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I

The General Electric Company is designing and building a 180,000 
kilowatt nuclear power plant for the Commonwealth Edison Company 
at a site near the confluence of the Kankakee and Des Plaines Rivers 
in Grundy County. Illinois. about 47 miles southwest of Chicago.

The plant will be known as the Dresden Nuclear Power Station, and 
will employ a nuclear reactor of the dual-cycle boiling water type. 
The general features of the reactor, the associated power plant, and 
the site on which the plant will be located have been described in pre
vious submittals to the Atomic Energy Commission.

b

A construction permit for the plant was issued to the Commonwealth 
Edison Company on May 4. 1956. This permit, CPPR-2. states, 
among other things, that the Commission has found that a facility of 
the general type proposed can be constructed and operated at the 
proposed location without undue risk to the health and safety of the 
public.

The permit is subject to submittal to the Commission of a Final 
Hazards Summary Report (portions of which may be subnitted and 
evaluated from time to time) and a finding by the Commission that 
the final design provides reasonable assurance that the health and 
safety of the public will not be endangered by operation of the reac
tor in accordance with the specified procedures.

This is the first of a series of reports which will be submitted to 
the Commission as portions of the Hazards Summary Report in com
pliance with these provisions.

The following material has been prepared by the General Electric 
Company as the Enclosure Section of the Hazards Summary Report 
for the Dresden Nuclear Power Station.

The purpose of this report is to describe. with particular emphasis 
on safety aspects, the general design features of the gas-tight, spheri- 
cal steel enclosure, 190 feet in diameter. which will house the reactor 
and its associated equipment, and to outline the bases on which these 
features were selected. The report requests the concurrence of the 
Commission with the considerations and conclusions set forth in the 
text.

- 8 -



The spherical enclosure to a structural supplement to the inherent 
safety of the Dresden boiling water reactor and to the safety 
devices provided to control the machine in case of emergencies. 
It is designed so that it is capable of confining any radioactive 
vapors that may be liberated from the reactor in the very unlikely 
event of an accident.

The general design features of the spherical steel enclosure as 
described in the report are:

1.

5.

6.

The enclosure will house the reactor. primary 
recirculation piping. pumps, steam drum, steam 
generators, and emergency heat exchangers, but 
not the turbine-generator.

The enclosure is designed to withstand the inter
nal pressures which would result from the most 
severe incident it is reasonable to conceive. Sub- 
stantial safety factors, based on the A. S. M.E. 
Boiler and Pressure Vessel Code, were employed 
in designing the enclosure.

. 3. The enclosure is designed for leak tightness. 
Radiographing of all welds and seams, and pneu
matic pressure tests will assure that all imper
fections are corrected and that the structure meets 
design specifications.

The enclosure is designed to withstand the etresses 
which may result from earthquake or weather.

The enclosure design provides special provisions 
for assuring the integrity of the enclosure in case 
of accident.

The enclosure will be located at least one-half 
mile from any population or non-plant structures 
in the area.

Other Hema considered in the enclosure design in providing for ths

- 9 -
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1

safety and protection of the public and which are discussed in the 
report include:

1.

2.

3.

The housing of the turbine-generator and related 
equipment in a conventional building separate 
from the sphere. which minimises the possibility 
of damage to the enclosure as a result of turbine- 
generator accident.

The studying of the need for any additional pro
tection of the sphere from fragments that could 
hurl against the enclosure wall as a result of 
reactor or other equipment accident to the end 
that the ultimate design of the enclosure will have 
adequate missile protection.

The designing of the plant so that penetrations of 
the enclosure wall are held to an absolute minimum.

The establishing of step-by-step procedures for 
constructing and testing the reactor enclosure.

The text of the report substantiates these major design features 
and considerations as stated above, and discusses the assumptions 
and analyses on which they were based.

-10-
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PART TWO

T E C H N I C A L PRESENTATION
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INTRODUCTION

The General Electric Company is designing and building a 
180,000-kw dual-cycle boiling-water-reactor nuclear power 
plant for the Commonwealth Edison Company. The plant, to 
be known as the Dresden Nuclear Power Station, will be loca
ted at a site near the confluence of the Kankakee and Des 
Plaines Rivers in Grundy County, Illinois. about 47 miles 
southwest of Chicago. The general features of ths reactor 
and the associated power plant and the site and its environ
ment have been described in previous submittals to the U.S. 
Atomic Energy Commission.-- 2) 63)

On the basis of these subrnittals * construction permit 
(No. CPPR-2) for the plant was issued on May 4, 1956. 
The construction permit states that the Commission has 
found that a facility of the general type proposed "‘can be 
constructed and operated at the proposed location without 

him*!'* risk to the health and safety of the public."

The permit is subject to submittal to the Commission of a
"final Hazards s ary Report (portions of which may be
submitted and evaluated from time to time) and a finding by 
the Commission that the final design provides reasonable 
assurance that the health and safety of the public will not be 
endangered by operation of the reactor in accordance with 
the specified procedures'*.

This is the first of a series of reports contemplated for mub- 
mittal as portions of the Hazards Summary Report in accor
dance with the provision indicated in the above paragraph. It 
is currently planned that subsequent submittals will be as 
follows:

12



1. Preliminary Hazards Summary Report.

Operating Specificatious.

3. Disaster Plan.

Final Hazards Summary Report (superseding 
the preceding submittals and any revisions of 
them).

Although. In view of the inherent safety feature a of the reactor 
and the safety devices provided (1), (2), the possibility of a 
nuclear accident to the plant is extremely remote, the reactor 
and associated equipment “will be housed in a vapor-tight enclo- 
sure to confine the radioactive vapors that might be liberated 
from the reactor in the event of accident. It is the purpose of 
this report to describe the general design features of the enclo
sure and to outline the bases on which these features were 
chosen. Concurrence of the Atomic Energy Commission with 
these general features and bates is sought. Specifically. con
currence is sought with the following:

1. Use as the enclosure type of a largely 
above-ground spherical steel shell 
housing the reactor, the primary re
circulation loop, and an emergency 
heat exchanger. The turbine will be 
housed in a separate building of more 
conventional design.

A design pressure employing A. S. M. X.
Boiler and Pressure Vessel Code. Section
VI11 safety factors
ceeds the internal pressure that would be 
created by relesee (and thus partial 
flashing to steam) of the pressurized 
hot water which under normal operating

11
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conditions is contained in the reactor and 
the primary recirculation loop; provided 
that

the ability of the sphere to with
stand a pneumatic test of 1.25 
times the design pressure is 
demonstrated, and that

this test pressure equals or ex
ceeds that estimated to result 
from the most severe reactor- 
rupture accident to which it is 
reasonable to assign a possibility 
of occurrence, such a "worst 
reasonable accident** * being con
ceived of as involving the maxi
mum reasonable energy contribu
tions from a nuclear excursion 
and from chemical reaction be
tween reactor components -- in 
addition to the above-described 
hot-water liberation.

