Acces. 74 Box 2

s R
{»E ie GDQH {'}/,5{/(/_/’5 . G
é}‘{'{,? o

LT W0, 52227

‘,J\;\Juhwd JhWGa&_——«

DESCRIPTION AND SAFETY ANALYSIS

FOR A CONCEPTUAL UNIT

T W

AT INDIAN POINT

VOLUME IT

OCTOBER 1, 1965

F}”\

RV R § ';,,

/WW;




. adequate, ;

curve from data I had already calculated covering a period of

’ﬁ,a,, A'u/:\w;f

| NOV-8 1 1955
KARL R. KENNISON | S -
. CIVIL AND HYDRAULIC ENGINE.R : ’
361 CLINTON AYE BROQKLYN N. Y. ‘ .
Mr. G. R, Milne = = Nov. 18, 1955

Mechanical Engineer
" Cons. Edison Co. of N. Y.

4 Irving Place.
New. Ybrk 5, N. Y.

‘Dear Sir H

You have doscribed to me the general features of

the atomic-energy power plant which you, are planning to construct'

_on the east bank of the Fudson River below Peekskill. I under-f
1r‘stand that you wish me to report on such hydrologic features of N
o the site as may affect your plans. |

- From the information that you have ‘made available to

"'gme l-conclude that ‘the most useful information Ivcan give you is

that Which}relatesito the amount and character of the flow in the

- Tiver. At the proposed site the river has a width of about 4500

to 5000 feet, a maximum depth of 55 to 75 feet at less than 1000

i:feet off shore, and a- cross-sectional area of about 165 OOO to

170,000 square feet. Sheet 1. shows 8 number of.cross sections

-‘or the river, plotted rrom the v.s. C.&G. S._charts, at intervals .
" of 1500 feet, from 3750 feet upstream to. 5250 feet downstream -

f';from the proposed plant.

At this site the effect of the tides is all importantj

| and so far outweighs any other consideration that, at least for
'present purposes, the information already available on ‘the day-

'by-day variation of the runoff from the tributary watershed is

o On Sheet 21T have plotted an’ approximate flow-duration,ff




.:obtained.,b

;17 years.

_'An average rate of. about 26000 cfs may ‘be egpected to be : Cn
RS _ L W, exceeded 20 % of the time o
S " s non " 15250 on on ) 40 % L " e
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'5ﬂ7For say 2 % of the time the rate may be as low as 4000. cfs

However as above indicated the ebb and flow of the

'tide is the all important consideration. The river is‘tidal to-

as far upstream as Troy. Its hourly behavior in the tidal range

b,varies throughout its length. The U. S. Coast & GoodeGic Survey

has tabulated a great deal of 1nformation from which a general

' -picture of conditions~off the shore at the proposed site can be

| on Sheet 3 T have plotted the data, as they are ap-
plicable to this particular site, This indicates that ‘the

elevation of the watercsurface is so responsive to the tidal

cycle that the average . rate of flow, or runoff from the tributary

watershed, has relatively 1ittle effect on the velocity past the

site.v I conclude that it is this velocity and the resulting

.volume of flow available for mixing and dilution in which you |

“are primarily interested.; In the limited time at my disposal

I can only draw general conclusions. These may be adequate for

'present purposes. You could pbtain better information by running

a series of tests on surface and sub-surface floats, at varying

"distances off shore, throughont the tidal cycle.

The velocity recorded by the U, S C.&G. S is that in

flmidstream at or near the surface._ In orddr to be on the safe side

in drawing conclusions, I have assumed that 80 % of this velocity

'represents the average vertically from surface to bottom, and

thatvSO % also represents the average horizontally from side to -
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2.4 Land Usage and Population
The land usage within a 5 and 15 mile radius of the_Indian Point Station is

shown on four maps included in this Section. Areas are designated which are served

by public utilities and sewage systems,’showing locatlon of water supplies, and the

land usagé. o \

’

‘The popﬁlation within a 5 and 15'mile radius of the plant site is shown in
Tables ‘I, II, and III. These data are based on the 1960 census and are projected
to 1985 based on increases proporfional to those estimated by the Regional_Plan
Association in Bulletin 100, September, 1962. | |

Regional Plan is a non.profit ci&ic"organization supported by 1500 businesses,
governﬁents and individuals. Special reseaich projects are sponsored by Regional

and National Foundations. The region served by the Association consists of 22

~ counties in New Jersey, New York and Connecticut within roughly a 50 mile arc from

Times Squafe,‘encompassing more than 1400 governmental units. Through Research and

Information Programs, the Association provides govermments and profit organizétions

in the region with data to make decisions on the way land is to be used and on the

‘transportation system to serve it. A development plan on New York and Environs,

fbstered.by the Association since 1929, has now been achieved in most of its fﬁnda-
mentals - in the network of radial and circumferential expressways.of the Region,
in regibnal parks, metropolitan airport and porf development, énd in the substantial
growth of effective municipal.and county planning. The Association is cdnstructing
new guidelines for metropolitan aevelopment to 1985,:based upon several years of in-
tensive research and with the advice and consultation §f regional leaders.

The 100th Bulletin of the Regional Plan Association sketches the way the New

" York Metropolitan Region will;look,in 1985 if present economic trends, popular taste

- and public and corpbraté policies continue. The economic trends are based on the

New York Métropolitan Region Study:("Harvard‘Study”) which was conducted for the

" Regional Plan by the Harvard Graduate School of Public Administration under_the'

direction of Raymond Vernon.,



- Civil Subdivision

© TABLE I
POPULATION DATA

FROM 1960 CENSUS REPORTS

within
5 miles
Westchester County
Bedford (Town)
Mt. Kisco (Village)
Cortlandt (Town) v : 14,587
Buchanan (Village) - 2,019
Croton-on-Hudson (Village) - = 592

Greenburgh (Town) -

Tarrytown (Village)

Lewisboro (Town)

Mt, Pleasant (Town)
Briarcliff Manor (Village)
No. Tarrytown (Village)
Pleasantville (Village)

New Castle (Town)

Mt. Kisco (Village)
North Castle (Town)
Ossining (Town)

Briarcliff Manor (Village)

Ossining (Village) "
Peekskill (City) 18,737
Somers (Town)

- Yorktown (Town)

TOTAL . 35,935

Putnam County

Carmel (Town)
" Mahopac (Unincorporated)

" Kent (Town)

Fhilipstown (Town) . 986
Cold Spring (Village) ‘
Nelsonville (Village)

Putnam Valley (Town)

TOTAL S . 986 .

Dutchess Courty R

Fishkill (Town)
TOTAL

Population

2.4-2 ’

Population
within
15 miles

8,050
6,805
17,505
2,019
6,812
1,267
7510
417
16,670
55105
8,818
5,877
10,163
6,805
680
2,967
- 5,105
18,662
18,737
4,921
164453

171,348

5,468
1,337

654
4,932
2,083

555
3,070

18,099

1,181
1,181
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TABLE I (Continued)
- POPULATION DATA
FROM 1960. CENSUS REPORTS
Civil Subdivision ' ‘ Population Population
. within within
5 miles 15 miles
Rockland County . ' ' - _ -
Clarkstown (Town) | 32,487
Upper Nyack (Village) 1,833
Haverstraw (Town) 6,769 16,632
Orangetown (Town) . | 15,649
Nyack (Village) ' - 6,062
So. Nyack (Village) ‘ 3,113
Ramapo (Town) ' : 19,797
Hillburn (Village) : 279
Sloatsturg (Village) . 1,923
Sp. Valley (Village) 6,538
Suffern (Village) : ' 3,821
Stony Point (Town) : : 5,482 - 8,739
TOTAL ' . 12,251 116,873 .
Orange County " o - '
Blooming Grove (Town) 2,518
Washingtonville (Village) - 393
Chester (Town) : ’ 349
Cornwall (Town) 4 8,094
Cormwall (Village) ' 2,785
Cormwall Southwest (Unincorporated) 2,824
Highlands (Town) - 1,865 11,990
Highland Falls (Village) ' 4,469
Monroe (Town) _ : 5,965 .
Harriman (Village) 718
Monroe (Village) : - 3,323
New Windsor (Town) - ' 1,985
New Wirdsor (Unincorporated) o b, 01
Tuxedo (Town) 2,227
Tuxedo Park (Villags) . 723
Woodbury (Town) S ' 2,887
Harriman (Village) : 34
TOTAL 1,865 555325
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TABLE II :
PREDICTED FOPULATION .
County - Population within Population within
' : 5 miles 15 miles

1965 . 1980 1965 1980
Westchester 39,533 51,970 188,504 247,809
Putnam ‘ '1,233 3,389 . 22,624 ‘62,215'
Dutchess 1,342 2,047
Rockland - 15,201 30,40k 145,025 290,050
Orange 2,078 3,142 - . 61,639 93,211
Bergen _ 106 127
‘TOTAL 58,045 88,905 419,240 695,459



| TABLE IIT ",25“f5.
POPULATION DATA AND PREDICTED POPULATION
Population withiﬁ 5 miles
county 1960 1965 1o 1975 1980 1985
Westchester 35,935 39,533 4,197 48,195 51,970 54,857
Putnam 986  1.233  1.849 2,865 3,389 4,160
Rockland 12,251 15,201 19,087 27,721 30,hoi 31,298
Orange 1,865 2,078 2,382 2,737 3,142 4,004

TOTAL 51,037 58,045 67,515 81,118 88,905 94,319

Population within 15 miles

County 1060 1965 = 1970 - 1975 1980 1985
Westchester 171,348 188,504 210,743 229,805 247,809 261,576
" Putnam 18,099 22,624 33,936 45,247 62,215 76,355
Dutchess 1,181 1,352 1,543 1,778 2,047 2,349
‘Rockland 116,873 145,025 209,006 264,457 290,050 298,581 -
Orange 55.325 61,639 70,660 81,183 - 93,211 118,768
‘Bergen 92 106 16 124 - 127 131
TOTAL 362,918 k19,240 526,004 622,594 695,459 757,760

1960 figures for Westchester, Putnam, Dutchess, Rockland, and Orange
Counties are from 1960 Census Raports.

1960 figures for Bergen County are based on a count of 23 residences within ’

‘the area concerned, as shown on U, S. Geological Survey Fark Ridge 730

quadrangle, revised 1955, and multiplying 23 by 4 to obtain 92.

Figures for later years are based on increases proportional to those esti- :
mated for each county in Regional Flan Association Bulletin 100,
September 1962, "Spread City". No distinction is made between increases

in presently urban areas and increases in presently rural areas,



DOCUMENT/
PAGE
PULLED

ANO 8'/102/0017

NO. OF PAGES /3

REASON |
[0 PAGE ILLEGIBLE.

| [ HARD COPY FILED AT.  PDR CF
OHER

[ BETER COPY REQUESTEDON /. /

[ PAGE TOO LARGE 10 FLM

[ HARD COPY FILED AT POR CF
ORER

[ FILMED ON APERTURE CARD NO ﬁlQ_ZLQQZ7 Ol Thur Ué




~J

205’1

2.5 ngfologz ' /
~ The study on hydrology of IKr. Karl R. Kennison is included. The engineering

staff of Consolidated Edisoﬁ has reviewed its content and has found it still appro-
priate in 1965,.with the exception of the second paragraph on Page 4. In this para-
graph, Mr. Kennison states that "there is no likelihood that in the fﬁture‘any nearer
municipality (than Poughkeepsie, 30 miles or more upstream) will take its domestic
water supply from the Hudson." This paragraph becomes obsolete since in August
1965, New York City authorities have decided to reactivate.the Chelsea pumping
station, lpcated 25 miles upstream from Indian Point.

Maps included in this abplication show the location of water supplies within
a radius of 15 miles from the site. Further description of water suppliés within.
a 20 mile radius can be found in the report "Environmental Factors to be Considered

After an Accidental Release of Radioactivity From the Consolidated Edison Thorium

. Reéctor“ of the Division of Environmental Health Services of the New York State -

Department of Health, April, 1962.
In addition, Consolidated Edison has contracted the consultant firm of Metcalf

and Eddy to'prepare an extensive hydrological study of the site.
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2.6VAEnvirohmental Radioactivity

Environmental surveys of radioactivity in the éicinity of Indian Point Station
wefe begun in 1958, about four Years before Unit #1 began operation, and have con-
tinued as a regular testing program which is reported semi-annually to the AEC,
Docket 50-3. The reports contain tabulations and charts of radioactivity in soil,
water, vegetation, marine life, énd air particulate samples collected:during the.
period of almost eight years. The 1958 report describes the sampling equipment,
sample preparations, and counting methods empioyed in the prograﬁ. |

Each report lists the sampling points for the reporting period and locates these
on a map. The present environmental p?ogram includes continuous sampling of air
particulate and fallout, Hudson River water, and gross gamma background on the Indian
Point site. Surface water from a small lake on the site and drinking water from the
Indian Point tap and neéfby reservoirs is sampled weekly. Monthly samples are taken
from the Hudson River up and downstream from the site, vegetation on the site, marine
life from the river, and water from Indian Point well. Vegetation and soil samples
are taken seasonably and a gross gamma background survey on roads in the station
vieinity is made annually; -

The measurements have shown that operation of Indian Point Unit No. 1 for more
thén three years has had no_perceptible affect on the plant environment. During the
past few years there have been minor changes in the radioactive background, but |

these have been due to fallout from nuclear weapons tests, and not from Unit #1.
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- 8ide, hence that roughly 64 %'represents the average over_the

entire cross section. I have'also assumed that 15 %-of'the total

cross section, or a stretch about five or six hundred feet wide ’

ﬁoff shore, is all that should be used in considering the initial
"mixing or diluting effect In-making this assumption I am govern-
ed to some extent by Hazen's studles relative to the off-shore

",distance of Poughkeepsie's water intake to avoid direct contami-

nation by its sewage. I. have further assumed that the veloclity

- 1In- this off-shore stretch is only 607 of the midstream velocity,

’hence that roughly 48% represents the average over the cross sec-

tion of this off-shore stretch.,:

On Sheet 4 I have shown the result of these assump-

’ltions, which, as ‘above stated, are believed to. be on the safe sideg
in considering the direct effect of mixing or dilution of your .
 wastes., This emphasizes the all-important effect of the tides,

the Quantity available for dilution varying in about three hours

f_from a maximum of eight or ten mi]lion gallons per minute to

"Although you»will have to put up with this variation

“as.far as your continuous cooling water circulation is concerned,

it does point'to the desirabilitv Of.incorporating'in your-design

L a method of controlling the time for the discharge into the cool-

ing water outlet of any and all waste tkat is to any extent radio-_

1active.. I would say that this: should be done in any event for
'l-the drainage from your routine and emergency demineralizers, and
o1t might well be done also for drainage from all areas 1iable to

accidental contamination.l?

- From your estimate of the extent of dilution already
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3.0 FACILITY DESCRIPTION

3.1 DNuclear Steam Supplx System
The Indian Point No. 2 Plant is de31gned to produce 2,758 MWt of heat and 916

MW of gross electrical power. Components of the turbinefgenerator plant, however,

have been designed to permit generation ofnlargervamounts of electrical power,

if the nuclear steam supply system, in the future, should prove to have adequate

margin for suchioperation. The nuclear steam supply system, consisting of a pre-

ssurigzed light-water cooled and moderated reactor and its attendant ‘heat transfer

equipment, is housed within the reactor containment and supported on the foundation

mat. - 4 '

. The system_contains four parallel coolant loops connected to thelreactor vessel,
each lOOp containingla steam'generator'and a:reactor coolant pump. Steam from the
four steam generators is- admitted to the double flow, high pressure turbine cylinder
and exhausts through a moisture separator-reheater, at the exit of whlch the steam
contains approximately 120°F of superheat. The reheated steam is then admitted to
the double'flcw, low pressure turbine cylinders, after which the steam is exhausted
to three condensers, one for each low pressure Section. Condensate is returnedlto
the steam generators'through six stages of regenerative feed-water heating.