3. Location of the sphere on the plant site so 
that it is at least 0. 5 mile from

Skinner Island in the Kankakee 
River.

b.

c.

the navigation channel in the 
Illinois River, and

the south and west land boun
daries of the site.

* See Page lb for explanation of "probably worst" and 
"worst reasonable** accidents.

14



A degree of leak tightness attained by cor
rection of any imperfections found by radio- 
graphing of all welds, leak testing of all 
welds and seals, and leakage-rate determi
nation for the completed sphere at approxi
mately the design pressure . It is expected 
that the leakage-rate determination will 
demonstrate a degree of leak tightness cor
responding to not more than approximately 
0. 5%/day leakage at 1. 25 times the design 
pressure

5. Weather, earthquake, and other strens 
allowances in accordance with the A. S. M. E. 
Boiler and Pressure Vessel Code, with 
special considerations as summarized in 
Section H of this report.

The enclosure constitutes an added measure of nuclear safe
guard. supplementing the protection afforded by the inherent 
safety of the basic reactor design and the safety devices with 
which it is planned to equip the reactor. The other phases of 
the system of safeguards against nuclear accidents will be 
described and evaluated in reports to be submitted later, as 
indicated above.

* Potential radiological effects of such leakage are 
indicated in Section E.

15
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II. BASIC FEATURES OF THE ENCLOSURE

The following is a summary of the basic design features of the 
enclosure for the Dresden Nuclear Power Station reactor. The 
technical background upon which the eelection of each of these 
features is based is indicated later in this report.

The technical information presented reflects the beet thinking and 
judgment at this writing. In the event that any new information 
pertinent to the enclosure should be developed in the course of 
detailed design, such new information will be forwarded.

The enclosure housing the reactor is a spherical steel shell. 190 
feet in diameter, largely above ground (with the equator approxi
mately 56 feet above ground level).

Equipment in the primary recirculation loop, an emergency heat 
exchanger, and certain other equipment are located inside the 
enclosure along with the reactor. The turbine- generator, the 
associated condenser, and various other equipment are in a 
separate building, out el de the enclosure.

The design pressure of the enclosure is 29.5 pmig, employing the 
structural safety factors called for by the A.S.M.E. Boiler and 
Pressure Vessel Code. Section VI lle. Coincidence of a 250‘F 
temperature rise with the occurrence of the design pressure is 
allowed for. The design pressure equals or exceeds the internal 
pressure that would be created by the most probable kinds of 
potential reactor - rupture accidents. Those potential accidents 
are conceived of as consisting in release (and thus partial flash
ing to steam) of the pressurised hot water contained in the

Ls., maximum allowable membrane stress of 1 /4 of 
the minimum tensile strength, with qualifications as set 
forth in the Code.

16 .
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reactor and the primary recirculation loop (primary steam 
drum. primary side of secondary steam generator, and pumps 
and piping in the loop) under normal operating conditions, with 
no significant energy contributions from any nuclear excursion 
or from any chemical reaction between reactor components. 
Most potential accidents, those with the high set relative pro
bability of occurring, are considered to be within this class.

The ability of the enclosure to withstand a p atic test at
l. 25 times the design pressure is to be demonstrated. This 
test pressure equals or exceeds that estimated to result from 
the most severe reactor-rupture accident to which it is reason- 
able to assign a possibility of occurrence. Such a worst reason- 
able accident is conceived of as involving the following:

a. liberation of the pressurized hot water 
present in the reactor and primary 
recirculation loop during normal 
operation;

a nuclear excursion contributing an 
amount of energy that would be enough 
to melt all the (uranium oxide) fuel in 
the reactor core; and

c. chemical reaction of 25% of the zirconium 
in the fuel-element cladding with water.

The enclosure is designed to withstand weather and earthquakes, 
as discussed in Section D of this report.

To insure the greatest practical degree of leak-tightness (as 
well as structural integrity), all welds on the sphere will be 
radiographed during construction and all welds and seals tested 
for tightness with soap bubbles. Any imperfections found will 
be corrected. In addition, adequate tightness of the sphere will 
be confirmed by determining the leakage rate at a 29.5-psig

-- a
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pneumatic pressure.

The sphere is to be located approximately 0.6 mile mouth of 
the navigation channel in the Ilinois River and 0.5 mile wee* 
of the west bank of Skinner Island in the Kankakee River, the 
off-site land nearest to the sphere*, as shown in Figure 1.

* Other than approxirnately 0.07 square mile of State- 
owned flowage land located between 0. 3 and 0. 5 mile 
from the sphere.
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III. DISCUSSION

REACTOR SYSTEM

The dual-cycle boiling reactor ia a therzoal-neutron hetero- 
geneone reactor emplcying slightly enriched uranium as the 
nuclear fuel. moderated and cooled by light water. The 
cooling water boils in the reactor vessel, which ia pressur- 
ized to 1,000 psig. The ateam thus generated in sent, after 
moisture removal. directly to the high-pressure admission 
point of a duel-o dmieaioa steam turbine. Additional ateam ia 
produced in four opened* ry steam generators boated bv hoc 
water withdrawn from the reactor through a ateam separating 
drum and then returned to it. Thio lower-pressure (approxi - 
mately 495 psig) steam ia routed to the low-pressure (second) 
admission point of the turbine. A ochomatic flow diagram ia 
shown as Figure 2. A perspective view of the reactor and 
primary coolant ay e tom ia sketched in Figure >. For a dis- 
cussion of the general functioning of the reactor and its power- 
extraction system deference ia made to documenta NPG- 111(1) 
and X-GEAP-045(2), submitted previously.

The reactor vessel is approximately 42 feet high and 12 feet, 
2 inches in internal diameter. It ia made at carbon steel clad 
inside with a taiale a a steel. The shell thickness opposite the 
nuclear-fuel core ia 5-5/8 inchas (including the 3/8-inch 
cladding). The principal features at the reactor design are 
depicted in Figure 4.

During normal operation the reactor and the primary recircu- 
lation loop (steam drum, primary side of the aecouda ry steam 
generator, pumps, and piping) contain IM tone at hot water. 
(Of this, 48 tons are in the reactor itself. )

19
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It is currently planned to use fuel in the form of approximately 
17.000 nine-foot-long 0.5-inch-diameter vertical rods of 
uranium dioxide, encased in Zircaloy-2 cladding. The fuel 
elements are arranged in seven hundred and twelve 1. 8-inch 
square cross-section flow channels separated by Zircaloy-2 
sheeting. The weight of uranium dioxide in the fuel elements 
is 61 tons; that of Zircaloy-2 in the cladding. 11 tons.

The arrangement of the reactor and other major equipment in 
the enclosure and turbine building is sketched in Figure 5. The 
equipment layout within the enclosure is indicated in more detail 
in Figures 6. 7. and 8.

The principal plant -design pararneters are tabulated in Appendix C.

B. ENCLOSURE TYPE AND SIZE

1. General

An above-ground spherical steel shell housing the reactor but not 
the turbine was selected as the enclosure type on the basis of ex- 
tensive studies of the safety and other merits of alternative struc- 
bare types. The studes, conducted by General Electric in colla
boration with the Bechtel Corporation, engineer-construe tors for 
the plant.

b.

c.

d.

embraced studies at a wide variety of potential designn:

Above-ground and underground structures.

Steel, concrete. and combinatioms of the two 
aa structural materials.

Spherical, cylindrical. sad combination 
(spheric al-and-cylindrical) shapes.

Enclosures alternatively housing and not hous- 
lag the turbine along with the reactor.

20
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wan nought as the essential requirement and -- with safety 
comparable — an economical and convenient housing woo 
foolrod. While it io recognimed that experience with large 
atructures of thio Mid io limited and that therefore many impor- 
toot €actora had to he wei

was judged to be

space requir ts for the equipment and accessories enclosed
and by c non ide rati now of reernaohio com veal once of layout of 
that equipment.

2. "Reactor-Only" Enclosure
The chuice of a "reactor-only" enclosure <i. e. . one not 
hrmoing the turbine-generator along with the reactor) was 
based on the safety comparison summarized below and on the 
following other considerations:

it resulta in a more convenient layout;

by housing the turbine in a more nearly 
conventional building, it renders the plant 
more amenable to future rnodifications -- 
an important consideration in a develop
mental project;

C. for equivalent mafety, the reactor-only 
enclosure io economically the more 
advantageous: and

by reducing layout and structural complexi- 
ties, it represents a trend desirable from 
the standpoint of the long-range develop- 
ment of the atomic power industry.

21
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From the nuclear- safety standpoint too the reactor-only type 
of enclosure offers advantages:

The danger of damage to the enclosure in 
the event of a turbine explosion is minimised 
with the turbine outside, rotating in a plane 
not intersecting the enclosure.

b. No penetration through the enclosure wall 
is required for the generator main leads. 
This is a particularly vulnerable type of 
penetration, involving a large-diameter disc 
of non-magnetic material and temperature 
differentials due to eddy currents.

c. The danger of damage to the enclosure by 
explosion of the hydrogen used to cool the 
generator is eliminated.

d. With less lubricating oil in the enclosure, 
the fire safety is improved.

The total area of penetrations is decreased 
by approximately 30%.

There are fewer man-hours spent inside the 
enclosure, unprotected in the event of nuclear 
accident.

g- With less equipment enclosed, the need to cut 
temporary openings into the shall for remov
ing or bringing in large equipment pieces is 
likely to be less frequent.

The enclosure will have several minor 
advantages by virtue of its smaller size.

ZZ
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While individually these are trivial, 
together they are perhaps significant. 
These small-enclosure advantages are;

{i) Easier to "shadow-shield" 
after an accident.

(ii) Safer against a tornado.

(iii) Smaller bomb target.

On the other hand, the reactor-only enclosure also has dis
advantages from the safety standpoint:

Valves in the reactor-to-turbine steam 
lines must be relied on to complete the 
enclosure in the event of an accident.

b. Accidental closure of these valves would 
separate the reactor from its normal
heat sink the turbine condenser.
thus necessitating special provisions to 
remove the reactor heat by other means.

These safety drawhacks can, however, be reduced to a mini
mum by proper design, with the net effect that the over-all 
safety is not less than that attainable with the turbine also 
enclosed 

3. Missile Protection

it is recognized that the value of the enclosure for confining 
radioactive vapors that might be liberated in an accident 
would be greatly impaired. perhaps lost, if the enclosure were 
to be punctured by reactor or other fragments that an accident 
could hurl against the enclosure wall. Studies are currently 
under way with the objective of assessing the nature and

23
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magnitude of this missile danger, in order that appropriate pro
tection might be incorporated in the design of the plant. * The 
status of this work is indicated in Appendix E.

4. Insulation
i
I

The enclosure will have thermal insulation on the outside, for 
operating reasons. This will also aid in protection of ductility in 
cold weather and will provide corrosion protection of the exterior 
side of the enclosure shell. (The type of insulation has not yet 
been chosen. )

5. Ventilation

The enclosure will be ventilated on a "once-through" air flow 
basis, with the cooling effect of the ventilation air supplemented 
by coolers in the shielded equipment cells.

Ventilation and cooling are being designed to permit personnel 
access to the enclosure during operation without excessive radia - 
tion or temperature exposure and to prevent heat damage to any 
equipment.

The spent ventilation air will be discharged through a J 00-foot- 
high stack. It will be continuously monitored for radioactivity. to 
assure that maximum permissible concentrations are not exceeded.

6. Penetration*

The various penetrations through the enclosure wall (pipes, ducts, 
refueling opening, access locks, electrical leads) will receive 
special consideration in design from the standpoints of the require- 
mint* of leak tightness and prevention of excessive stresses.

Two general types of provisions are con temple toil to prevent es- 
cape of excessive radioactive material through penetrations in the

Studies are currently being conducted by Broadview 
Research and Development. Burlingame. California, 
under contract with General Electric.

- 24
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event of accident.

Penetrations which are closed during normal 
operation will be protected against being 
opened during operation, or in potentially 
hazardous non -operating situatior s, by appro
priate control - instrument interloc :s, opera- 
ung rules. or a combination of the two.

b. Each penetration open during normal opera
tion will be automatically closed in the event 
of accident fast enough and tightly enough to 
prevent escape of more than a small fraction 
of the maximum acceptable total leakage.

Since details of the provisions for insuring closure and tightness 
of penetrations in the event of accident are not involved in the 
design and construction of the enclosure itself, detailed descrip
tion and analysis of these provisions is beyond the scope of this 
report.

Figures 9 and 10 show possible penetration locations and some 
of the various alternative designs under current study for the 
several penetration types.

7.

The sources of power supply to the enclomure interior are listed 
in Appendi x F.

Fire Protection

Fire protection provisions in the enclosure will be designed in 
accordance with the standard fire protection requirementa of the 
Commonwealth Edison Company. The provisions will comprise 
fire hoses and movable (cart type) carbon-dioxide fire 
extinguishers.

C. BASIS OF INTERNAL PRESSURE

The enclosure design 1s based on adequacy for pressures that

25
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could be developed in severe terminal accidenta, as discussed 
below. It la emphasized, however, that the possibility at occur- 
react at any such accident m extremely remote.