The reactor is fueled with slightly enriched uranium dioxide fuel in the form '

of pressed and sintered pellets 0.366 in. in diameter. The pellets are ‘stacked in

0,422 in. OD full length Zircaloy tubes to form an active core, 12'ft. in height.

' Fuel'rods-are'assembled into a square 15 x 15 lattice with a center to center dis-

ténce cf 0.563 in. to make a fuel assembly. The fuel assembly design has a total

of 225 fuel rod positions but 21 selected fuel rods are omitted from this pattern

» to permit the installation of 20 control rod guide thimbles which accept the movable

control rod cluster end one instrumentation location. Lateral support and -spacing
for the fuel rods and control rod guide thimbles are obtained by use of spring clip

grid assemblies welded to the control rod guide thimbles and spaced approximately
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"~ one foot apart. Fuel rods are inserted through holes in the grids, and then end

plates and nozzles are secured to the structure to form the fuel assembly.
One hundred and ninty;three fuel assemblies arevloaded vertically-upon'the
core support structure to form a unlformly spaced, cyllndrical rod- lattice core
with an equivalent diameter of 11. 06 ft. The total uranium dioxide mass is approxi-
mately 189,000 1bs. Use of three U-235 fuel enrichnments is plannedt' |
The fuel elements are arranged in a three region, symmetrical pattern with the
lowest enrlchment in the center'region and the highest enrlchment in the outer
reoion, thereby limiting fuel shuffling at refuellng perlods which are expected to
occur every 12 to 14 months. Use of an 1nward loading arrangement results in cal-

culated average equilibrium fuel burnups of approximately 27,000 MWD per MIU at

the time of fuel removal from the core.

-The core is controlled by a coﬂbination of neutron absorbing control rod
clusters and a soluble neutron poison. Each cluster consists of 20 cylindrical
control rods-fastened together as a unit by means of a-spider-like bracket. The

control rods are fabricated of a silver-indium-cadmium alloy and sealed in stain-

‘less steel tubes. Each: control rod cluster is actuated by a separate drive mechanism"

_ mounted on the reactor vessel head. Exact numbers and distribution of control rod

clusterS‘will be established during later design. It is planned that long;termb
regulation of core react1v1ty will be accompllshed by adJustment of soluble p01son
concentratlon in the reactor coolant system, w1th short-term control for power
changes or trip provided for by movement of control rod clusters. The main thermal-
hydraulic criterion for core design is the specifying of a safety margin between the

conditions which cause departure from nucleate boiling and the normal operating con-

| dition. This safety margln 1s expressed as the DNB ratlo and the reactor control

and protectlon system is de51gned to prcv1de actuation of automatic reactor trip,

to prevent routine plant transient from producing;a DNB ratlo lower_than-1.30. (W-3

correlation)
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The Reactor Coolant System consists of the reactor vessel and four closed‘-
loops coﬁnected in parallel to the reactor vessel. The principal components of
each loqp‘are a steam generator, a circulating pump, loop piping and instrumen-

tation. A pressurizer is connected to one of the loops. Auxiliary system piping

connections are provided as necessary. The Reactor Coolant System flow diagram

~ is shown in Figure 3.1-1.

Dufing full power operation, coolant enters the reactor vessel at a temper-

-ature of 548°F and leaves at a temperature of 600.4°F. Coolant flow is appfoxi-‘

' mately 136.4 million lb/hr.

.Steém is produced in the steam gerierators at a pressure of‘725 psia, dry and

' saturated. Maximum moisture at the outlet is 1/4 of 1 per cent.

. The Réactor Coolant'System éhd its auxiliaries afe designed to acéommodate

10 pef cent step changes in plant load and 5 per cent per minute famp changes over

‘the range’from 15 to 100 per cent of full power subject to Xenon limitations.

Based on experience however, the greater capabilities are to be expected as the

uopefating conditibns'would.probablybnot be as pesimistic as those used for the

design basis. In addition, the turbine by-pass system will accept an instantaneous

40 per centllcss of rated load without feaétor trip by steam dump to the condenser.

The Reactor Cooiant System will accept é complete loss of load from full power with-

out reactor trip and without damage to the plant.

In designing Reactor Coolant Systen components, cﬁde requirements are con-
sidered‘miniﬁum deéign objéctives. Design préssures aﬁd temperatures exceed oper-
atiﬁg pressures and temperature; by #n ample margin., The entire system is hydro-
statically tested before‘initial operation.

The'reactor véssel is cylindriéal in shape with a hemispherié¢al bottom and a

hemispherical removable head. A view of a typical vessel and arrangement of the

"internals is shown in Figure 3.1-2. The body of the vessel is low alloy steel and

.the initial-NDTT oleess than 40°F is the designed target for the reactor vessel.
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‘The lnsidc surfaces in contaci with coolant are clad with appfoximately 5/32:lhch

- Type 304 austenitic stainless steel.  The vessel is deoigned and manufactured in

accordance with the ASME Nuclear Vessel Code Section 11T,
Reactor Coolant System piping is 27% and 29 in, ID stainless steel pipe with
33 in. ID'sections between the steam generators and the.pumps. Ekact.dimensions »
of the pipe and matiog nozileo on-the components will be established in the detailed._
designe. | . | |
Piping is designed and fabricated in accordance with ASA B3l.1l Code for Pressore_
Piping, Section 1, | -
Instrument taps and auxiliary system connections are located for,accessibility.

They'are provided with thermal sleeves, where nécessary, to 1imit thermal stress

-and shocke The piping and other Reactor Coolant System'compohents are.insulatcd<

to minimize heat losses. ‘

Each loop contains a vertical single stage centrlfugal pump of the controlled
leakage type. |

The pump‘employs a'cootrolled leakage seal assembly to restrict leakége along
the pump shaft, and a secondary seal which directs the controlled leakagelout of
the,pump. A vapor seal minimizes the leakagelof-vapor-from the pﬁmp intovfhe'con-.
tainment atmosphere.

The controlled leakage seal is free-running, not ajfrlction type, and some.
small leakage through the primaryvseal is accepted., This leakage is, however,
collectedvand removed from the pomp with very little escape of either liquid or.'
vapor to the reactorfcontainment. 'ThelvaterApasoing through.the'scal is suppliod
by an aﬁxiliary system and'io comparatively cool, crud froo and uncontaminated, -

High pressure woter is injected into'the reactor coolant pumpvbctwoenbthe
impeller and the controllediléakage seal., Part of the flow enters fhé Reactor

Coolant System through a labyrinth seal in the lower pump shaft to serve as a
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buffer to.keep reactor coolant from entering the.upper portion of the pump. The

remainder of the injection water_flows along the drive shaft, through the controlled

"leakage seal, and’finally out of the pump. A very small amount which leaks through

the secondary seal is also collected and removed from the pump.
Each loop contalns a vertical shell and U-tube steam generator. The steam

generators are designed and manufactured in accordance with the ASME Boiler and

‘Pressure Vessel Code, Section III. The U-tubes are Inconel and all other surfaces

in contact with reactor coolant are clad with stainless steel.
Feedwater to the steam generztor enters_just'above the top of the U;tubes

through -a feedwater ring.‘ The water floxs downward through an annulus between the

tube wrapper and the shell, then upward through_the tube bundle where part of it

is converted to steam.

The steam-water mixture from the tube bundle passes through a steam swirl

,Vane_assembly. The vanes impart a centrlfugal motion to the mixture and separate
" the water particles from the steam. The water spillslover the edge of the swirl

~ vane housing and combines with the feedwater for another passage through the steam

ngenerator.

Two prlmary components, a pressurizer and a pressurizer relief tank, are used
to maintain the required reactor coolant pressure during steady state operation, to

1imit the pressure changes caused by coolant thermal expansion and .contraction

. during normal load transients, and prevent the pressure in the Reactor Coolant Sys-

" tem from exceeding the des1gn pressure.

Under normal operatlng condltlons, about one-half of the pressurizer volume

is occupied by water and the other half by steam. The pressurizer also contains

vreplaceable dlrect 1mmersion heaters, safety and relief valves, a spray nozzle,
‘and the 1nterconnect1ng plplng, valves, and 1nstrumentatlon. The electric heaters

" located in the lower section of the vessel pressurlze the Reactor Coolant System by
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keeping the water and steam in the pressurizer at saturation temperature.' The .

heaters are capable of raising the temperature of the pressurizer and contents at

'~ the desired rate during start-up-of the reactor plant.

The pressurizer is designed.to accommodate positiveAand negative surges caused‘
by load transients. . The surge line to the pressurizer comes from the hot leépof a
reactor coolant'loop._»During‘a positive surge caused by a decrease ih}plant load;v
the spray‘nozzle; which is fed from the -cold leg of a coolant loop, oondenses steam
in the vessel so that the pressure will not iucrease to.a value that:would‘actuate-

the power operated relief valves. Power operated spray valves on the pressurizer

© 1limit the pressure during most load transients. In addition, the spray valves can

be operated manually by a switch in the main. control room. A small eontinuous purge .

spray is provided into the pressurizer to aSsure'that the pressurizer liquid is
homogeneous with the coolant and to prevent excess coollng of the spray plplng.

During a negatlve surge caused by an increase in plant load, flashlng of water

to steam and generation of steam by automatic actuatlon of the heaters keep the

pressure zbove the minimum-allowable. Heaters w1ll also be energized on hlgh level
durihg positive surges to heat the subcooled surge water entering the pressurizer.
| Two poﬁer operated relief valves andvthree-code safetv valves are provided to
protect agalnst large pressure surges which are beyond the pressure llmltlng capacity
of the pressurlzer spray. The rellef valves operate to 11m1t coolant pressure to
2350 psia. The safety valves prevent system pressure from exceeding code limitatiohs._
The relief valves are set at a lower pressure in order to minimize operatlon of the
safety valves. The relief valves may also be operated remotely from the central
control room. Each rellef valve has a remotely operated‘lsolation valve.

Steam and water discharged from the safety and relief valves pass to the pres- p“
surizer relief tank vhich is partlally filled w1th water at or near: ambient contain-
ment vessel temperature. The cool water-condenses the»dlscharged steam and‘the con-

densate is drained to the Vaste Disposal System,
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The pressurizer relief tank also provides a means for removing any non-con-

densabié gaseé frbm the .Reactor Coolant System which collect in the presSurizer

veséel. A remotely.operated“vent valve is provided to periodically vent gaseé to

' the‘relief tank and-ﬁhence to the Waste Disposal System.

- The principal design parameters of the reactor core and coolant system are

given in Table 3.1-1.



TABLE 3.1-1

Principal Core & Coolant System Pérameters

REACTOR CORE

" General

Total Heat Output, Megawatts

Heat Generated in Fuel, per cent

Heat Transfer

Active Heat Transfer'Surface_Area, sq.ft.
Average Heat Flux, Btu/hr-sq.ft.
Maximum Heat Flux, Btu/hr-sq.ft.

Maximum Therﬁa1‘0u£put, Sﬁeadykstate kw/ft

Nominal Conditions DNB Ratio W-3 Correlation

Fuel Rod (Cold Dimensions)
- Outside Diameter, in

Clad Thickness, in

Clad Material
Diametral'Gap, in

Pellet Diameter, in

' Fuel Length, (Pellets Only) in

Pitch, in '
Rod Array in Assembly
Rods per assemblies

Total Number Fuel Rods

. Equivalent Core Diameter, ft

Core Length, Between Fuel'Ends, ft

Fuel Weight, Uranium, 1lb

2,758

97 .

52,200

175,600

570,800

18.5
1.81 .

0.422

0.0243

'Zircaloy

0.0074
04366
BT
0.563

15 x 15
204

39,372
11.06

12.0

189,800



. TABLE 3.1-1 Continued

Reactor Coolant System

Number of loops _ | - S

'_Nominalvoporating pressure, psia . o ‘ ‘ 2,250
Design pressure, psia - ' l 2,500-
Design temperature, °F _ | - ._650'

| Reactof»inlet'temperatuie, °F_ - o 548
vReactor outlet temperature, Of - o 6004 .

' Total reactor coolant flow, 1b. per hr. .' . ‘ 136.4 x 106
Total reactor coolant system coolant volume (1n; | '12,209.

~cluding pressurizer), cu.ft.. | ' :
Expected rate of heat-up and cooldown,} F per hr. - | SOleO
Reactor Ve5591. , » - o
viMAterial * ASE 302 GRB - - o -  Low alloy steel,

- 304 stainless steel
clad internally

| Overall length of vessel and enclosure head (in- b2k
* ‘cluding mechanism adapter) ft.-in S
.In51de diameter of shell, in N | - ’ 173
Diameter across nozzles, in - o 245
Nominal clad thickness, in _‘ : : ' o 5/32
Weights, 1b. - | 175,000

Closure head including nechanism adapters
Vessel shell, including bottom head: .' | | 700,000
Reactor Coolant Punps‘ |
Type o | v . ‘ :" _ - Vertical, single stage

radial flow with bottom
- suction and horizontal

discharge
| Design'capacity, eéchvgpn ' ' . | o 190,500 -
Design head, ft. | S 280
‘Operating pressure, psia : S o 2,250
Suction teméeraturc, op . V '__ _ | 548
Motor type - - j | . AC, induction, single

speed



TABLE 3.1-1 Continued

Steam Generators

Type

.0perating pressure, tube side, psia

Design pressure, tube side, psia ,

. Tube material

Coolant flow, each, 1lb, per hr. 2‘
Coolant inlet temperature, °F
Coolant outlet temperature, oF

Shell 51de full load pressure at outlet, psia

: Fhll load steam temperature at outlet, °F

Full load steam flow each, lbs. per hr. »

" Maximum m01sture at outlet (fuld load, per cent)

Shell side design pressure, psia

Pressure Control Compgnents

Pressurizer

lOperating pressure, psia

Design.oressure, psia
Desigh temperature, °p

Material’of construction

Overall height, ft.
Inside diameter, lna
Total internal volume, cu.ft.

WEter volume, normel operation, cu.ft.

‘Steam volume,'norhal operation, cu.ft.

Type of heaters’

Pressﬁrizer Relief Iank'.

Iotel volume, cu.ft.

'Normellwater volume, cu.ft.

3.1 x 10

Vertical U-tube with
integral steam drum

. 2,250

2,500

. Inconel

6

6004

548.0

725

57
6

14

1,100 -

2,250

2,500

" Carbon Steel, stainless

‘steel clad internally
45 |
83

1,600

800

800

Direct immersion

1,500

700



TABLE 3.1-1 Continued

Normal water température, °F

Design pressure, psia

120

115
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3.2 AUXILIARY SYSTEMS |
In addition to the reaétér coolant system described in Section 3.1, auxiliary
syétemé are provided for the operation of the plant. Description of these systems

and their functions are given below.