The analysis of accident pressures discussed below distinguishes 
between two lmiting-accident-magnitude concepts:

A "probably worst accident", crearing a pren- 
sure which would in all probability not be ex- 
ceeded in any accident. (Discussed under 1. 
bo low. )

A "worst reasonabie accident** represents the 
worst accident to which it it raaaonahta to 
asaign a possibility of occurrence. Such an 
accident, though even more extremely improb- 
able than the -probably worst** case, cannot 
be discounted altogether in conservative design. 
(Dscsssed under 2. below.) I

Hypothetical accidents aaraa than these, with no significant pos- 
sibility at occurrence. are also discussed (under 3, below), to 
illustrate the safety margin available in the design.

I. -Probably Worst" Post-AccidentPressures
The internal pressure in the enciosure in the event of a major 
accident could be rreated by c ontributions from three different 
potential sources of energy

the pressurized hot water in the reactor and 
in those of its auxiliaries which are not separ 
ated from it by a solid barrier;

a nuclear excursion; and

C. chemical reaction between reactor compon- 
enta. via. . between water and the

-26-
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zirconium cladding in whach the 
uranium-oxide fuel is encased.

The hot-water contribution (a) is the most important of these; 
the nuclear and chemical contributions (b) and (c) would in 
fact probably he negligible in comparison.

Accordingly, the design pressure at the enclosure, 29- 5 psig, 
has been determined by the pressure that would be created by 
release (and thus partial flashing to steam) at the pressurised 
hot water contained in the reactor and the primary recircula- 
tian loop (primary steam drum. primary side at secondary 
steam generators, and pumps and piping in the loop) under 
normal operating conditions, with no significant nuclear or 
chemical energy contributions. Under these conditions — 
i.e. , with the reactor at its rated working pressure (1000 
psig). in a boiling condition, operating at its rated power level
(630 thermal Mw) a reactor rupture would expose 1M tons
of pressurized hot water, and the ensuing partial flashing to 
steam would create a 21-psig pressure in the enclosure. (The 
23 -psig post-accident pressure was calculated on the basis of 
an instantaneous release. In the event that the release should 
take a significant finite time the ultimate pressure reached 
would be less, because the net heat loss from the vapor space 
inside the sphere to the sphere shell, to the structure inside 
the sphere, and to the environment would initially be faster 
than the boat gained due to radioactive decay. )

The 29. 5-psig design pressure will be withstood by the enclo
sure with the same structural safety factors as are called for 
by Section VIII of the A.S.M.E. Boiler and Pressure Vessel 
Code . for long-continuing and repeated loadings. so that the

1. e. , maximum allowable membrane stress of 
1/4 of the minimum tensile strength, with quali- 
fications as set forth in the Code.
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enclosure will provide a very high degree of reliability for 
confining the radioactive materials liberated in these most 
probable accidents.

it is possible that. as the detailed design of the plant is esta
blished. there will be some minor changes in the amount of 
water in the reactor system and in the percentage of unoccu
pied volume in the sphere. Corresponding to any such 
changes there would be minor upward or downward changes 
in the 23-psig calculated accident pressure cited above. 
However, it is not anticipated that any such changes will raise 
the calculated "probably worst accident" pressure above the 
29. 5-psig design pressure.

2. •Worst Reasonable" Poet - Accident Pressure

The ability of the enclosure to withstand a pneumatic test of 
1. 25 times the design pressure (i.e. , 37 psig) is to be 
demonstrated. This test pressure equals or exceeds that 
estimated to be given rise to by the most severe reactor- 
rupture accident to which it is reasonable to assign a possi
bility of occurrence. Such a "worst reasonable accident'* is 
conceived of as involving the following:

!
liberation of the pressurised hot water 
present in the reactor and primary re- 
circulation loop during normal opera
tion.

b.

c.

a nuclear excursion contributing an 
amount of energy that would be enough 
to melt all the uranium oxide fuel in the 
reactor core; and

chemical reaction of 25% of the zir- 
coniurn in the fuel-element cladding 
with water.
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Such a "worst reasonable accident" (assuming the water re
lease to be practically instantaneous) would give rise to an 
enclosure presaure of 35 psig.

Minor changes in the amounts of water uranium oxide, zir- 
conium, or sphere free volume in the course of detailed design 
could change the 35 psig pressure calculated for the "worst 
reasonable accident" slightly upward or downward. However 
it is not anticipated that it will exceed the 37-psig enclosure 
test pressure.

3. Pressures for Accident* Beyond Reasonably 

Conceivable Magnitudes

It is possible to conceive hypothetical combinations of circum- 
stances ao extreme that it would not be reasonable to ascribe 
to them a significant possibility of occurring which could give 
rise to pressures exceeding those created by the "worst rea
sonable accident" described above. However, the structural 
safety factors employed in the design of the enclosure give it 
a good chance of withstanding pressures significantly in ex
cess of its test pressure (which is based on the "worst reason - 
able accident").

For example, suppose tha‘ the chemical reaction involved in 
the "worst reasonable a .ent" is augmented by burning of 
the liberated hydrogen* and proceeds with such violence that 
missiles formed in the explosive reaction rupture the secondary 
steam generator, so that the pressurised hot water on its secon 
dary side, as well as that on its primary side, becomes exposed
to partial flashing to steam** The enclosure pressure after

Very unlikely, as discussed below.

** The possibility of such rupture is remote, because the 
secondary steam generators are 30 feet away from the 
reactor and there are 12 feet of concrete wall thick- 
ness in between.
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such an accident would be 39 psig-

As an extreme illustration, suppose that the nuclear and zir- 
conium-water reaction contributions were twice the worst 
reasonable ones described above and that in addition the secon
dary steam generator ruptures and the hydrogen liberated in 
the zirconium- water reaction burns. Such an accident would 
give rise to a 55-psig pressure. Calculations show that the 
enclosure should withstand a pressure even as high as that 
developed in this over-pessimistically conceived case.
Although calculations at this kind are subject to uncertainties, 
this hypothetical illustration has been presented to indicate the 
extent at safety margin available over the lower pressures 
that might arise in the earlier-discussed accidents of reason
able magnitudes.

Enclosure Pressures After Various Accidents

Enclosure pressures after various potential accidents are 
indicated in Table 1. Figure 11 is a plot of sphere pressure 
as a function of the amount of pressurized hot water exposed 
and of the amounts of nuclear and chemical energy contribu
tions. The plot may be used to determine post-accident pres
sures not specifically considered in Table 1.

It should be noted that the tabulated and plotted accident condi
tions represent highly pessimistic "bench-marks", as dis
cussed above. The more severe of the cases are not assigned 
any significant possibility of occurrence, but are considered 
only to delineate the degree of conservativeness of the design.