3+2.1. Chemical and Volume Control System

The chemical and volume control sjstem maintains the proper:water
inventory in the'feactor coolant system, adjusts the concentration of chemical
neutron absorber, reduces the concéntration of fission pr&ducts and corrosion
prodhcts in‘the reactor coolant, maintains the‘proper concentration of'cogrosion
inhibiting chemicals in the reactor coolant and provides the seal water circuit for
the reactor céolant pumps.‘ The system is also used to fill‘and hydrosfatically |
test the reactor coolépt system. | |

- The chemical and volume control system flow diagram is shown in

_ Figure 3.2-1. The regenerative heat exchanger, the excess letdown heat eXchahgéf,'

and the charging and letdown line isolation valves are located within the reactor
contaimment. The mixed bed demineralizers, the spent fuel pit demineralizer and the

reactor coolant filter are located in the ion exchanger pit. The letdown orifices |

_ are located in the pipe tunnel immediately outside the feacto: containment.. A1l

other system equipment is located injthe primary auxiliary building. This system
also utilizes the deborating demineralizers of thg waste diSposal system,

During plant operatiop, réacior coolant is drawn from the cold leg of
loop 1 of the reactor éoolant system and returnéd to the cold leg of loop 2; Each
of these connections to the feactor coolant system ié provided with an isolation
valve located close to the loop piping. In addition, a check valve is provided
upstream of the chafgiﬁg line isolation valve. |

Reactor coolant entering the chemical and volume coﬁtrol s&stém flows

through the shell side of the regenerative heat exchanger where its temperiture
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isireduced and then flows out of the reactor containment into the pipe tunnel where
ito*pressure is reduced by the letdown orificos. The cooled, low pressure water
then enters the primary auxiliary building where it undergoes a second temperature
reduction in the tﬁbe side of the non-regenerative heat exchanger followed by a
second pressure reduction by a low-pressuro letdown valve. After passing through
one of the mixed bed demineralizers, the coolant flows through the reactor coolant
filter and enters the volume control tank through e spray nozzle. The vapor space .
in the volume control tank contains hydrogen which dlssolves in the coolant. Fission
gases present are strlpped from the coolant and removed from the system by venting
the volume control tank to the wnsto disposal system prior to a cold or refueling
shutdown. |

From the volume control tank, coolant flows to the charging pumps
which raise its pressore above that in the reactor coolant system. Coolant then
flows from the primary auxiliary bulldlng to the reactor containment along two
parallel paths. One path returns to the reactor coolant system through the tube 51de
of the regenerative heat exchanger. Coolant following the\othor path either returns
to the reactor coolant system”through the reactor coolant pump labyrinth. seals, or
it returns to the volume control tank through the reactor coolant pump controlled
leakage seals, the seal water filter and the seal water heat exchanger.

. During normal operation, letdown flowlthrough the regonerative heat
exchanger exceeds charging flow by the quantity of coolant injected through the
reoctor coolant pump labyrinth seals. The low pressure letdown valve.automatically
maintains suffioient pressure in the letaoﬁn piping to prevent flashing of coolant
downstroam of the letdown orifices. If for some reason, the normal letdown and
charging path through tho regenerative heat exchgnger'is not operable, water
' injected through the reactor coolant pump laoyrinth seals is returned to the

~volume control tank through the excess letdown heat exchanger.
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Makeup to the reactor coolant systeh is provided by-the chemical and

a.

b.

Ce

de

€.

~ volume control system from the following sourcess

The demineralized water supply provides demineralized water
when the concentration of boron is to be reduced,

A boric acid tank supplies é concentrated boric acid solution
when an increase is required in the concentration of boron or
forvshutdown operations. | |
Demineralized water and concentrated bofie acid are blended to

match the reactor coolant boron concentration for normal plant

‘makeup,

The refueling water storage tank supplies borated watef for
emergency makeup.

The chemical éddition.tank_supplies small quantities of hydrazine
or pH control solutions. Solutions are flﬁshed out of the iank

with demineralized water.

Concentrated boric acid solution used for leakage.makeup or for

.increasing the reactor coolant boron concentration can be pumped from the boric

acid tank into the volume control tank or charging pump suction header by eithefl

or both boric acid pumps.

3¢2¢2 Auxiliary Coolant System _
The auxiliary coolant system provides cooling for the foliowing heat

‘sources:

1.

S,

The reactbr.coolanf pump thermal barriers and bearings (reactor
coolant systém)' | | |
The saﬁple heat exchangers (sampling system)

fhe reactor coolaﬁf letdown flow (chemical and volume.control

system)



6.
.7.

' 3.2.4 

' The seal water heat exchanger (chemical and volume control system)

The reactor cooclant Syétem (residual and sensible heat during

| plant shutdown)

The spent fuel pit (residual heat)
The‘reciréulation flow (residual and sensible heat in the event

of a loss-of-coolant accident)

'The system consists of three ldops:. 1) the component cooling loop;

2) the residual heat removal lobp; and 3) the spent fuel pit cooling loop. The

.process‘flow diagrams'for the system are shown in Figures 3.2-2 and 3.2=3.

Component Cooling Loop

~ The component cooling loop is an intermediate barrier between the

reactor coolant and the river water. The component cooling water flows through

the reactor plant heat. sources and then through fwo component,cooling.heat eX-

changers where the heat is transferred to the river water; This double barrier

arrangement reduces the probability of any leakage of radioactivity into the

river cooling water,

Component-cooling‘water removes heat from the following:

1.
2.

3.
b,
5.
6.

7o

Reactor coolant pump bearings and thermal barriers

The sample heat exchangers

- 'The excess letdown and non—regene?ativevheat exchangers

The reactor cdolgnt pump seal water heat exchanger
The spent fuel pit heat exchanger

The residual heat exchéngers

Residual heat removal pumps

The'cpmponent coolant flows from the cohponent cooling pumps, through

the shell side of the component'cooling heat exchangers,.through the components

being cooled, and back to the pumps;' River water flows through the tubes. The

surge tank is connected to the suction side of the component cooling pumps. Makeup

“/
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water is supplied to the loop near the surge tank. All components in the component
cooling loop are located w1thin the primary auxiliary building with the exceptlon

of the coollng lines to the excess letdown heat exchanger and the reactor coolant

)

punps.

i

During normal full power operation, one component cooling pump and’

’
/!

one component cooling heat exchanger accommodate the heat removal loads, The
standby heat exchanger provides 100 per cent backup during normal operation.
Operation of both componentvcooling heat exchangers is required for removing
residual and sensible heat during a normal plant_shutdown. Failure of one of
these coﬁponents increases the time requlred to shut down the plant but does

not affect the safe operation of the plant.' The surge tank accommodates surges

' resultlng from component coolant thermal expansion and contraction and accommodates

water which may leak into the system from components which are being cooled. The
surge tank also contains sufficient water to insure continuous component cooling
water supply until a leaking cooling line can be isolated.

Residual Heat Removal loop |

The normal functions of the residual heat removal loop are to:
1) remove residual heat from the reactor core durlng shutdown; 2) reduce the
temperature of the reactor coolant system durlng the latter stages of plant
cooldown; and 3) transfer water from the refueling canal back to- the refueling
water storage tank after a refueling operation. Additional functions of the
1oop after a loss-of—coolant accideht'arez 1) automatically supply water to
the safety 1njectlon system (core deluge), and 2) cool and reolrculate through
the residual heat exchangers and back to the reactor coolant system, water which

has spilled into the reactor pump.

During plant shutdown, reactor coolant flows from the reactor coolant

~ system to the residual heat removal pumps, through the tube side of the r851dual
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heat exchangers and back to the reactor coolant system. ‘The inlet line to the
residual heat removal loop starts at the hot leg of loop 1 and the return line

comnects to the cold leg of loop 2. Both heat exchangers are used to cool the

‘water circulated during the latter phase of safety injection system operation.

The heat loads are transferred by the residual heat exchangers to the component

cooling loop. The heat exchangers and pumps are located in the primary auxiliary '

" building.

Spent Fuel Pit Cooling Loop
-The spent fuel pit cooling loop removes residual heat from fuel
stored in the spent fuel pit. The pump draws water from the pit, circulates it
through the heat exchanger, and returns it to the pit. The heat exchanger is
cooled by the component cooling loop. A portion of the»flow passes through a B
demineralizer and filter as required to maintain the spent fuel pit water purity.
To maintain a clean water surface, ‘a Spent fuel pit skimmer loop
consisting of a skimmer, a strainer, a pump, and a filter is prov1ded. The pump
suction is at the water surface. Demineralization or cooling is.not:accomplished
in this loop. |
3.2.3 Sampling §xstem
| 'The sampling system isvdesigned to provide fluid'samples for laboratory
analysis to evaluate the reactor coolant chemistry and radiochemistry conditions. |
Evaluation of the’ analysis prov1des guidance in the operation of the
reactor coolant system end the chemical and volume control system. Typical of‘the
analysis performed on such samples are reactor coolant boron concentrations,

fission product radioactivity levels, dissolved gas content, and corros1on product

: concentration. The sampling system is operated manually' on an intermittent basis. ,

The sampling system shown~in Figure 3.2-4’includes_the.following
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l. One delay coil _

2, Two sampie heat exchangers

3. One_sample #essel station-

b, One sanpiing.sink

5, Associated piping, valves and instrumentation

The delay coil and several sample lines with valves are located in

the reactor containment. Other system equipment is located in the sampling room,

"and in the radioactive valve room.

"Tﬁo_types of samples are obtained: high tenpenature,ﬂhigh pressure-‘
reactor coolant system samples from inside the reactor containment; and low
temperature, low preSsurevsamples fromvthe chemical anddvolume control system.'
Tne'feactor>coolant‘system samples are: | -

‘1. Hot leés of two loops |

2.i Pressurizer steam

3. Pressurizer water

In addition hot samples can be taken from the residual heat removal
loop in the auxiliary coolant system. . | _ | o

|  Chemical and volume control system samples and their points'of_erigin .
ares. i | | R _ | o

8o A denineralizer inlet sample taken Jjust doﬁnstream‘of the low

'pressure letdown valve.' | | | | - -
b. A demineralizer outlet sample taken Just downstream of the
'-demineralizers. _ » |
Ceo »A make-up solution sample taken Just downstream of the boric '
| acid blender. 3‘ - s
d.. A ges sample<takendfsom;tne volume‘control‘tank gas space. _
All sample lines terminate in a hooded sampling sink located in the hot |

laboratory in the prima:y auxiliary building.
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3.2.4 Disposal System
The waste disposal system consists of equipment to receive, process,
store and diSpoSe of radioactive wastes from the reactor systems. This‘equipment,
is located in the auxiliary building‘with the exception of the large storage tanks
for waste and reclaimed liquid which are loéatea outside.

Figure 3.2-5 shows the provisions made for collecting and treating

‘ radiocactive wastes.

The principal radioactive waétes are the fission producﬁs from the
reactor cbre and the corroéion'products in the reactor.codlant water. Boron
dilution liquid is also handled by the wasie disposal facilities.,

| Liquid Weste

The major source of_radio#ctiva liquid waste evolves duiing the

process §f'decreasing the réactor coolant_boron céncentration during plant startup

and during full power operatidn. At high boron concentrations, waste liquid is

‘handled by concentration and reuse and at low boron concentrations the boron is

removed by ion exchange. Radioactive water discharged from the reacfor coolant
System'and its auxiliary systems flows to one of the stainless steel waste holdup
tanks. A high tank level starts one of the gas stripper feed pumps which transfer

the liquid to the stripper evaporator_train.

Provisions are made to transfer spent ion exchange resin flush water

~ as well as water from the spent fuel pit and the refueling cavity water storage

tank to the waste hoidup ténk. The quantity of water disposed of’from these
sources is small.

| Floof drainage,‘samples exposé¢ﬂto air, and drainage generaliy not
considered to be radioactive -are deliveredAfrom the sump tank ﬁp fhe spent regenerant
chemicals holdup tank fof sampling and analysis. quuids having a suitably low -~

activity are pumped from this tank and released to the Hudson River by mixing with



“the condenser circulating water discharge. After mixing, the condenser circulating

.. water discharge activity levels will be below 10CFR20 limits.

Radioactive liquid uastes are processed in an evaporator gas stripper

‘train which concentrates the fission and corrosion products in the bottoms ‘and

strips the hydrogen and radioactive fission product gases from the liquid. The
evaporate concentrate is pumped through ion exchange beds and a filter and stored :

for reuse in the chemical and volume control system.
_ . Spent resins are stored for decay in the spent,resinvstorage tanks

prior to drumming for shipment. When necessary, drums are stored on site until
decay has reduced the activity to meet ICC requirements for common carrier shipment..
Water recovered from the evaporator stripper train is pumped to the monitor tanks _
where it is sampled and analyzed to determine acceptability for re-nse as reactor
make-up or discharged to the condenser circulating water discharge.'

The evaporator capacity is sufficient to process all liquid expected

during normal power transients. The waste holdup tanks, together with the deborating

~ ion exchangers, provide'sufficient liquid storage capacity for two consecutive_startups

and shutdownsvduringimost of plant life,
Volatileiwaste

Hydrogen gas and radioactive fission producttgases; such as xenon and

| krypton, are removed from the reactor coolant in the stripper evaporator train

during normal operation as & result of - feed and bleed operations.' Smaller quantities

~of hydrogen and fission product gases are accumulated from radioactive-system and

uaste tank vents. - A _ _
The evaporator waste holdup and other wast disposal tanks are connected
to gas compressors which pusp into'gas decay tanks. After an appropriate decay

period, and when meteorological conditions are suitable, gases are diluted with

air monitored fro activity level and discharged to the atmosphere through the
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gas.vent pipe;
 Solid Wastes
Combustible solids, such as removable floor. covering cloths ueed for
decontamination and contaminated paper, are conpressed by a hydraulic baler, The:
:bales are subsequently shipped off-site for diaposal. Ir shielding of the baled
uaste is necessary;'tho bale is placed in a 55 gal. steel‘drun'and concrete noured
around the bale, - The concrete is. allowed to solidify before the drum is shipped.

Spent ion exchanger resins are enclosed in_concrete shipping cases

- for disposal.

Gaseous Discharges'
Discharges ofvradioactive gaseous wastes from the plant to the environment

are made'via a vent system-located on top of the reactor containment building. A

| -preliminary evaluation has been performed to estimate the maxioum off-site exposures

which might result from the expected maximum releases from the plant.

The evaluation assumed an elevated release but a conservative model'was

f used to 1ncorporate the effects of down draft in the building wake in reducing the

~ large dispersion normally associated with elevated stack releases. The results of

the evaluatlon have shown that’even under the most adverse conditions, the maximum

~ expected off-site concentrations are below the 1imits of IOCFRZO. '

_ Fuel Handling System

- The reactor is refueled with equipment designed to handle the spent.

fuel under water from the_time it‘leaves the reactor vessel until it is placed in a
" cask for'shiément'from the site. Underwater transfer of spent fuel srovides an
'effective3 economic'andvoptically transparent radiation shield, as well as a reliable
--cooling nedium‘fOrfremoval of decayﬁheat.- Boric acid is added to the water to

‘insure sub-critical conditions during refueling.
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The Fuel Handling Systam mayvbe'generally diyided intoltmo areas:
the reactor cavitvahich is flooded only during plant shutdownlfor‘refueling and
the spent fuel:pit which is kept full of water and is always accessible'to operating
personnel. These two areas are connected hy the Fuel Transfer System consisting of
'-an underwater conyeyor that carries the fuel through an opening in the plant
contairment, N '

- In the reactor cavity, fuel is removed from the reactor vessel,
transferred through the water and placed in the fuel transfer system by a manipulator
crane, In the spent fuel pit, the fuel is removed from the transfer system and
placed in storage racks with long manual tools suspended from an overhead crane..

The pit is designed to accommodate a total of 1 and 1/3 cores; it has space for
'_the normal ‘storage, a spen 1/3 core during its decay period and the forced unloading
"-or a complete operating core., After a sufficient.decay period, the:fuelris removed
from storage and loaded into alshipping cask for removal fromlthe site, o
New fuel assemnliesrare received by rail or truck and stored in the new
fuel_storage'building.- New fuel is delivered,tovthe reactor hy.loweringiit into_the
spent fuel pit. and taking" it through the transfer system. Alternatively the fuel
may be taken through the reactor containment equipment hatch and lowered directly
into the reactor cavity. The new fuel storage building is sized for storage of the :
fuel assemblies and control rods normally associated with the replacement of one-third |
of a core. | | | : | .
‘A'general view of the Spent.fuelistorage pit is-shcwn.on‘Figure 3.2-6

and a schematic diagram of the fuel transfer system is shown on Figure 3.2-7.
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3.3 Station Electrical

3.3-1

| The auxiliary power distribution system for the Indian Point Unit No., 2 is
essentially the same as that used in present day conventional plants. Two large
auxiliary transformers supply power at 6. 9 KV. One transformer, designated the
unit auxiliary, is fed directly from the generator output. The other transformer,
designated the station auxiliary, is supplied from the 138 KV Buchanan Substation.

6900 Volt System

o During startup, shutdown and hot standby, auxiliary power is supplied from the

- Station Auxiliary Transformer. When the generator is synchronized to the 345 KV

_system, auxiliary power is supplied primarily by the Unit Auxiliary Transformer. A

small portion of the auxiliary load, the motor driven boiler feed water pump and two'

,6900/“80 auxiliary transformers, remain on the Ststion Auxiliary Transformer at

all times, The Station Auxiliary Transformer supplies two 6 .9 KV bus sections
(Nos. 5 and 6) through 2000 ampere, 500 MVA air circuit breakers. The Unit Auxiliary

Transformer supplies 6. 9 KV bus sections Nos. 1, 2, 3 and &4 through 2000 ampere,

. 500 MVA air circuit breakers.,'

The 6. 9 KV bus section No. 5 can be connected to either 6 9 KV bus section

_vNo. l or No,. 2 by a 2000 ampere, 500 'MVA air circuit breaker. In a similar

manner, the 6.9 KV bus section No. 6 ean be connected to either 6 9 XV bus section

No. 3 or No. . h All major auxiliaries above approximately 300 HP are supplied from A"

‘the 6 9 KV switchgear by 1200 ampere, 500 MVA air circuit breakers. These auxiliaries

are supplied primarily from 6 9 KV bus sections Nos. l, 2, 3 and 4 when the

_ generator is synchronized to the 3#5 KV system.jvv

Each of these bus seetions supplies one reactor coolant pump and other

vauxiliaries as shown on the main one line diagram, Figure 3. 3-1. In addition to

the segregation of ‘the four reactor coolant pumps, the remaining auxiliaries are



- 3.3-2

also divided betweenrthe four 6.9 KV buses to provide a high degree of diversity

- and to minimize the possibility of plant trip due to loss of one 6.9 KV bus.

After a reactor or turbine generator trip, the necessary auxiliaries on 6, 9 KV
bus sections 1, 2, 3 and.ﬂ are.transferred»automatically to 6.9 KV_bus "‘
sections 5 and o'by a dead transfervmonitored by voltage relays which allow transfer

after the residual bus voltage has decayed to about 33% of normal. This'transfer time

t is on the order of two seconds 8o that the transfer will be completed before the

reactor coolant pumps have begun to slow doun.

480 Volt sttems | ,

~ Motors between 100 and 300 HP are supplied by b80 volt switchgear. This
480 volt system consists of four bus sections designated as Nos. 2 3, 5 and.6.
Each section is normally" supplied by a 1500/2000 KVA ventilated, dry type ‘ |
6900/480 volt transformer. The transformers are numbered to correspond with'the
bus section they supply. | | | .

Two of these 6900/480 volt transformers (Nos. 5 and 6) are normally supplied

by the 138/6 9 KV Station Auxiliary Transformers Nos. 5 and 6. These bus sections

normally supply most of the engineered safeguards equipment and are left on ‘the out-
side source of power to avoid subjecting them to a transfer at the time that they

may be called upon to operate, Complete duality of supply to engineered safeguards

,equipment is maintained, however, additional equipment which may be called upon to

operate is supplied from 480 volt bus sectlons Nos. 2 and 3 which can ‘be connected

to bus sections Nos, 5- and 6 if required,

The 6900/480 volt transformers Nos. 2 and 3 are fed from bus sections Nos. 2

~and 3 of the 6900 volt bus systenms, and normally supply 480 volt bus sections

‘Nos. 2 and 3, The buses can be interconnected by electrically operated tie

breakers in ¢ case one of the normal 6900/#80 KV transformers is out of service.

'Interlocks prevent energizing a bus section from more than one source of power )
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to stay within sw1tchgear rating.
Three of the 480 volt bus sections (Nos. 3, 5 and. 6) can each also be supplied

by an automatic starting diesel generator which will act as a back up to the nonmal'

source of supply to the bus section. It the normal AC supply to 480 volt. bus

section 3, 5 or 6 is lost, a diesel connected to ‘that section will automatically

-start and energize ‘the bus. If the supply of 480 volt bus section No. 2 is lost

“.it can be interconnected to one of the other 480 volt bus sections.

For loss of all normal AC power to the 480 volt bus sections, the tie breakers
between the sections allow any of the four to be supplied by diesel generators.
The diesels will be sized so that any two of the three dlesels will have sufficient |
capacity to supply the engineered safeguards load required for an acceptable
postfblowdown containment pressure tran51ent.
c‘.The four 480 volt busisections which supply»power to the engineered~safeguards

‘equipnent have alternate sources of power to provide assurance of operation under

- rall conditions.

l. A1l four buses can be supplied from the 138 KV Buchanan Substation
2. Three buses ean be supplied directly by automatically starting diesel
generators

3. A1l buses could be interconnected by tie breakers



'accomplished in the demineraliaer waste'overflow,iI trust youx.

.ican‘get an approximate figure forithe.dilution that may result
An the river off shore,'and'can compare"this with what you'may‘

t_find necessary or desirable for adequate protection of fish 1ife

or of the fish eating public.

As far as the Bffect on public water supplies 1s con-

cerned, the use of the Hudson Rlver for water-supply, other . than

| condenser cooling, is'very limited., The nearest'municipalityv

involved 1is Poughkeepsie,'so miles or more upstream,.and even at

that distance threatened_at3timestwith the problem of sallinity.

-_There'is no likelihood'that in tre future any nearer municipalityl

will ‘take its domestic water supply from the Pudson. In fact
the tendency is the other way, and the more remote municipalities

of Catskill_and Hudson have abandoned earlier-supplies taken from h

'the river.

" As far;as'the effect on_ground water 1s concerned,

: you'have acquired an ample area of surrounding land. 'I can see

‘no possibility of any deleterious effect.

I trust that this 1nformation which I have assembled

in the 1imited time .avail-ab_le will be helpful to ydu. If from

‘these apprcximate figures there appears to be any question as to

the adequacy of the safety factor in dilution, you may, as above |
stated, require additional information from float tests. =

- From what you have told me about your. proposed de-

signs and methods of operation, I suspect that there is no real

‘question of safety but only one of public relations - the avoidance‘

of even the appearance of danger.

Very truly yours, :
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b.0-1

4._ ENGINEERED SAFEGUARDS :

4 0 General

Five types of engineered safeguards are included in the design of this facility,

These are:s:

1.

2,

- .

5

The safety 1nJection system which injects water 1nto both the hot leg

and cold leg of each reactor coolant loop. This system limits damage

to the core and limits the energy released 1nto the containment

following a loss of coolant accident.

The containment spray system which is- used to reduce containment

pressure and remove elemental 1od1ne from the containment atmosphere _

by washing action.

A steel- lined, reinforced concrete reactor containment vessel with

-pressurized penetrations and testable welds which forms a v1rtually

leak-tight barrier to the escape of fiss1on products should a loss"

of coolant oceur,

The air recirculation filters which provide for rapid removal of :

1od1ne from the containment atmosphere if fission products are

»released from the reactor.
-The air recirculation coolers which reduce containment pressure
-following the loss of coolant. Air is recirculated through these

1coolers by the same fans which circulate air through the air recir- 3

culation filters.;



balel

B Safety lgjeotion §ystem

S h.1.1 Performance Objectives ' : : o '>: _ . _. \
| The primary purpose of the safety injection system is to supply borated

" water to the reactor coolant system to limit fuel rod cladding temperatures in the .
.unlikely event of a loss of reactor coolant. The system also provides a means of
'manually introducing borated spray water in the containment as a backup for the

 air recirculation cooling system, described later in Section L.u

With normal‘AC'power available, operation of the entire'safety injection

'vsystem prevents any melting of fuel cladding and limits metal-water reaction to

essentially zero for reactor coolant piping ruptures up to and including the diameter

of the largest pipe connected to the coolant.loops (the pressurizer surge line or

,-the residual heat removal lines) or the rupture of an injection line.

For the situation when normal AC power is not available, on-site emer-

' gency power is provided. The pumping capacity available With emergency power will

ensure long-term removal-of core residual heat and any metal-water reaction energy.

‘.An acceptable, post blowdown, containment pressure transient is assured by the com-

bined operation of the safety inJection system and the containment a1r recirculation
coolers. |

'i 4 1.2 Description
The principal components of the safety 1njection system which prov1de

emergency core cooling are three high head safety inJection pumps,. the two charging
pumps of the chemical and’ volume control system and the two low head res1dual heat

removal pumps of the auxiliary coolant system.' These pumps are all‘located in the

.‘primary auxiliary building and take suction directly from‘the refueling water storage

tank 1ocated adjacent ‘to the prlmary auxiliary building.

The safety injection pumps refill the reactor vessel by way of the

,reactor inlet piping, assuring core cooling by restoring water level to a point

. above the top of the core, The safety injection pumps discharge into each of the

four cOld legs of the reactor coolant plping. Flow from these pumps is augmented _
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by the charging pumps which discharge into one of the four loops. .

‘Theiresidual heat removal pumps deliver horated’water to the reactor

| vessel above the core, providing an immediate cooling effect, These pumps dis-

charge into each of the four hot legs of the reactor coolant piping.

The residual heat removal pumps can also take suction directly from
the containment sump. The safety injection and charging pumps can take suction
from the containment sump via the discharge of the residual heat removal pumps.

Two separate pumps, manually activated, are provided-for containment

spray. These pumps are also located in the primary auxiliary building and can

. take their suction directly from the refueling water storage tank or from the con~

tainment sump via the discharge of the residual heat removal pumps.

The safety injection system arrangement, including both emergency core

'cooling and containment spray, is shown on Figure bola 1.

Safety injection (emergency'core cooling) is actuated:by coincidence of

1ow pressurizer pressure and low pressurizer water level. These coincident signals

" open the safety injection system isolation valves and start the high head safety

injection pumps and low head residual heat removal pumps. Under conditions of 1ow
pressurizer pressure and water level, the charging pumps would already be running.

In addition to opening the isolation valves and starting the pumps, the- safety in-

- Jjection signal shifts.the suction of the charging pumps from the volume-control ‘tank
" to the refueling water storage tank. Suction for the safety injection pumps and the

' residual heat removal pumps is already from the refueling water storage tank when

the reactor is in operation.

After the reactor coolant System has.been.cooled and depressurized, :
coolant.spilled from the break is cooled'and-returned to-the-reactor,coolant'system"[
hy the auxiliary coolant system. o | o |

In this mode of operation, the residual heat removal pumps take suction ‘
from the reactor containment sump, c1rculate the spilled coolant through the residual
heat exchangers and’ return the coolant to the reactor._ The safety injection pumps B

may be used to augment the head capacity of the residual heat removal pumps in re-
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turning the spilled coolant to the reactor.
The emergency core .cooling portion of the safety injection system may

, be tested for proper operation at shut-off head any- time when the reactor is hot

and pressurized. Lines connecting each of the safety injection branch lines to the _

_-refueling water storage tank are used periodically to recirculate the safety in-

jection piping contents to ensure that water in the safety injection piping contains

- the same boron concentration as the water in the refueling water_storage tank.,

The containment spray pumps can be tested at any time during reactor
operation. The valves at the discharge of the spray pumps will be closed for this
test, and refueling water will be recirculated from pump discharge back to the re-.

fueling water storage tank.
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4, 2 Reactor Containment

4;2 1 Performance Objectives

" The reactor containment completely encloses the entire reactor and reactor.
coolant system and ensures that an acceptable upper 1im1t for leakage of radioactive
materials to the environment will not be exceeded even 1f gross failure of the reactor

coolant system were to occur. The structure provides adequete biological shielding

' for both normal and accident 51tuations.

The.design pressure of the containment is at least equal to the peak
pressure occurring as the result of the complete blowdown of the reactor coolant
through any rupture of the reactor coolant system up to the hypothetical severence

of a reactor coolant pipe. In addition, ‘the design pressure will not be exceeded

.during any subsequent long term pressure tran51ent determined by the combined effects

of heat sources such as re51dual»heat and metal water reactlons, structural heat
sinks, and the operation of other engineered safeguards utilizing only the emergency

on-site electric power supply.

The supports for the .reactor coolant system are designed to withstand -

" blowdown forces associated with complete severence of the reactor coolant.piping.

The containment is designed to w1thstand an earthquake having a hori-
zontal acceleration of dg in combination w1th failure of the reactor coolant system.

Stress criteria for reinforcing steel in the containment design are as

follows:

= - | S PRIMARY PLUS
LOAD CONDITION ‘ - PRIMARY STRESSES* - SECONDARY STRESSES**
4§ Yield 4 Yield

Operating plus incident ' 53.3 . o 66.7
Operating plus Oil g - . . 50,0 . 533
horizontal earthquake ‘ e -

' Operating plus ineident plus . 66,7 S 66.7
0.03 g horizontal earthquake , R

~ Operating plus incident plus 80,0 x 80.0

0,10 g horizontal earthquake

‘* Primary stresses do not include temperature stresses.
*xSecondary stresses are considered as follows.



_1.'qStresses resulting from normal operating temperature gradient
- from inside the containment to the outside atmosphere.:
2. tStresses resulting from incident temperature effect. E 'f;‘ [

bﬁThe steel liner is placed in compression by the temperature effects of

" the accident.- The combination of compresSive stresses due - to temperature and the

tangential shearing ‘stresses due to the horizontal earthquake loading will not cause
buckling or the exceeding of the yield strength of the linear material.

Missile protection is afforded by the three foot thickness of the polar

crane support wall and the two foot thickness of the refueling floor. These struc-
',tures surround the reactor coolant system and the other high pressure piping and

‘components, failure of which might cause or be caused by a loss-of-coolant'accident.}

A missile shield is located above the reactor vessel to stop any mlssile that might -

'be propelled as the result of a rupture of a control rod mechanism housing

The leakage of the containment-under accident conditions will not exceed

_the value necessary to meet the requirements of 10 CFR 100 with proper credit taken

for the other engineered safeguards assuming complete core meltdown.

The containment design will include adequate ‘means of testing the con-.p

= tainment for leak tightness. -

4 2 2 General Description

The reactor containment consists of a eontainment structure and several

:auxiliary systems which are commonly referred to as “engineered safeguards.® The

v containment is. designed to limit the consequences of any release of radioactive

material from the reactor coolant system..

The containment structure is ba51cally ‘a right circular cylinder with

a hemispherical dome and-a flat base. The 1nside diameter is 135 feet and the

straight height is.lh? feet. The gross volume is approximately 2,?42 000 cubic feet

and the net volume is approximately 2,610,000 cubic feet.
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N . 4.2.3
- The construction isvreinforced concrete with an interior steel liner

which actslas a?leakage barrier. The liner is 1/4"% thick'cnlthe bottom,.3/8" thick

" on the'cylindrical ﬁalls, and 1/2" thick on the dome. The flat concrete base mat

is 9' thick with an additional 2! thick concrete floor slab over the bottom liner.