5. J3asis of Maximum Reasonable Nuclear Excursion

The magnitude ci credible potential nuclear excursion is diffi
cult to estimate. because any credible combinations of circum
stances that might lead to a nuclear excursion will be speci
fically designed against.
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However, disregarding consideration of any specific mechan- 
isms that could lead to such an excursion, it appears reason- 
able to suppose that the excursion energy would not exceed 
that which would be just enough to melt all of the uranium- 
oxide fuel in the core. This comet to 48 million B.t.u. and 
has been considered as the maximum reasonable nuclear con
tribution to the post-accident internal pressure.

it is not suggested that melting of the entire core would be the 
actual mechanism whereby the core is disrupted, thereby ter
minating the nuclear reaction. Vaporisation of the highest- 
neutron-flux (central) portions of the core while the lower- 
flux regions are still in a solid state appears to be s more 
likely mechanism of disruption. The full-core melting model 
merely provides a convenient way of expressing a reasonable 
upper limit to the magnitude of a potential nuclear-excursion 
energy contribution.

6. Basis of Maximum Reasonable Chemical Reaction

According to limited present knowledge, zirconium can undergo 
a rapid reaction with water when the metal is in a finely divided, 
molten state. It is not possible to rule out all chances that a 
small portion of the zirconium in the fuel-element cladding 
might under accident conditions get into a state in which it is 
capable of such reaction. However, the fraction of the cladding 
zirconium involved would be small, probably well under 25 per
cent. A 25-percent zirconium reaction has accordingly been 
used as the basis of the maximum reasonable chemical- reaction 
contribution toward the post-accident pressure in the enclosure.

The exact mechanism of the zirconium-water reaction is not 
known. However, the reaction probably involves the liberation 
of 2 molecules of hydrogen (H2) per atom of zirconium reacting. 
An additional energy contribution due to burning of this hydrogen 
is conceivable. However, under the conditions that may be
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reasonably anticipated as potentially arising in case of a 
reactor - rupture accident in the Dresden Station enclosure, 
the hydrogen would not burn because:

initially it would be mixed with steam 
rather than with air: and

by the time the steam is sufficientiy 
diluted with air to permit burning. the 
hydrogen concentration would be below 
the lower explosive limit. For example, 
the final hydrogen concentration in the 
enclosure after a 25% zirconium reac- 
tion considered under 2, above, would 
be 2 volume percent. while the lower 
explosive limit is at conditions of 
interest at leant as high as 6%.

If hydrogen burning should nevertheless occur, it would in
crease the zirconium chemical - reaction contribution by 77%, 
i.e.. a 25% zirconium reaction without hydrogen burning is 
equivalent to a 14% zarconium reaction with hydrogen burn
ing.

7. Poet - Accident Tempo re tu re •
M

Enclosure temperatures corresponding to the various post
accident pressures, determined as indicated in Appendix B, 
are plotted in Figure II. On the basis of these poet- 
accident temperatures, the design temperature rise has 
been conservatively set at IW’F. above ambient (i.e. . at 
325-F. ).

Calculation of Poet - Accident Pressures

The method employed for computing poet-accident pressures
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in the enclosure is outlined in Appendix B.

Appendix B also lists the physical constants employed in the 
calculaton of reasonable magnitudes of potential nuclear and 
chemcal reaction contributions to the accident energy release.

9. Post - Accident Pressure Reduction

The poet-accident pressures discussed above were calculated 
os the basis of instantaneous release of the pressurized hot 
water in the reactor system. After such a release the pres- 
sure in the enclosure would undergo changes with time as a 
function of two competing mechanisms:

There would be beat losses from the 
enclosure atmosphere to the enclosure 
shell, to solid structures in the enclo- 
sure . and to the environment outside.

There would be boat gain due to radio- 
active decay.

Immediately after an accident, while the shell and solid 
masses inside are being heated up, the net effect of these

While tent structure portions in the sphere would be 
aim the calculated post-accident temperature and 
would thus surrender heat to the enclosure atmos- 
phere rather than withdraw boat from it. by far the 
largest fraction of the structure masses would be 
well below the post-accident temperatures, so that 
the net effect in the immediate aftermath of an acci- 
dent would be a boat transfer from vapor pace to 
molids.
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opposing mechanisms would be to decrease the enclosure 
pressure.

Later radioactive decay heat would be generated faster than 
the enclosure could surrender heat to the environment, so 
that the pressure in the enclosure wold rise. It is planned 
to provide a cooling means to supplement the natural mechan
isms to insure that the pressure in the enclosure does not rise 
above the 37-psigdest pressure during this period. (actually 
the cooling means contemplated is expected to have a cooling 
power well in excess of that needed to meet this requirement, 
and should reduce the post-accident pressure to 6 psig 
within a day. )

Eventually, as the radioactive decay power decreases, the 
enclosure would lose heat to the environment faster than the 
heat input rate, so that the internal pressure would decrease 
even without artificial cooling.

D. WEATHER, EARTHQUAKE, AND OTHER ALLOWANCES

The enclosure will be designed to withstand a maximum wind 
velocity of 119 m. p. h. (The maximum wind velocities recor
ded for the area are 87 m. p. h. at Chicago and 75 at Peoria. 
However, there has been an unofficial report of a 1.0-m. p. h. 
wind a* Joliet on April 3, 1956.)

The seismographic classification of the plant mite is Zone 1, 
with no past history of destructive ea rthquakes 3) . Accor- 
dingly the enclosure is being designed for a horizontal accelera- 
tion of 3. 3% of gravity (slightly in excess of the Z. 5% required 
by the Uniform Building Code, Pacific Coast Building Officials 
Conference, 1955 edition).

Other stresses, e. g. , snow loading. and dead and live loads.
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are being allowed for in the design of the sphere according to 
the A.S.M.E. Boiler and Pressure Vessel Code.

The design allows for any combinations of weather and dead 
loads and internal pressure to occur simultaneously. But the 
maximum design live and earthquake loads are not considered 
simultaneous with the maximum internal pressure, because 
of negligible likelihood of co-occurrence.

There is no appreciable danger of flood at the contemplated 
plant site and accordingly no flood provisions are incorporated 
in the design of the enclosure. The elevation of the site is 516 
feet above datum. An extreme flood elevation of 50 7 feet above 
datum at the Dresden Dam has been estimated. Thus, the high
est estimated water level was still 9 feet below the site level.

The possibility of flooding on the site is very remote since 
spillway capacity is provided well in excess of estimated flood 
conditions at the Dresden Dam. Another factor which makes 
flooding at this site very unlikely is the fact that the elevation 
of the site is well above the vast valley storage area upstream 
from the dam.