The cylindrical wall is 5 1/2' thick, and the dome is 4-1/2' thick. The general
arrangement and typlcal liner details are shown on Figures 4 2 2-1 and 4.2.2.2,

'._ : The internal pressure used in the design is h? psig and the ground
acceleration in the postulated earthquake is O 10 g at zero period.‘ Additional '
1nformation on design loads is provided in Section 4,2.3. . '

‘ The containment structure is inherently safe with regard to common
hazards'such as fire, flood and electrical storm.' The thick concrete walls are in-

vulnerable to fire and only an insignificant amount of combustible material, such '

. as lubricating 0il in pump and motor bearings, present in the containment. A system

of lightning rods is installed on the containment dome as protection against elec-
trical storm damage. The containment structure is located at a high elevation with
respect’ to the river level, so that flooding of the river presents no hazard to the:
containment.» a o ‘ | C
o Internal‘Structures’”

Internal structures consist of equipment supports, shielding, reactor |

:cavity and canal for fuel transfer, and miscellaneous concrete and steel for floors

‘ and stairs. All 1nternal structures are support by the mat. -

L A 3-foot thick concrete ring wall surrounds ‘the reactor coolant system
components and supports the polar-type reactor containment crane, A 2afoot thick '

concrete charging floor covers the reactor coolant system- compartments. 'Removable

;-concrete slabs are provided to permit crane access to the reactor coolant pumps.

The four steam generators, pressurizer and various piping penetrate the charging

floor. Spiral stairs provide access to the areas below the charging floor.



L"QZ-A

Three major radiation shields are also provided external to the ring

wall. A 3-foot thick concrete wall is located in front of the main steam and feed-

‘water piping penetrations. A 3-1/2 foot thick concrete wall with supplementary

wings surrounds the two_containment ventilation duct penetrations. The main access
hatch is shielded by a labyrinth of precast concrete slabs..

Most.of the high pressure piping runs within the ring wall.j‘The annulus
between the ring wall and the containment-outside wall serves as a pipe chase. A
12-inch'thick floor shields the piping from the areas accessible. for inspection at
power. Certain additional equipment, such as the regenerative heat exchanger, is
individually shielded.

‘The refueling canal connects the reactor cavity with the fuel transport
tube to the spent fuel building. The floor and walls of the canal are concrete,
with the walls and shielding water providing the equivalent of 6 feet of. concrete.

The floor is 4 foot thick. The concrete walls are lined with 3/8 inch carbon steel :

~ plate and the floor with 1/4 inch stainless steel plate. ‘The 1linings provide a

leakproof membrane that is resistant to abrasion and damage during fuel handling
operations. .
Containment Isolation.

'Containment isolation valves are provided as necessary in lines pene-
trating the containment.liner to assure that no unrestricted release of radioactivity '
can occur. Such releases might possibly be caused by the rupture of a line‘within
the containment‘concurrent with alloss.of‘coolant accident or by the'rupture of a

1line outside the containment which connects to a source of radicactive fluid within

’the containment.

In general, isolation of a line outside the containment can protect

against~a rupture of a line inside concurrent with a loss of coolant accident, or

‘,will ¢lose off a line which communicates with the containment atmosphere in the

event of a loss of coolant accident. _
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/ | Isolation of a 1ineginside the containment will prevent flow from tne-s
reactor coolant system or any other‘large source of radioactive fluid in'the event
that a piping ruptnre outside the containment occurs. . A piping rupture outside the
containment at the same time as‘a loss of coolant accident isdnot considered credible.

'The following measures are provided’to assure containment integrity in

the event of a loss of coolant accldent with the conservative assumption of a cone

current rupture of a pipe inside the containment.

1. No valve is required if the pipe penetrating the containment is '
part of a closed piping system outside the containment and that
piping system is designed for pressures higher than the contain.
ment design pressure,

2. A valve will be installed outside the containment in lines which
are.not part of.a closed.piping system as in 1) above.

a. The valve will be remotely operated from the central cone
trol room-in lines wherevflow direction is normally out
'from the containment.

b. A check valve will be used in the line'outside the con- :

| tainment where flow direction is into the containment.,

ce If the line is-always_isolated when the containment is
sealed,ia manual valve will be installed in the line out-
side the'containment. This valve:willkalways be closed

' when the containment is sealed. |
d. As a speclal case, because of‘size, the large ventilation
'-pufge lines nill have a tight;'s‘ealing'bntterfly valve |
. outside the containment which can be closed either manually
or automatically upon'a signal of high internal pressure

or radiation level in the containment.
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The following measures assure no unrestricted release of radioactive
fluid in the event of a line rupture outside the containment. .- _
1.'t No valve is required for lines which are always closed to the
containment atmospherepand‘which do not oonnect_to a source
of radicactive fluld within the containment. o
2, For lines connecting to the reactor coolant system or any sig- |
: .nificant source of radioactive fluid w1thin the containment, a
| valve (or in special cases where operations permit, a blind
flange) will be installed on the line inside the containment.
.:‘a. The valve will be remotely operated from the central
‘control room inflines where the flow direction is
_normally out from the containment. |
b. 4 check valve will be installed within the containment _
| in lines where the flow direction is into the containment.
3. As special cases to insure penetration leak-tightness, the 1arge
v‘_ ventilation purge lines will have a second tight-closing butter-_
| fly valve inside the containment mhich can be closed_either
manually or automatically upon a signal of high pressure or
radiation level within the,containment. Provisions will be_.
made to pressurize the space between valves~during normal
.operation.' |

In addition, a valve or blind flange will be installed on the spent

© fuel transfer tube opening inside the containment to allow pressurization of the

tube to prevent containment out leakage.-

. Auxiliary Facilitles

Intraplant communications utilize Bell system equipment with several
speclal features. Station to station calls can originate from any location. In
addition, loud speakers and unitized amplifiers couple to the telephone system S0

that paged messages may be broadcast from any telephone. Loud speakers installed
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thfoughout the containment as well as the rest of the plant ensure the hearing of
messages and alarms in all locations.

Two other independeﬁt communications systems provide for uninterrupted

" direction of fuel handling‘and for instrument calibration. The fuel handling com-

municatiqp system.connects the central controi room, the containment at the charging
floor leve1 and the fuel handling Building. The other.system.permits communication
between contfolApoints in the cdntainmeﬁt and the control room for instrument cali-
bration and testing. | |

| The usual maintenance facilities are installed in the containment. These
ihclude a reaciorbcontainment crane for héndling major pleces of equipment. Mono-
rails are located'over vital equipment. A fuel manipulator and associatéd tools are
provided for underwater refueling and maintenance of the'reaéfor ﬁessel interhals.
Underwater inspection facilitles are also included.

| Service water, demineralized water and electricity aré a?ailable‘in the

containment at all times. Compressed air and steam are supplied during shutdown.

Access and Occupancy

The containment and the equipment within it are designed fdr convenienf '

‘access, refueling flexibility; easy maintenance and personnel séfety.

The containment will be completely closed whenever the core is critical
or whenever the reactor coolant system temperature is above 200°F and the pressure
above 300 psig with the fuel in the core. The containment vessel iS'normally oper-

ated at a slight positive pressure for the purpose of éontinuously monitoring leakage.

No ventilation valves have to be closed in an accident to;insure containment integrity.

Limited access to the containment is possible with the reactor at power.

: Sﬁéh»access is through the double-door, personnel_hatch, and personnel are restricted

to the annular area between the crane supbort'wall and the conﬁainment shell, " This

area contains the air recirculation system.eQuipment and instrumentation equipment.

. Shielding and viewing ports are provided so that other important areas can be inspécted.
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Integrity During Shutdown

'ARefueling is carried-out.with reactor coolant in the refueling cavity.

The coolant system is heavily borated during refueling such that the core is always J

in a substantially subcritical condition, Operations which may change core reac-
tivity, such as replacement of fuel or control rods, are performed only when the
equipment hatch is in place and when conteinment 1ntegr1ty can be qnickly re-estab;
lished by closing the personnel hatch, the butterfly valves, and the fuel transfer‘
penetrationfvalve. Only major maintenance operations, not invoiving‘changes in’
core reactivity, are carried outNWiﬁh'tne equipment hatch open.

4,2.3 Design Criteria

. Internal Pressure

The principal design load on the containment structure is the internal . .

‘ pressure created by a loss of coolant accident. The reactor coolant system contains >_

507,080 1bs. of water af a weighted average enthalpy of 602.1 Btu/lb., for a total
energy content of 305,290,000 Btu. In tne hypothetical accident this water is re-
leased through a double-ended break in the largest reactor coolant pipe, causing a
rapid pressure rise in the containment.

Additional energy is available for release from the following sources :

1, Stored Heatuin the core | |

2. Stored heat.in the reacfor vessel, piping and other reactor

coolant system componente | |

3. Residual heat production

4. Metai-water reaction energy

5. Hydrogen-oxygen recombinaﬁion reaction

There are several heat sinks available in the containment to absorb a ,
part of this energy and limit the pressure rise. They are as follows:

1. Containment'structure . |

2. Equipment inside the containment

3. The safety injection system (hot leg and cold leg injection)
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4, The air recirculation system
' 5, The containment spray system

All of these sources and s1nks are cons1dered in the calculation of the
contalnment pressure transient. The results of the prelimlnary calculations of
tran31ent pressures are given in Section 5.1.

From the results presentediln that section,iit can be seen that the
meximum calculeted pressure is less than 45'psig. The design pressure selected for
‘.the eontainment is 47 psig. l

"No energy_centribution'from the secondary coolant system is-ineluﬂed in
the'pressure transient. calculation. The steam gerierator supports are so designed :
. that the reaction caused ty complete severence of any reactor ceolantvline_will not
'result in failure of steam or feedwater piping.

Leakage from the containment.will be. denenstrated to be no more than
0.1 per cent of the containment volume per 24 hour perlod with design pressure in-
side the containment.

Stress Criteria

Reinforclng steel used in the reactor containment structure conforms to
- ASTM A432 with a minimum guaranteed yield strength of 60, 000 psi. The following
table lists the maximum allowable values of prlmery and primary plus.secondary‘

stresses used for the reinforcing steel.

o Primary* " Primary plus Secondary**

Load Conditions - Stress % of Yield Stress 7 of Yield
Operating plus incident 32,000 psi  53-1/3 ¢ 40,000 psi  66-2/3%
Operating plus 0.03 g 30,000 psi 50 % 32,000 psi  53-1/3%

horizontal earthquake

Operating plus incident plus - 40,000 psi 66-2/3 % 40,000 psi  66-2/3%
0.03 g horizontal earthquake = : . :

Operating plus incident plus 48,000 psi. 80 # 48,000 psi  80%
10 g horizontal earthquake ‘

*Primary stresses are not considered to include temperature stresses.
*xSecondary stresses are considered as follows:
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1. Stresses resulting from normal operating temperature gradient
inside of containment to outside'atmosphere -
2, Stresses resulting'from the incident temperature effect

The 3/8"'steel liner conforms to ASTM ARL2 with a minimum guaranteed

yield strength of 32,000 psi. Under the combination of incident plus earthquake

loadings, the internal pressure plus temperature effect causes tension stresses in
the concrete wall, For design purposes, it is conservatively assumed that the wali
has little or no capacity,to resist the tangential shearing forcesiresulting from
the horizontal earthquake loads. The liner alone is designed to resist this tangential
shear. -

Insulation is provided on the lower portion of the linef so that the

combination of compressive stresses,resulting from incident temperature and_tangential

. sheaning stresses due.to'horizental earthquake loading will not result in liner stresses

exceeding the yield strength of the material.

Thermal Loads ,

In the hypothetical loss of coolant accident, the containment structure
is exposed to steam at apprpximately_Z?Z F, or less, within a matter of seconds. The
liner reaches the fuil accident ambient temperature within a few,minutes, while the
concrete structure, due te its large mass,.‘is still at near-normal temperatures. The
concrete then gradually neats up until a thermal gradient exlists across the wall.

Containment pressure is reduced by the engineered safeguards during this heatup.,

The 1nitial temperature rise in the liner causes it to expand relative

~to the concrete.- The liner is studded to the concrete on 24 in. centers to prevent

elastic buckling under these stresses, ‘

- At-the Jjuncture of the cylindrical containment walliwith the bottom mat,
the-reinforced concrete is almost rigid; This prevents_expansion‘of tne linen{under_
incident plus earthquake loading which would cause stresses in the liner to exceed
the yield point unless special precautions are taken.-'Te maintain stresses in the
liner at design levels, the"lower'portien of the liner is fully insulated, thereby

eliminating most of the temperature differential.
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The.innermost and outermost circumferential reinforcing bars in the |
thick walled conérete reactor gontainment are separated by several feet. Temperature
gradients occur between these tiwo sets of reinforcing bars during both normal oper-
ation and accident conditions. Td calculate the stress levels induced by these gradi-
.ents, temperature profiles will be determined for both normal atmospheric conditions
and tfansient cénditions induced by accidents.

Impact Loads

The only impact loads that might act on the containment are those created
by a flying missile. Generation of such a missile is extremely unlikely. Most high
pressure equipment is located within the 3 ft. thick crane support wall below the
2 ft. thick charging floor, or beneath thg_refueling cavity missile shield. These
reinforced concretelstructufes will terminate fhe flight of any cbnceivable missile.
Openings in the'charginé fioor required for ventilation or access -are covered by
heavy steel grgting, ﬁhich provides adequate missile protection. However, since it
is impossible to éompletely eliminate thé possibility of some form of missile
striking the containment structure, an analysis of the missile hazard shows that con-
ceivable missiles will not rupture the liner. | |

Two types of missiles might be éenerﬁted -~ concrete and steel. Because
of its lower density and lowef strength, a2 concrete missile must be an order of
magnitude heavier than a steel missile of comparable diameter and velociiy fo: it
'to cause the same impact damagé,to a steel shell. In the event of the hypothetical
accident, however, steel missiles are more likely. Therefore, only steel missiles
have been evaluated.,

' The most hazardous missile for a given mass &nd velocity is rod éhaped,
imracting end-on. Rods of various diameters and ﬁeights have beén investigated.

Missile velocities as high as 100 fps hight be generated by yupture of
a high pressure coolant loop. This conservative value (see "Penetration of Reactor
Containment Shells," Donald E. Davenport; Nuclear Safety, 12/60, Volume 2, Number 2)
for missile velocity has been used in the analysis. Formulations ahd penetration |

equations developed by the U.S. Army Bellistic Research Laboratories form the basis
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for the stﬁdies.

Table 4.2.3-1 summérizes the résults of the analysis. Insbection indi-
cates that, even at 100 fps, the fequired weight and dimensions for penetration of
‘the plate thicknesses of interest are 2bsurdly high for missile sizes which can
logically be postulated in the reactor containmenf. The plate thicknesses shown in

table 4.2.3-1 bracket the thicknesses of interest for the containment liner and

© piping systems. Major éomponents, such as the steam generator, have greater shell

\

thicknesses and, therefore, are immune to penetration by the postulated missiles.

Seismic Loads

The nuclear plant is designed on the basis of an earthquake having a
maximum horizontal ground accelération»bf-O.OBIg at zero period. For earthquakes
having a horizontal acceleration of 0.1 g at zero period, there will be no loss of
function of systems dimportant to Safeguards,although in some casés, the stresses
may reach orlslightly exceed yields. Only horizontal accelerations are assumed to
be acting; For the réinforced'cdncréte containment structure, a value of 7 per cent
of critical damping is used as the damping factbf.

The procedure for calculating the reactor contaimment earthquake res-

ponse is based on the Rayleigh method. (See "Design of Multistory Reinforced Con-

crete Buildings for Earthquake Fotions"™ - Portland Cement Association, page 21.)
‘The containment structure is designed for the equivalent static loads resulting from

‘the above dynamic analysis.

Miscellaneous Ldads

The containment structure is capable of withstanding wind'loads.up to
150 mileé pér.hour,‘during normal operation.

' A load of 30 psf is considered for snow éﬁdAice. Hdwéver,.no snow or
ice loads are included in combination with internal pressure ;nd seisrmic loads,
because the snow and ice would reduce the stresseé in the walls, -

The contaihment'will withstand a negative pressure approximately 7.5 psi

below the outside aimosphere. However, it is inconceivable that such a pressure
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differential coﬁld_occur.' The containment is norﬁally at a positive pressure of

32 to 35 in. Hg abs, for the purposes of continuous leak monitoring. - Diurnal tem--

perature fluctuations willinot materially affect the containment atmoéphéré because

of the ihick concrete walls,. _ | -
TABLE 4.2.3-1

MISSILE DIMENSIONS AND WEIGHTS REQUIRED

TO FENETRATE FLATE OF VARYING THICKNESSES
AT 100 FPsS VELOCITY

/
laterial to be
Penetrated ‘

Reactor Containment Weight, lbs. 25.8 73 134 206 288
Plate, 3/8 in. Length, in. 116 82 67 58 52
4 in. Sch 160 Piperr_ Weight, 1lbs. k3,3 123 226 346 485
"0.531 Wall Thickness . Length, in. 194 _ 138 113 97 87
6 in. Sch 160 Pipe or Weight, 1bs. '68.é_ 193 354 545' 762
0.718 Wall Thickness ~ Length, in. - 308 216, 177 153 136
8 in. Sch 160 Pipe or Weight, lbs. 96.5 273 502 772 1080
Q.906 Wall Thickness Length, in. 432 306 250 216 193
10 in. Sch 160 Pipe or Yeight, 1lbs. 133.7 378 695 1070 1495

1.125 7all Thickness Length, in. 600 Lab 346 300 268

L,2,4 Structural Design

'General

There are no codes directiy applicable to the design of the reinforced
conérete.containment structure, Accepted ACI building and ASME pressure vessel codes,
as well as state and natiénal‘codes,»are used as a guide in arrivingvat a safe criteria
for design purposes. |

Materials -

Tg%le.h;Z.Ufivlistsfthe méﬁefiéis used in thé'constfuction of the reaétor
éontainment."‘_". |

Reinforeing Steel

The reirforecing bars have a guaranteed yield point of 60,000 péi.and the
minimum elongation per two inches is 9 per cent. Check analysis is'performéd for

each heat. Physical property tests. are also madé»oh each heat, one at the mill and
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one Just brior<to erection. Certified testbreports are fetained on all reinforcing
bars. In_addifion, each bar is viéually checked for size, surface condition and
other fault prior to erectlon.

Connections between reinforcing bars and made either by arc welding or
by £he'use of the Cadweld process. This process is baéed on a special sleeve hich
is filled with a molten bronze alloy. When cooled, the connection will develop a
minimum of 125% of thé yield strength of the reinforcing bar, because of the shear
strenéth of the filler metal.

| Concrete

All concrete materialskconform to ACI and ASTM specifications, bLow
alkali Portland cement and a water reducing agent are used.

Liner

Uith the excéption of the equipment and personnel hatches, none of the
iinervcomponents are subjecﬁ to low ambient temperatures.v Normal internal temperatures:
will be maintained between a minimum of 50°F and a maximum of 120°F. The liner |

material is ASTMIAMNZ, Gr. 60, which has a yield point of 32,000 psi and is aflow

" carbon/high manganese steel made with a fine grain structure that exhibits an RDIT

lower than -20°F without heat treatment in thicknesses less than one inch. This
material is sﬁécified primarily to insure ductility during winter fabrication and

during the freestanding pressure and leak tests thst are performed on the liner

before the reinforced concrete structure is poured around it. Because the equipment

and personnel hatches can be exposed to low amblient temperature, they are constructed

of ASTM A201, Gr. B., firebox steel normalized by heating to 1700°F and coollng in

©still air and Charpy tested to. a w1n1mum of 15 ft-1b st -50 F. .One weld spec1men is |

prepared for each 50 feet of weld performed by each welder and Charpy tested fo a
minimum of 15 ft-1lb at -50 F.

No specific corrosion allowance is included for the liner, which is a
minimum of 1/4" thick. Thg inside surface of the liner is covered with a three-coéf

system of sprayed vinyl plastic paint to a toﬁal thickness of 6 to 8 mils., This
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type>of paint is particularly effective for resisting atmospheric corrosion. The

outer surface of the steel liner is in direct contact with cqnérete whiéh, due to

the steel in contact with it.

fi1l concrete'which rests directly on firm rock.

its alkaline nature (pH of at leést 12) provides adequate corrosion proﬂection for

The mat is founded on firm rock, festing directly on the rock or on

The mat transmits all loads from the reinforced concrete pressure con-

tainer and all internal structures to the firm rock.

A.

B.

C.

TABLE ’4.2.4-1- N

REACTOR CONTAINMENT MATERIALS OF CONSTRUCTION

Item

-Liner

~ Shell, Bottdm, and Dome Plates

Piping Penetration Sleeves

Piping Penetration Reinforcing Rings

Piping Penetration Sleeve Reinforcing
Bar Anchoring Rings and Plates

Rolled Shapes ‘

Reinforcing Bar Bridging Rings

Reinforcing Bar Anchoring Ring and Plates

Equipment Hatch Insert

Equipment Hatch Flanges

Equipment Hatch Head

Personnel Hatch

Wbldihg Electrodes
Material Joined

Carbon Steel to Carbon Steel
Stainless Steel to Stainless Steel
Carbon Steel to Stainless Steel

Cbncreté Shell and Interior Structure

Reinforecing Steel

" Cement

Structural Steel

Material Specification

ASTM AML2, Gr. 60
ASTM A333, Gr. O .
ASTM AB42, Gr. 60

ASTM Alk2, Gr. 60

ASTM A131, Gr. C

ASTM A204, Gr. C, Firebox normalized

ASTM A300, Cl. 1, Firebox A201 Gr.
ASTM A300, Cl., 1, Firebox A201 Gr.
ASTM A300, Cl. 1, Firebox A201 Gr.
ASTM A300, Cl. 1, Firebox A201 Gr.
ASTM A300, C1. 1, Firebox A201 Gr.

Specification

ASTH E7018
ASTM E308
ASTM E310

ASTM A432, Designation ils and 18s

ASTM C150, Type II low alkall
A-36

oWk ww
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4,2,5 Penetrations
| General

All penetrations through_the containment reinforced.concrete pressure
.barrier for pipe, electrical conductors, ducts‘and access hatches contain positive'
pressure zones which prevent outleakage under all conditions, including a hypo-
thetical accident involving major rupture of the reactor coolant system. Typical
electrical and pipe penetrations are shown by Figure 4.2.5-1,

In.general, a penetration consists of a sleeve imbedded in the rein-

forced concrete wall and welded to the containment liner. The weld to the liner 1is

- shrouded by a test channel which is used to demonstrate the integrity of the joint.

The pipe, electrical conductor cartridge, duct or access hatch passes through the
imbedded sleeve and the'ends of the annulus are closed off. The annuli are pressurized
by an outside air supply to at least 47 psig, the max1mum pressure expected during

a hypothetical accident. The plant air supply has as a backup a supply of nitrogen

gas capable of 24 hours of service.

Electrical Penetrations

Electrical conductors penetrating the containment range in size from

_No. 20 AWG stranded thermocouple leads to 7/8 inch solid copper rods. As shown by

Figure L,2,5+1, electrical penetrations consist of a sealed cartridge inserted into

‘the sleeve imbedded in the reinforced concrete wall; the sleeves are 8-inch steel

Pipe.
The basic penetration cartridge consists of a 7-inch 0.D. steel tube
with welded end plates, through which pass the sealed conductors. The cartridges

are of two types, the first being for straight-through conductors, and the second

" type being for cables which are jointed within the cartridge. The cable Joints

within the cartridge are of the sealed bayonet type with compression drawup. After
the cartridges have been assembled, they are bench tested with Freon gas for leak
tightness and then inserted into the sleeves. ' The cartridges are held tightly in

the penetration sleeves'by bolted»flanges sealed with double O-rings at the inside
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of the containment‘wall. The cartridges are'sealawelded‘to-expansion bellows on the

outside of containment to completely close the annulus between the cartrmdges and

sleeves.

The spaCes between the O-rings; the annuli and the insides of the car-

tridges are pressurized by the outside air supply. Each of these spaces can be dis-

" connected from the air supply for individual (and independent) halogen leak test.

Piping Penetrations
' Approximately one hundred penetrations are provided for fluid carrying
and for air purge ventilating piping. Several capped penetrations are included as

spares. Details of the penetrations are shown on Figure 4.2.5.1.

Most pipes penetrating the containment connect to equipment inside and

'.'out51de of the containment, and are for either high-temperature or moderate-to-low

temperature service. Other pipes, such as for purge air, connect the containment

- volume to the outside atmosphere.

In all cases, a plping penetration consists of an imbedded sleeve with

" the ends welded to the penetrating pipe; the ends are blind flanges and an expansion

bellows in the sleeve on the outside of the containment permits relative motion of

the pipe with respect to the sleeve. The volume between pipe and sleeve is pres-

_ surized by the outside air supply, and each volume can be dlsconnected from the air

'supply for individual halogen leak test.

Penetrations for high-temperature pipeS'(steam and feedwater, for ex-
ample) haveycooling colls in the spaces between the pipes and sleeves to protect
the sleeve and the surrourding containment wall from eicessive temperatures.

The modes of isolating these plpes during a hlgh-pressure containment
1ncident are covered in Section 4 2.2,

Access‘Port and Air Lock .

An equipment hatch of approximately 16 foot I.D., built of welded steel

and having a double gasketed flanged and bolted dished door, is located at grade

(see Figure 4.2.5-2). Equipment up to and including the-size of the reactor closure
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'O-ring seals can he moved into and out of containment through this hatch. The dished
door is handled by an auxiliary hoist extended from the frame of the containment
polar crane. The hatch barrel is imbeeded in the conteinment wall, All weld seams
at the containment liner Joint, at the flanges and in-the dished door have test
channels for periodic leak test. The space between the double-gaskets of the door
flanges is continuously pressurized by the outside air supply.'v
A 7-foot I.D. personnel hatch penetrates the dished door of the equipment
hatch. The perSonnel hatch is.a‘double door, hydraulicslly-latched welded steel
assembly with an 18-inch emergency'manhole in the inner door.. An equalizing valve
oonnects the personnel hatch with the interior of the containment vessel for the
purpose of equalizing pressure in the personnel hatch with that in the containment.
Emergency access to the personnel hatch from inside the containment is available in
the event of a hydraulic failure of the inner door; a speciél.tool, locéted near
‘the door on the containment side,'is used to unlatch the inner ooor.‘ Once.inside
the:personnel hatch, the inner door may then be closeo, Should the outer door-bf'
bthe personnel-hatch fail to open due to a hydraulic malfunction,’s telephone‘in the
hatch may be used to summon help. The outer'door may also be opened from outside
by means of another special tool, storedvoutside the containment, permitting egress
from the personnel hatch. The inner door of the personnel hatch is provided with
an 18-inch manhole,'_bolteci from inside the hatch, to permit access to the contain-
ment in the event of a failure,of the inner personnel hatch door. Hatch closures
are of the double-gasketed type and spaces between the double.gaskets are continu-
ously pressurized by the outside air supply. Pressure is relieved from the double-
'gasket spaces prior to opening the JOints and during the time that personnel are
within containment.

Fuel Transfer Penetration

‘A 20-inch 0.D. fuel transfer penetration'is provided for fuel movement
between the refueling-transfer canal in the reactor containment and the spent fuel
pit. The penetration, as indicated by Figure 4.2.5-2, consists of a 20-inch stain-

less steel Fipe instelled inside a 24-inch pipe.  The inner pipe acts as the transfer



tube and connects the reactor refueling.canal‘with the spent fuel pit. The tube is
fitted with a standard gate valve in the refueling canal and a sluice gate valve in
the spent fuel pit. These valves prevent leakage through the transfer tube during

accident conditions. The outer pipe is welded to the containment liner and provision

is made, by use of é special seal ring, for freon gas leak testing all welds essential

to the integrity éfvthe pénetration. Beilows expansion‘joinfs are provided on the
outer pipe to compensate for any differenfiél movement betﬁeen the two pipes.

The ahnuluslbetwéen the inner and outer pipeé on the containmeht‘en& of
the transfer tube isvcontinuously pressurized by the outside air'supply._

Construction Openings

One 27-inch I.D. opening with a bolted and double-gasketed édver is
located in the dome at fhé top of the vesSel. ‘This opeﬁing is_f&r consﬁrﬁgtien
ventilation and will be permanently‘closed at the conélusion of the construction
work. After.thé covef is bolted in place, removable éxternal concrefe shieiding
is installed over the opening.v The space between the gaskets is pressurized by_ﬁhe
outside air supply. B |

Large equipment will be passed into the reactor containment through a

. temporary openihg in the side wall. This opehing will be perménently closed after

this equipment is in place and before the contaimnment is completed and finally tested.

%4.2,6 Inspection and Testing
Preopérational Inspection and Tests

- Preoperational inspections and tests are pérformed in several stages which
lead finaliyvto‘the leak rate tests,
Fabrication and Construction Testing
The containment mat and lower portion of the side walls are érected and
lined early in the project. This segment of the liner is tracergaé.tested using test
channels as shown in Figufe 4:2.2-1. The.tést'channels arelstruétural steel channels,
or other appropriate shapes, which are installed over every welded joi@t below ground ~

grade. The test channels are welded so as to form a space into which freon is
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_:admitted and the channel to-liner weld tested for seam leakage. The test channels

do not form a 51ngle continuous channel but are segmented for convenience in testing.

Test gas is introduced throughvthreaded connections at appropriate-p01nts to insure

. a homogeneous test gaS'throughout the channel. After testing, the gas is expelled

from the channels and the threaded connections plugged. All chamnels are available
for. retesting as required throughout plant life except those 'in the bottom ‘mat which
are covered by 24 inches of concrete. _ | |
. Periodic compression tests are made ‘on the concrete.as placed at the

construction site,to assure complianco_w1th specifications.-«'

| To insure the integrity-of~the Cadweld connections as actually installed
on the containment reinforcing, quality control utilizes a random sampling procedure.
The Cadwelds randomly selected in the field are removed and tested to destruction.
A plot of the test results is maintained to demonstrate the integrity of the Joints.'
From this 1nformation, the average yield strength, and deviations from it, will be

computed.i Calculation of the statistical tolerance limit is expected to demonstrate

'a confidence level that at least 99% of the Cadwelds will have a minimum ultimate

'strength of 75, dOO psi ir all‘were tested to'destruction.
In addition, a continuing statistical sampling procedure w1ll be used

throughout the construction to insure that the process is not deviating from the

originally established distribution data.

_ Shop fabricated liner components are dimen51onally checked and shop
welding is spot radiographed at least to the requirements of. paragraph Uw;52 of the
ASME Code for Unfired Pressure Vessels. A1l other welds are dry checked.