For weather, seismological, and hydrological data for the site 
reference is made to document NPG-126(3).

E. LEAKAGE

The enclosure will be built to the greatest practical degree of 
leak-tightness. The following tests are contemplated to aid in 
detecting and correcting possible leakage spots*:

For complete construction and testing sequence see 
Section G.
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Radiographing of all welds (during 
construction).

b.

C.

d.

Soap- bubble testing of all welds and 
seals.

Determining the ability of the sphere 
to hold a 29. 5-psig air pressure for 
approximately two days. This leakage 
rate test is contemplated alter the 
construction of the shell is complete 
but before the plant is placed inside it.

A confirmatory test at a pressure of 
at least 10 psig for two days or longer, 
after the plant is installed and temporary 
openings cut in the shell for plant- 
installation purposes are closed.

It is expected that the quality of the workmanship as aided by 
the radiographing and soap-bubble tests will produce a higher 
degree of leak-tightness than it will be possible to demon
strate reliably in the over-all leakage-rate tests (c) and (d). 
due to difficulties in ascertaining the exact magnitudes of the 
proper temperature and humidity corrections to be applied in 
interpreting the results of the integrated leakage tests. How
ever. the tests are expected to be sensitive enough to show up 
unequivocally any leakage sufficiently severe to be of signifi
cant safety concern in the event of a worst reasonable accident.

CaJculations based on assumptions outlined in Appendix C 
indicate that a 0. 5-pe re ent/day initial leakage rate from the 
enclosure in the event of a worst reasonable accident would 
result in an external exposure of 16 roentgens to a person 
standing under the centerline of the emerging cloud at the 
edge of the plant site (one half mile from the enclosure) for



eight hours. (Cf. proposed maximum permissible external 
Corresponding calculatedemergency exposure of 25

internal exposures (integrated from the time of ingestion for 
a lifetime taken as infinite) are 90 rads to the thyroid and 
40 rads to the bone. (Cf. 100 rads widely accepted as 
maximum permissible ( 5). ) After an B-hour cloud passage 
the radiation intensity from ground contamination due to 
fallout would be an estimated 0.5 r/hr. These calculations 
are based on the cooling means provided reducing the post
accident enclosure pressure from an initial 17 psig to 6 
psig in 1 day.

A means of cooling the sphere contents after an accident 
without thermal shock to the sphere will be provided. with a 
view to reducing the internal pressure and maintaining it at 
a low value. to reduce the rate of leakage out of the enclo
sure through any imperfections. The cooling means will 
also reduce the amount of radioactive material suspended in 
the enclosure atmosphere through wash-down by the conden
sate produced. (This may be supplemented by a direct spray
down action if the type of cooling means to be selected will 
involve an internal spray.)

Since details of the provisions for post-accident cooling are 
not involved in the design and construction of the enclosure 
itself, detailed description and analysis of these provisions 
is beyond the scope of this report.

LOCATION

1. General

The sphere is to be located approximately 0.6 mile south of 
the navigation channel in the Illinois River and 0. 5 mile west 
of the west bank of Skinner Island in the Kankakee River, the
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off-site land nearest to the sphere*. as shown in Figure 1.

its distance from the south and west land boundaries of the 
plant property will exceed one-half mile.

These distances will provide adequate safety at the plant 
boundaries from direct gamma radiation from the sphere in 
the event of accident. Thus, in the event of a "worst rea
sonable accident**. the integrated direct-radiation dose to an 
unshielded receptor one-half mile from the sphere during 
the first eight hours after the accident would be approximate- 

. ly 4 roentgens (Cf. 25 r. proposed maximum permissible 
emergency exposure for whole-body i r radiation (4). )

Post - Accident Radiation

Calculated post-accident direct gamma radiation intensities 
and integrated doses as a function of distance from the 
sphere and time after the accident are shown in Table II. 
The method of calculation employed in arriving at the tabula
ted figures is outlined in Appendix D.

C. CONSTRUCTION AND TESTING SEQUENCE

The following is the contemplated sequence of major con
struction steps and pre-operational tests for the enclosure. 
The sequence was chosen on the basis of discussions with 
the Bechtel Corporation, engineer-constructors for the plant, 
and the Chicago Bridge and Iron Company. successful bidders 
for the subcontract for detailed design and construction of the 
enclosure shell.

Other than approximately 0.07 square mile of State- 
owned flowage land located between 0. J and 0.5 mile 
from the sphere.
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1. Building of shell: first the equatorial 
course of plates. then successive courses 
downward, then upward from equator. 
Shell supported on columns at equator.

2. Radiographing of welds. (Stop 2 is 
carried on concurrently with Step 1. 
New joints are being welded while pre
viously welded joints are being radio- 
graphed.)

»
3. Soap-bubble leak tasting of welds and 

seals.

Structural test at >7 psig (pneumatic).

5. Leakage - rate test at approximately 29.5 

psig.

6. Cutting of openings in the shell to admit 
construction and operating equipment.

7. Placing of concrete inside and outmide the 
lower portion of the sphere (done nearly 
concurrently so that no undesirable defec- 
tions or stresses are induced in the shell).

B. Transfer of a controlled part of the 
weignt from columns to concrete founda
tion.

9 Interior construction.

10. Closing of temporary openings.

11. Radiographing of new welds.

12. Soap-bubble leak tasting of mv welde and 
seals.

-39-
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15. Confirmatory leakage - rate toot at a 
pressure of at least 10 psig.

Id. * Confirmatory structural toot at a pres- 
euro at least equal to that calculated for 
the maximum reasonable accident. **

APPLICATION or A. S. M. X. CQOI

To insure aa enclosure of the highest integrity, all provisions 
required for the A.S.M.E. Boiler and Pressure Vessel Code 
approval stamp are being incorporated in the design, fabrica- 
tion, and erection of the enclosure, with special considera- 
tions as indicated below.

The pertinent code sections include the latest edition and sup- 
plements of Section 11 (Material Specifications). Section VI11 
(Unfired Pressure Vessels), and Section IX (Welding
Qualifications) .

Significant special considerations are as follows:

eeme--

The steel plate used will be aluminum killed 
and normalized, to produce maximum low- 
temperature impact properties. * Thio addi- 
tional requirement wao made to provide in-

May precede Stop 15.

Possibly as lush ao 57 pots. but may bo several pm 
lower.

The CO plated material of construction *• SA-201
Grade B F1 rebox- quality steel, znde to SA-300 
specifications.

- 40.-
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No internal-pressure relief devices will 
be installed. * The structural safety factors 
employed give the sphere a gee 4 probability
of contain considerably greater

abl
accident", so that co > ould be ex-

which are reasonable to P late.