The containment liner is next completed above grade as a free standing »

vessel. All welds 1n the side walls and dome are double butt welds.
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During erection, continued dimensional checks are made amd all welding

above grade is spot radiographed at least to the requirements of paragraph UW-52

- of the ASME Code for Unfired Pressure Vessels. . A1l other'welds are:dye checked.

Inspections are carried out by both the erector and the engineers.

All welding and the qualification of welding procedures and welding
operators is in accordance with Section IX of the ASVE Boiler ‘and Pressure Vessel
Code. Acceptance standards and.procedures‘for_radiographiciinspections are in

accordance with.Section I,'paragraph p-102-H of the ASME Boiler Code. Acceptance

.standards and procedures for'liquid penetrant inspection are in accordance with

ASTM 'standard E-165-60T.

After completion, the entire liner is tested at 8 psi gage with air and .-

10 wt % freon. This test results in a tensile stress in the liner of approximately

17,000 psi.' All welds and gasket 301nts are 1nspected and checked for leakage using

- a halogen leak detector on 1ts most sensitive range, leakS‘greater than O;O5 cubic

inches per day can be found by this technique. Any leaks found are chipped out and

repaired and the test repeated as necessary.

After the gross freon test, polyethylene test channels are taped over

each of the Welded liner seams which are not already covered w1th steel test channels.

The polyethylene channels are indicated by Figure 4 2.2-1. .Concrete is then placed

for the side walls and dome.. The polyethylene channels provide a space between the
liner and concrete which can be used for future leak testing.. To use these‘channels,

the liner;will be drilled and tapped from the 1nside'to permit the introduction of

freon into the channel area. The seams can thenvbe’checked using a halogen leak

detector. This testing is not 1ntended to replace periodlc or continuing leak rate
testing, but will permit a ‘check of 1nd1vidual welds should ‘the need arise.

' With the liner completed'and the concrete poured and cured, the con--
tainer is tested with air at 115 per cent of de51gn or 54 ps1g. This pressure is

held for one hour and insures the structural integrity of the container.
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Initial Leak Rate Test
’Thé design leak rate is O.1 per cent of the contained volume in 24 hours
at 47 psig. It h#s been demonstrated that,‘with good quality control during erection,

this is a reasonable requiremeht. - Large containers approximately thé size of this

' vessel normally'show leak rates of.the order of 0.1% per day or less, however, this

leakage'is believed to occur at penetrations and closures. Leakage through pene-
tr#tidns»and closures is blocked by fhe Containment Penétration Pressurization SyStem.
'The initial léak'rate test is performed, after completion of construction
and installation of pénetrations, gt fivé pressures up to and including the design
value of 47 psig. This will establish the variation of leak rate with pressure. The

test is performed using the reference volume method. Every effort is made to demon-

 strate the leaktightness of the reference vblume_system. The entire reference volume

system~is preésurizéd ﬁo»a minimum of 100 psi gage air containing 20 wt % freon. All

reference volﬁme‘jbints are bagged with plastic and the system held at this pressure

~ for 48_hours.f_The_reference volume system, espeéially the jointé, is checked with,a

halogen leak defector to demonstrate integrity.

. In addition té the‘usual-éalculétion of leak_rate‘as'é fuﬁction of pres-
sure differential, air,is returned to the reactor coﬁtginmentI#tffhe.conclusion of
each test step through a precision gas meter until fhe differéntial pressure 1is
returned to its original condition. This pfovides a check'dn‘the calculated leak

rate, Reactor containment ambient temperature and humidify,are also measured during

the course of ﬁhe test to provide further backup information.,

The initial leak rate test consists of establishing a léak rate at
approximately 47, 35, 23, 12 and 5 psi gage. .B§cause the Qontaihmént is‘é thick
walled concrete struqturé; short term temperature or meteorological variations should
not have any appreciable.effect on the containment ambient temperature and pressure.
Tt should, therefore, be possible to establish meaningful leak rates ih a shorter
term teét‘than:mighttbe réquired on a bare steel vessel. The containment will be

held at each test pressure for a minimum,of 12 hours to determine the leak rate at



4.2.23

that pressure. If the leak rate determination is inconclusive after 12 hours,.the

vtest will be continued. Following a successful test, pressure will be lowered to

the next test point slowly over a period of approximately 12 hours. The results of
these tests will be used to establish flow models by which the measurements made at
low pressure can be extrapolated to the design conditions.

'During these leak-rate tests the penetration positive pressure zones
which will be normally pressurized hy-the penetration preSsurization system will
remain unpressurized.

* Postoperational Tests

The containment-is equipped.with a continuous leakage monitoring system.
This system consists of the same arrangement previously described under the initial -
1eak rate test and is used in the following manner.

1. ' The contalner is charged with air to a pressure of approximately

1 psig.

2., Over a period of tinme, leakage from the containmentlcauSes a

drop in pressure,"

3. .When pressure_reaches a.prescribed limit the containment is

recharged to 1 psig. |
by The air charge is metered tO’provide a direct measnre of.
Aleakagevover the period since the 1ast'charge.

5. 'Periodic'checks are made of containment pressure,ttemperature

and humidity, to detect development of abnormal leak rates.

The possibility of'in-leakage to the containment through the pressurized
penetrations is ruled.out by periodic leakage tests of the‘penetration pressurization‘>
sﬁstem. This system is tested by isolating it from the pressure source and observing
rate of pressure decay. In addltion, during normal operation, an integrating air
supply'flow recorder indicates abnormal system air consumption. Detection of system
leak rates‘of a magnitude significant to the results of the continuous containment

leakage monitoring will result in lOcation and repairiof the pressurisation system




4 2220

As previously'stated,‘proviSions are made for leak tests of all pene-

trations. Such tests will be performed whenever there is any indication of excess

| leakage. The containment temperature, pressure and humidity are continuously moni-

tored to provide for accurate determination of the containment atmospheric properties
during operation. These measurements, as well as the permanently installed reference
volume system, will be used to determine changes in: containment leak rate (see
Section 4.2.5) ” Special devices are provided as part of the air distribution system
for continuously monitoring the penetrations.

| Each pressurized volume of each penetration can be disconnected from
the outside air supply for individual and separate halogen leak test. |

- Provisions have been made to pressurize the personnel hatch with tracer

gas in order to test the tightness of the hatch and door gaskets;

4.2#7V'Containment Penetration Pressurization'System'

The function of the containment penetration pressurization.system is to
prevent leakage of containment air'through penetrations under all conditions by
supplying air above containment design pressure to the positive pressure zones incor-
porated in the'penetration‘design. The design features of the penetrations are des-
cribed in Section h 2.5

| The containment penetration pressurization system is shown on the Process
Flow Diagram, Figure 4.2.7-1. The system utilizes a regulated supply of clean and

dry compressed air'from the plant compressed air system to maintain pressure in all

.penetrations whenever plant operating conditions require the containment to be closed.

Nitrogen cylinders provide a standby source of gas pressure. The regulators
on the nitrogen supply are set to»deliver at a slightly lower pressure than the normal
regulated air supply pressure.l Thus, in the event of failure of the normal air

supply pressure, the penetration pressure requirements will automatically be maintained

by the nitrogen supply.
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Each penetration air supply line can be isolated for infrequent halogen

or helium leak testing. A capped tubing connection is provided in each supply line

to allow injection of the leak-tést‘gas.

Leakage from the system (and potential leakage from penetratiohs) is

checked by continuous measurement of the integrated makeup air flow.
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4.3 Air Recirculation Filtration

4 3.1 Performance ObJectives

The air recirculation filtration is prOVided by the Ventilation System
as a back-up for the pressurized penetrations and testable~welds in the containment.
The filtration function is to. reduce therconcentration'of fission products in the
containment atmosphere and thereby limit. the potential release of fission products
to the environment follow1ng a loss of reactor coolant. '

Air recirculation filtering capacity is sufficient to limit the two

- hour adult therid dose to less than 300 rem at the exclusion distance of 520 meters

for the follow1ng conditions..
1. Containment leazk rate of 0 1% per day. This assumes no-credit
.i_for the effectiveness of pressurized penetrations and testable
' welds in the containment.
2. Site meteorology corrected for-building wake effects.
3.; No filtration of organic iodine - This assumes no credit for
the ability to filter organic forms of iodine at 100% relative
humidity with the highlywactiyated'coconut charcoal recently
ljdemonstrated at ORhL. | | |
| 4,, Fiss10n product releases for complete core meltdown per TID 14844,
This assumes no credit for safety inJection in limiting core
meltdown. |
5. Partial”effectiveness of the filtration equipment. This assumes
" one ofvthe.installed units is unavailable at the time of the
_ loss‘of.COOIant, | | |
‘M,B.é bescriotion |
- The air recirculation'filtration is accomplished using four direct driven

centrifugal fans, in the Ventilation Systenm which are also utilized in air recircu-

“lation cooling. fEachvhasva capacity_of 65,000 cfm under accident conditions. Four

filtering_units, one for each fan, are proyided; Each filtering unit includes a
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.moisture separator, ahvabsolute filter and é‘highly activatedvcharcoal filter in

sérieé;

»Dﬁfing,normal'operatibn,vthe filter units are hof iﬁ usé. Motor épqrated
louvers in each unit:close off the fiiter inlet-and allow recirculation air flow -
to by-pass ﬁhé filter. In this way, the.high'degree of Chafcoal activation is main-
tained. Under accident conditions, the.louvers are automatically operated to bloék
the by-paés flow'afoﬁnd.the filters and to direct recirculatioﬂ air flow.throﬁgh‘the
filter units. The dischafge of air is throﬁgh the éir.reciréulation duct wbrkrwhich
is designed to give éven disfribution throughout the containment.

The charcoal fiiters are‘provided wiﬁh removable test elements for usé.
in verifying contihued;effeétiﬁeness of these filters. Provisions for periodic inf

place testing will also be included. -
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4,4 Air Recirculation Cooling

4.h,1 Performance Obijectives

'The air recirculation cooling capacity of the Ventilation System is
sized to remove the normal héat loss from equipment and piping in the reactor con-

tainment during plant Operatioh and to remove'sufficient heat from the reactor con-

tainment following the initial loss of coolant pressure transient to keep the con-

tainment pressure from exceeding safe limits. The fans and cooling units continue

to remove heat after the loss of coolant and reduce the.pressure close to atmospheric
within the first 24 hours.
| ' The fans, motors,,electrical connections, and all other equipment in the
containment necessary for operation of the system are capsble of oferating under the
snvironmental'conditions following.a loss of coolant.
4.,4,2 Deseription |

The air recirculation cooling function is accomplished using four direct
connected motor driven centrifugal fans, distribution duct work, and four cooling
coil assemblies. The ventilation-system also includes steam heating coils for con-
tainment heating when required.

The recifculation fans are designed to run contihuously. Each fan draws
air from tho annular space'betwecn the'crane support wall and the containment wali.
In normal operation, the filter units are by;passed and the air passes through the
cooling coils, through the'fans, and through the distribution ducts to the various

pérts of the containment. ‘Following a loss of coolant, the air passes through the

filter units after being cooled and is then distributed.

‘The air'recirculation units are located in the annulus between the crane

support wall and the containment wall in separate quadrants. The shielded location

makes -inspection of the equipmént possible during power operztion if required.
Three of the four fans and coolers have sufficient capecity to hold the

containment oressure within design limits after a loss of coolant.
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5.0 SAFETY ANALYSIS

5.1 Containment Ihtegretx

5.1,1 Method of Containment Transient Analysis
ENERGY RELEASE TO THE CONTAINMENT

If a reactor cooiant system rupture‘is assumed to occur, the following
energy'additionsvto'the containment are considered: (1) initial coolant oiowuown,
(2) continued boiling of residual water remaini%g\in the reactor vessel after the
initial coolant release, (3) burning in the containment atmosphere of hydrogen

gas which is produced as a result of any_zirconiumawater reaction in the core, and

(4) transport of sensible heat stored in the core (as a result of fission product

decay and zirconium-water reaction) by flashing of safety injection coolant prior

to the‘time that'safety injection coolant reaches the subcooled condition iq the

core.. ‘ | | |
Coolant Blowdown Energy

‘For the assumed rupture, the loss of coolant adds a large amount of

energy to the containment. The rate of energy addition to the containment is

- 1imited by the location and size of the assumed break and the pressure and temperature-

in the reactor coolant'system.fACalculations have shown that the hypotheticai'

accident (complete severance of a coolant pipe connected to the reactor vessel

and free discharge from both ends) results in a more rapid energy input to the

containment and produces a higher pezk pressure in the containment than any of the
smaller breaks which can be assumed. The remaining disoussion applies to the
hypothetical accident.

_For this assumed break, the pressure in the reactor coolant system

* falls from operating pressure to the peak pressure in the containment in 12 seconds.

In the same perlod of - time the liquid volume in the system drops to a low value.

The rate_of coolant energy release to the oontainment isvcomputed by use of the E -
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1ccot digiﬁallcomputer code. The computation determines mass and enthalpy flux
through the break as a function of time. |
In the calculation tﬁe nature of the discharge process is characterized

by two phases in which appropriate equations and thermodynamic properties are used
to satisfy mass, energy and momentum requirements as a function of pressure and
time., M@ss and energy bal#nces written for thg reactor coolant content#, in
conjunction ﬁith equations describing the discharge flow rate, provide the basis
for establishing energy and mass blowdown into the containment.

| Ph#se I: Discharge of subcooled water through the break results
in a rapid system depressurization to saturation pressure. During the pefiod of
subcooled.blowdown, the reactor trip is initiated by low pressurizer pressure.
Prior‘to the trip, full :eﬁctor power is added to the coolant but this heat is..

removed by fdrced'convéction heat transfer in the steam generator tubes., After

the reactor trip is'dompleted, with an allowanée for trip delay, core residual

heat (delayed neutron residual fission plus fission and capture product decay)

and sensible heat are transferred to the coolant. Sensible heat includes the heat
stored in both the core andlcoro structures, and a portion of the thick metal

in the reactor vessel.

Phase II: Further expansion of the coolant water thrbugh the rupture
rgsults in a change to flashing two-phase flow after a very.short time, and dischargé
of coolant into the containment is restricted by choking flow, Energy is added to
fhe coolant from the core and metal parts, which are above saturation temper;ture,
and is femoved by loss of coolant from'fﬁe yessel»and by heat. transfer to the

steam geﬁerator SQconagry water;r When thevreactor coolant water level falls;

1. WCAP-1678, "I0CO - Digital Computer Code for Loss-of-Coolant Accident Anaiysis.“
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below the steam generator tube inlet lével, all heat removed from the coolant is:
by flow of coolant through the break into the contaiﬁment. |

Dischafge of the homogeneous steam-water mixture continues to add
mass and.energy to the containment until almost no water remains in the system.
Because of the;high blowdown rate for a complete severance of a large reactor
coolant pipe, the rapid steam evolution results in transport of large quantities
of entrained liquid. A distinct interface may noﬁ exist dé the core becomes
uncovered, The computer calculation shows, and indeed it is likely, that very -
little water will remain in the bottom of the reactor vessel because of the rapid
blowdown.

| Energy froh Hydrogen-Oxygen Reaction
During the period between completion of the initial blowdown and

addition of safety injectlon water, the transfer of heat into the containment

vessel by convection from the reactor coolant system insulation and by the small
residual steam flow is relatively ineffective. Consequently, most of .the residual
heat generation serves to raise the temperature of the core; internal§ structure,
and reactor vessel. As the zircaloy cladding temperature in any. portlon of the

core rises above the threshold at which a significant rate of reaction ocecurs,

. additional energy is produced and stored inside the reactor vessel, Unless the

steam evolution rate exceeds the maximum possible consumption rate established
by the parabolic rate law, all steam evolved is considered to contribute to the
core stored heat by reacting with zirconium and the energy addition to the containment

during this portion of the transient is a résult of the burning of the hydrdgeﬁ

~generated by the zirconium-water reaction.