The vessel at a whole will not be stress- 
relieved because of tie large size. (This is 
in accordance with A. S. M. E. Cali Caamtt- 
tee Special Rulings Ui Cases Noe. 1226 and 
1226-1, which permit building containment 
vessels for wee leer reactor installations with- 
out stress relieving, provided that plate 
thickness does not exceed 1.1 inches and

nts an met. The
sphere will be constructed of plates rentes 
from 1.25 to 1.40 inches la thickness. ) How-
ever, any plate seg wholly ciwitalaiag a

be furnace stresu-relieved after insertion of 
the penetration. If a large penetration inte

A vessels.
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shell.

Mo thickness allowance will be made 
for corrosion. However, the vessel 
will be protected from corrosive con-
ditions. It will be primed and ted
la accariBTo with specifications of the 
•tool Structure Painting Council to pro- 
tact against corrosion.

The standard hydrostatic test at 1.5
Awa l design pressure

cannot be performed since the weight 
of the water wouid collapse the sphere.

atic structural test at 1.25
times the al design pressure will
be performed as provided for in the 
code as an alternative.
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TABLE II

POST - ACCIDENT RADIATION

Dosage Rates vs. Distance and Time

Distance from
Sphere Center After

1 Hr.
After

1 Day
After 
1 Mo.

After 
1 Year

600 feet 200 70 0. 5

1/2 mile 0.7 0.2 0.02 0.002

1 mile 0.001 0.0003 £0.0001 <0.0001

7

Integrated Dose vs. Distance and Time

Distance from 
Sphe re Cents r

First 
5 Minute s

Total Roentgens
First 
Hour

First 
8 Hours

600 feet 200 500 1O00

1/2 mile 0.6 2 4

1 mile 0.001 0.003 0.00?
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APPENDIX B

CALCULATION or POST-ACCIDENT PRESSURE

Outline of Method

The poet-accident pressure developed inside the sphere (as 
a result of the liberation of the internal energy of saturated 
boiling water depressurised from 1000 psig to near-atmos- 
pheric pressure and the liberation of energy from a nuclear

nioa and/or chemical reaction bet reactor com-
ponente) was calculated by the solution of three equations 
involving three unknowns: poet-accident pressure, post- 
accident temperature. and energy released. The relation-
•hip bet ultimate temperatures and pressures was
found for selected post-accident temperatures from the sum 
of the pa trial pressure of air (as determined from the ideal- 
gas laws) and of the partial pressure of steam (as deter- 
mined from a team tables).

!

The amount of steam formed, or the fraction of water eva- 
po rating. was than determined from the known container 
volume (*0* free volume in a 190-ft. -diameter sphere plus 
the volume of the reactor vessel) and the specific volume of 
•team at the calculated post-accident partial steam pressure.

The energy from the nuclear excursion and chemical reaction 
could than be found by subtracting the original internal energy 
of the reactor water plus the internal energy of the pre-acci
dent enclosure atmosphere from the internal energy of the 
fraction of reactor water remaining after the accident and 
the internal energy of the post-accident enclosure atmosphere.
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The original enclosure atmosphere was taken as air, saturated with 
water vapor, at 100* F. Other assumptions necessary included ad
herence to the gas laws. perfect air-steam mixing, and no energy 
loss by absorption in structural materials, by radiation through the 
sphere or loss of energy from neutron and gamma radiation during 
the nuclear excursion.

The results of these calculations allowed preparation of curves rela
ting post-accident pressures and temperatures in a 190-foot-diameter 
sphere to energy release for various tonnages of liberated pressurised 
hot water. (See Figure 11. in Appendix A.)

Physical Cooiunti

The following are values of physical data employed in the computation 
of the nuclear and chemical energy contributions:

Weight of uranium oxide (UO2) 
in reactor core

Specific beat of UO2

Latent heat of fusion of UO2

Melting point of UOz

Average UO2 temperature during 
operation

Weight of zirconium (Zr) in fuel 
cladding (including that in 
screw connectors between 
fuel segments)

Heat of reaction (exothermic) be
tween Zr and water

126,000 lb.
0.08 B.t.u./1b.

107 B.t.u./lb.
4360“ r

1000* F.

30.600 lb.
151 Kcal./g. moi. * 
(2970 B.t.u./lb. Zr)°

Heat of reaction for hydrogen 
burning (2280 B.t.u./lb. Zr)

Based on assumed formation of crystalline ZrO2 in the reaction. 
On the basis of the formation of fused ZrO2 the heat of reaction 
would be about 1/3 of this value (040 B.t.u./lb. Zr).

- 59

I



P P E N D I X C

CALCULATION OF EFFECTS OF LEAKAGE

The post-accident . off-cite personnel exposure to radia- 
tion emanating from a cloud of fission products that might 
occur after a serious nuclear accident were calculated by 
postulating a small imperfection in the sphere that resulted 
in a leakage rate of 15.3 ms/hr. (0.5% of the sphere free 

volume per day) at an initial post-accident pressure of 37 
psig- As the sphere atmosphere cools (by beat loss to the 
concrete inside the sphere, by heat loss through the sphere 
walla. and by use of the post-accident cooling system which 
will be designed to remove enough heat to bring the sphere 
pressure to 6 psig or less in 24 hours) the pressure will 
be reduced and the leakage rate decreased. A curve of 
leakage rate vs. internal pressure was prepared, on the 
basis of the standard orifice flow equation.

From the pressure - vs. - leakage curve and the predicted 
cooling rate, a second curve of leakage rats vs. time was 
drawn. Integration under this curve gave an estimate of 
the total leakage expected for any period of time and thus an 
estimate of the amount of sphere atmosphere released to the 
environs.

The resulting integrated dosages to a stationary observer, 
1/2 mile distant from the sphere, were then calculated 
assuming continued dispersal of 30% of the fission products 
during the post -accident period and using photon-energy and 
exposure data from reference (5). Standard formulas for 
inversion meteorological conditions (6) were applied to ob- 
tain cloud concentrations at 1/2 mile. It was further postu- 
la ted that fission-product radioactivity build-up in the fuel
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had essentially reached equilibrivm.

Radiation levels, resulting from ground deposition were 
calculated on the basis of maximum fall-out at each posi- 
tion, corrected for decay and total leakage for the 
periods of interest.

No corrections were made for removal of the fission pro- 
ducts in the sphere atmosphere by falling condensate 
(although a significant removal will undoubtedly occur) or 
for the observer not staying under the centerline of the 
cloud during the entire periods of interest. The lack of 
these corrections should insure pessimistic values for 
this study.
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PPEIDIX D

CAIGULATIO23 or POST-ACCIDENr RADLATION
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MISSILE SHIELDING

With * concrete radiation shield around the mides of the 
reactor certainly massive enough to stop any fragmenta * 

. formed la a reactor rupture accident under any rooe—- 
ably conceivable conditions, a possible need for special 
missile shielding provisions exists only for:

(a) primary ant smiles (i. e. . fragmaota 
of the reactor itseln propelled up or
down, and

(H in certain places, secondary mismiles 
(t. e. . for bits of structure surround- 
lag the reactor).

Extensive studies by General Electric and by Broadvie
Research and Development under contract to G. E. ar*

(a) la there enough missile bawar* to 
warrant mismile shielding?

(M If M, what constitutes an adeq

-63-
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lumtion are in progress in an effort to det I

issile shieiding con-

1.

(b)

(c) Two 12-inch-thick steel slabu (with 
6-1/2 feet of concrete in between) 
near the sphere bottom, below the 
reactor.

2. dary missiles:

(a)

(M

Provisions 1(a), 1(c). and 2(a) are depicted on Higure 7.
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This missile shielding design is based on controlling a 
theoretical accident in which the reactor lid, weighing 
50 tons, is torn oti and propelled upward in an explosive 
reactor-rupture accident. involving 20 million B.t.u. of 
explosion energy. (This is about three times the explo
sive energy that would be liberated in a zirconium- water 
reaction involving 255 of the zirconium in the fuel clad
ding if such a reaction liberated as high a fraction of 
explosive energy as a TNT explosion )

Other types of hypothesised severe reactor-rupture acci- 
dents, involving reasonably conccivable combinations of 
conditions, are also being analysed and taken into consi
deration in the missile- protec tion studies. The design of 
missile shielding provisions depends on assumptions as 
to pressure in the reactor at the instant preceding rup
ture. the time course of the rupture-causing event and of 
the rupture. the maximum missile weight, the shape of 
the missile and its orientation in flight, and the proper- 
ties of the materials involved that determine the reaction 
upon impact between missile and shield 1

Turbine explosion missile protection is not needed at the 
Preeden Station: the turbine is outside the enclosure and 
rotates in a plane not intersecting it.

Primary coolant system valves are invariably so located 
that at least approximately 4 foot of concrete are inter- 

valve and enclosure wall.* eliminating any 
potential danger to the enclosure from valve fragments.

* With the exception of certain small valves (8 in. and 
emaller) subject to primary-system pressure. The
ci re
mine what restrictions on dasign. location, oz orien- 
tation are prudent from the mis sile- potential sta W-
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APPENDIX

POWER SUPPLY

The sources of electrical power supply to plant auxiliary power 
syatem, icluding the interior of the enclosure, are as follows:

transformer connected to generator terminals and 
auxiliary transformer connected to the 138- kv
transmission system of Cc onwealth Edison
Company. Either transformer can supply full-

Normal shutdown (also Plant Start-up) power:
From one full-capacity auxiliary transformer 
connected to 138-kv Commonwealth Edison Com
pany system.

B. Emergency Powr Soarc«»

or during post-accident period when the normal shutdown 
power source is not available:

1. 2500-kva substation connected to the 34. 5-kv
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Company. (This is the substation used to supply construe* 
tion power and is larger than actually needed for emergency 
power.)
Approximately 250 kw available from a diesel generator 
located in the turbine building.

C. On* - lJjn* Dia.graxn:

To Streator

■ -7° Kewanee
To Joliet

9 ?
tp [j]

J________1 13* kv bus

( 9M-
Bus 1-2

su-zBs—PuA1=

T
M

Main C 
Gener

TT g
Diesel 

Generator

)

1

Construction 
Substation

T? £
Bui 1-1

2 < 34. 5 kv from 
Joliet

47 it w

"I
M

9),Bui -IB

A

f
I 4*0 Volts

sl-1A

To Enclosure"
9

To Enclosure®
1 - 67 -
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APPENDIX G

PLANT PARAMITEM

(For preliminary orientation only: Subject to modi ft rati on la course 
of detailed design.)

Power Output

Reactor power
Gross electrical output
Net electrical output

626,000 kw
192,000 kw
100,000 kw

Fluid Flow

Coolant flow, forced circulation 
inlet temperature

25, 400,000 Iba/hz. 
505-F

Nuclear Cora

Diameter (nominal)
Height (active)
Total UOz ia core
Sub-assemblies in core, total
Fuel rods in core, total
Zirconium, structural (flow channelm)
Zirconium in clad and fuel-segment 

connectors
Water volume

UO2 volume

10’ 4*
8’10* 

123,672 lbs. 
712
17,004 
8,600 Ibs.

30,600 lbs.

1

Fuel

Type

Density, UO2
UO2 dimensions la fuel rod
Average enrichment
Clad thickness (zirconium)
Fuel-rod mpacing, center to center

Compacted, slate red UO2» 
zirconium clad rods 

90% of theoretical 
0.50 lack a 104 inches 
1.4% ia U235 
0.05 inches 
0.74 inches
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(Plant Parameters, continued)

Control Rode

Total number 
Composition
Normal velocity
Mna
Rod ctroegth (average) 
Withdrawal rate

Heat Truuftr

ity (insertion only)

Average heat flux - at
Maxi heat flux - at rated yow r
Maximum yowr per unit fuel-rod length

40% cadmium, 60% milver
0 inches per mecond
9 feet pez mecond
0. 17% A k
0.01% A k pez second
14.5% Ak

98,000 Btu/hr./sq-ft.
100,000 Btu/hr./uq-ft.
12.9 kw/ft.

Reactor 

inside diameter
Height (ovez-all)
Operating pressure 
shell - ASTM A-302 steel 
Clad . AW 304 ELC steel

12’ 2°
42 feet
1015 pain 
5-1/4 inchem 
3/8 nch

Turbine

Tandem omnd double-flow
192,000 kw at 2. 59 mercury 

absolute, 1800 rpm on
ee tars ted mteam

Generator

Capacity - 245,000 leva at 85% power 
factor. 14, 400 volt, 
hydrogen cooled.

Three-phame, 60 cycle

- 69 - . Y
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(Plant Parameters, continued)

Main Condenser

Type 
Size

Sngle-fow, divide4 box
Approximately 120,000 sq-ft.

Primary Otaam Drum

Size

Secondary Steam Generators

Number
Type Vertical •U"-tube

Feedwater Heaters

Number 10. with 5 extraction points 
Vertical wus - tube

Pumps (Centrifugal)

System

Number Re- 
quired for 
Normal 
Operation

Number of 
Inetalled (Bach^GPM HP

Recirculation
Primary feedwater 
Condensate

Condenser circulation

2

2 
2

0 
1
1 
1 
0

■ 17,500 
1,050 
3, LOO 
1,400 

90,000

650 
1750

3 50 
000 
500

END - 70 -
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