The released hydrogén gas, which is well above the spontaneous ignition
temperature, migrates to the cdntainmentAvessel as it is produced and burns in the

air-ste&m mixture. The hydrogen-oxygen reaction is the only significant source of
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energy reaching the containment from the zircénium-water reaction between the
time that blowdown is complete and safety injection starts.

If any zirconium-water reaction occurs before cooling by safety
injection becomes effective, onl& a fraction of_the total zirconium available

for reaction will be consumed, because the safefy injection system is actuated in

~a very short time and the core temperature rise does not progress to a great

exteht. The energy released from this' reaction does not enter the contaimment
concurrently with the blowdown energy, since claddihg:temperature does not increase
during blowdown. An influx of safety injection water is heéessary to liberate the
stored heat and safety injectionvéoolihg does not begin until after_blowdown is
complete, |

Energy from Flashihg Safety Injection Coolant

‘During the coolant blowdown phase, the pressurizer low pressure
signals cause the reactor trip and also actuate safety ihjection in conjunction
with low pressurizer water level signals. The delay in opening injection flow
paths and starting injection pumps results in a short period of core heating.
Residual heét generation and the zirconium-water reactionucontinue
to increaée the stored energy in the core and reactor vessel until safety injection
water réaches the veséel. Affer éafety injection water reaéhes the reactor vessel,
the thefmal energy stored in the core, reactor vessel and internal structures
is released into the containment as the injection water is evaporated, Evaporation
of the injection water continues to add energy to the_containment until subcooled
heat transfer is achieved in tbe core and vessel at essentially containment
saturation conditions.

Long-term cooling of the core is accomplished by terminating injection

"~ from thé large refueling water storage tank and recirculating spilled coolant to-
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the core. Once the core is covered again by the injected water and the reactor
coolant system is cooled and depressurized, spilled coolant is returned from
the containment vessel sump through'a heat exchanger and into the reactor vessel.,

CORE THERMAL TRANSIENT

, Evaluation of the core thermal transient following a loss-of-coolant
accident involves predicting the pellet-clad temperature as a function of time,

using heat source and heat sink equatiqns with proper accounting for changes in

physical propérties 6f the two as temperature changes.

A transient digital computer program, LOCTA-R, 1s used to evaluate
fuel pellet and cladding temperatures foiloﬁing'a loss.of coolant accident;

The starting point for calculation of the clad and fuel pellst
temperature transients is the coolant blowdown transient following a loss-of-coolant
accidént. The temperatures are calculated from the solufion of the heat source
and condﬁctioﬁ equations for the fuel rods. Zirconium-water reaction energy evolved
in the cladding is added to fuel element initi#l sensible heat and residual heat
storage to obtain the time and space variation of temperatures. | |

The calculation is based upon a heat balance, which considers heat

transfer between the fuel pellet and cladding by specifying a gap film coefficient,

and between the'cladding and the coolant by specifying a coolant film coefficient

and sink temperature. The calculation is performed at a poini in thé fuel, and
considers residﬁal heat generation in the fuel and‘the generatibn of reaction

heat in the cladding. Three fuel pellet nodes and one clad node are employed in
the calculation 6ver a unit length; axial conduction is assumed to be zefo. |

Physical properties (e;g., thermal conductivity, specific heat of the fuel, clad,

~and oxide film) are varied as function of temperature, By summing the calculations

for various pbints in the core (which are expressed as fractions of the hot spot

heat flux), the overall core‘heai source 1s established. Cne hundred per cent of
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the ziréonium méss is considered av#ilable for feaction.

The zirconium-wétgr reaction is accounted for by use of the parabolic
rate equﬁtion and a specified heat éf reaction. When clad temperature reaches |
apﬁroximately 1800°F (1000°C) as a resuit of residual heat generation the zirconium-
water reaction is iﬁi&iated. _ |

Results from this computation include the average fuel peilet:and
clad temperature at any pdint, the integrated residual and reaction heat, heat
release to the sink, and-the per cent of zirconium that reacted, as a function of
time;v

5¢1.2 E#aluation of Containment Pressure and Temperature Transients

Calculation of containment pressure and temperature transients is
accomplished by use of the digital computer code COCO (Containment Code). The
method of ahalysis used in this code is described briéfly in the following.péragraphs.

The analytical model used is restriéted té the containment volume

~and structure. Transient phenomena within the reactor coolant system affect

containhént.conditions by means of convective mass and energy transport through the
pipe break., For analytical,rigor and convenience, the containment.air;steam-watef
mixture 1s further separated into two systems.

The firs£ system consists of the air-steam phase,'while'the second
is the water phase. Sufficient relationships to sqlve the prbblem are provided
by the equations of conéervation of mass and energy as applied to each system;
together with appropriate equations of state and boundafy conditions, As thefmo-
dynamic conditions may vary during the transient, the equations have been derived
for all possible cases of superheated‘or saturated steam and subcooled or saturated.
water, The follpwing are the major assumptions made in the analysis:

1. Discharge mass and energy flow ratesvthrough the reactor coolant
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system break are established from éhe coolant blowdown and core
thermal transient analysis (described in the pfeceding,parﬁgraphs).

" 2, At the break point, the discharge flow separates into steam and
‘water phases. .The w@ier phase is at the total containment pressure,
while the gteam phase is at the partial pressure of the steam in
bthe containment.,

3. Spatial dependence is ignored. The steam-air mixture has uniform
properties; as does the water phase. More specifically, thermal
equilibrium between the air and steam is assumed.

This ?oes not imply thermal equilibrium between the steam-air
mixtufé and the water’phgse. |

L, Air-is taken as an idéai gas,.while compressed water and steam

 tables are employed for water and steam tﬁermodynamic properties,
During the transient, there is energy transfer from the air-steam
and water systems to the containment structure and equip@ent
within the shell. Provision is made in the analysis for heat
transfer throuéh and heat storage in both interior and external
walls, The film heat transfer coefficient between th§ containment
contents and a ﬁall surface may be specified either as a function
of time or temperaturé difference.

Provision is also made in the analysis for several engineered safeguards

- inecluding ventilation fan coolers, internal spray, and recirculation of sump water.

P,

To account for other miscellaneous forms of heat release or removal, functions giving
heat input or removal versus time may also be supplied.

The containmen£ pressure transient curve for the maximum hypothétical
accident (29 inch‘I.D. double ended break) with the full saféty injection system‘

operating and 3 of 4 ventilation fans and coolers operating is‘shown on Figure 5,1-1,
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The full safety injection opefation'includes three high head‘SAfety injection pumps

plus two low pressure (residual heat removal) pumps, and two charging pumps.
Twelve seconds after the assumed loss-of-coolant accident, the contain-

ment pressure peaks due to the reactor coolant system blowdown and begins to drop

due to the heat absorbed by fhe fan-coolers and the steel and concrete structure

of the containment and internal sfructure. Tﬁelve seconds after the acoident the
safety injsction system is initiated and borated water from the'refueling water
storage tank is injocted into the core via the reactor.coolant loops. At this time
the safety injection flow releases the core stored heat, residual heat, and heat
of the thick and thin metal parts of the feaotorAcoolant system to the containment,
Any zirconium water reaction energy and the accompanying burning of hjdrogen generated
by this reaction starts at about twenty seconds.

This raoid feleaso of heat becomes greater than the rate of heat
absorption by the steel, concrete, safoty injection water and ventilation fsn-
coolers and the contaimment pressure begins to increase. At approximately 280

seconds the core is covered with safety inJectlon water and the zirconium water

reaction is stopped. Continued safety inJectlon removes heat from the core by

adding.to the}sensible heat of the injected fluid. The containment pressure continues
to decrease rapidl&. Operation of the rscirculation heat exchanger maintains the
pressure at a low value throughout the romainder of the post-accident period. This
phase of the transient is not shown on Figure 5. 1-1. |

Figure 5. 1-1 also shows the containment pressure transient that would
occur for the first 2000 seconds following the maximum hypothetical accident if no

engineered safeguards operato. In this case no safety injection flow or ventilation

cooling was assumed to occur,

During the first fifteen soconds of this assumed loss-of-coolant

accident the contsinment,pressure transient is essentially the same as described .
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with éafety injection and ventilation cooling. The zirconium water reaction starts

approximately twenty seconds after‘the accident and is assumed to proceed according

to the generally accepted pa:abolic rate ]ﬁvn It is conservatively assumed that
sufficient water is present to carry on this reaction. The hydrogen released by

this reaction is assumed to burn as it enters the containment., This reéults in the
graduél rise in the containment pressure. After about 1300 seconds fhe heat released
to the containment is exceeded bylthe heat transfer to the containment structure

and the pressure begins to decrease,
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5.2 QFF-SITE CONSEQUENCES OF A MAJCR IOSS OF COOLANT

50241 Ful;,Effectiveness of Engineered Safeggards Systems

In order to demonstrate that the engineered safeguards systems will

provide adequate protection for the public, a preliminary evaluation has been

' oerformed of the off-site consequences of the'lergest source of public expoéure

’

for a pressurized water reactor, a major loss of coolant,

Although the design, fabrication, inspection and testing of the

" various components and systems of this plant make the sudden severance of a

reactor coolant oipe an incredibility, such an_occurrence is postulated to evaluate

the upper 1limit of potential public exposure.

Following the sudden severance of the'reaotor coolant pipe, tne reactor
coolant rapidly blows down to the containment causing a pressure'increase in the
containment_and leaving the oore uncovered., 'Proper'functioning of the engineered
safeguards will initiate the safety injeotion system to recover the core with
borated water and iimit the extent.of core meltdown and metal-water reaction. With
the pressurized penetration‘system as,desoribed, the major source of potential
leakage from the containment will be effectively.blocked. The further degree of
leak tightness afforded by the periodic verification.of weld integrity givee a high
degree of confidence that theleakage fraction of this containment eystem-during

the post-eccident conditions will be very much less than 0.1 per cent per day which

. 48 a nominal design value for containment eystems of this type without pressurized

penetrations and testable welds. Considering these factors, the expected post-

accident releaSes and off-site consequences under these conditions are expected to

~ be very small when compared to the exposure limlts of 10CFR100._

Further analyses have been performed, however, to evaluate the off-, -

site consequences of this loss of coolant neglectlng the improvement in containment
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leak tightness which is expected to te achieved with pressurized penetrations and
testable welds and with no credit for the operation of thg safety injection system
to prevent core'meltdown; In addition, the effect.of the presence of some fofms of
organic iodines which may not be subject to highly efficient filtration has been
evaluated, | |

| 5,2,2 Partial Effectiveness of Engineered Safeguards with No Unfilterable
Organic JIodines

The first condition of partial effectiveness of the engineered safe-

guards is evaluated gssuming‘that any organic iodines which might be found in the
reactor or in the containment foliowing the accident are removed by the air
recircuiation filtration éystem with_thé same efficiency as thé elemental forms
of iodine, This assumption is based on recent work at the Oak Ridge National
Laboratories (Ref. ORNI»3864) indicating that a Highly active grade of coconut
charcoal éxhibits greatef than 99 per cent efficlency for organic iodines at

100 per cent relative humidity and does not exhibit breakthrough observed with
other charcoais.

The following model describes the assumptions and methods uséd to
calculate thé off-site exposures. Following thehldss-of—coolant, a 100%-core
meltdown was assumed based on the model described in TID 14844 with the following
saturation inventory release fractions from the core:

Noble gases - 100%
' Halogens - 50%
;Particulates - 1%

Following their release from the reactor vessel, one half‘of thq
halogens (i.e. 25% of the core halogén inventory as assumed in TID 14844) would
piate out very rapidly and becpme unavailable for leakage. The remaining 25 per cent

of the halogens are assumed to remain-iirborne indefinitely, subject only to
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depietion by natural decay, leakage and filtration.

| For the post-accident containment conditions, either one of the
céntainment cooliﬁg systems (spray or air recirculation coolers) in cOnjunction‘
with the safety injectioﬁ system will prevent the_containment design pressure
from being exceeded but is not assumed effective in rapid pressure reduction, Also,
no credit has been taken for the expected improvement in leak tightness of this
containment systemyso that & leak rate of 0.1 per cent per day is assumed to exist
for the first 24 hours after the accident. The cooling systems are.expected to
bring the containment pressure to near atmospheric in about one day, but a con-
servative extrapolation of leak rate versus pressure (leak rate being proportional
to the square root of the pressure ratio) and a continuing internal pressure of |
3 psig have been assumed, so.that the leak rate for the next 30 days is taken as
0,045 per cent per day.

As previously descfibed,.the air recirculation filtration system is
equipped with four fan-filter units, each having a capacity of 65,000 cfm. Three
of those units are assumed to be operablé auring the transient so that a recirculation
rate of 4.5 containment volumes per hour is avaiiable,based on a containment free
volﬁme»of 2,61 million cubic feet. 4n overail filtration efficiency.of 90 per cent
per pass was assumed to determine a reduction constant, A £ of 4,05 hr‘l which was
applied to all theAiadine iﬁ the containment available for leakage. The reduction
was determined by applying x £ as an exponential removal coefficient,

The initial halogen source available for leakage was determined using

the following parameters: A reactor power level of 2758 Mwt,

Isotope _ Saturation Invenfory
I-131 o 2.7 x 10% c/mwt
1-132 | 3.74 x 10% ¢/Mwt
1-133 5.63 x 10% ¢/Mwt
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Isotope Saturation Inventory
I-134 6,47 x 10% c/Mwt
I-135 | 5.03 x 104 C/Mwt

A dose-equivalent inventory of I-131 ﬁés calculated using the above
inventories and the following TID 1484k dose-per-curies factors for the individual
isotopes of iodine:

Isotope . . o Dose per Curie Inhaled ,

31 1,48 x 106 rad
1-132 |  5.35 x 10% rad
1-133 - 4,00 x 105 rad -
I-134 2,50 x 10* rad
1135 " 1.2% x 105 rad

The dose equivalent inventory of iodine 131 as a function of time was
obtained by multiplying the initial iodine 131 inventory by the following factors,
that take into consideration the radioactive decay of all the iodine isotopes and

the contribution of the tellurium isotopes.

Time E Equivalence Factor
0 | 1.880
Aver, first 2 hrs 1;837
Aver. next 22 hrs 1.472
Aver, next 30 days | .3423

Usiﬁg the above figu;es, an initial dose éduivalent inventory of
iodine 131 of 3;2 x 107 curies iS“évailable for leakage.

The meteofolbgicgl dispersion of the leakage from the cbhtainmgnt
hﬁs been calculated using the Sutton model of dispersion along with the measured
dispersion pé;ameters of_,if'Indian Poiht. _ The Suftonbmodel has been modifiedvto

account for additional dispersion of the leékage due to turbulence in the wake of
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the cbntainment building. Conservative dispersion characteristics applicable to
three time periods were selected and the doses calculated for each period.
The Sutton equation for the dispersion of a point source at ground

level gives the ground level plume concentratlon as a function of distance: -

SN
<

(x = 2Q > . e _( CnyZ-n)
' TeC, C, x "

where C, C, and n are the dispersion parameters, U is the wind speed y is the laterél

y
distance from the plume center line, x is the downwind distance and Q is the point

source release term,
Using a method suggested by Gifford and Fuquay, this formula can be

modified to account for building dilution as follows:

2
Yy

-(cE 2T )
X. /Q = 2 . ]

u(‘Trcyczx24“+ A)

where A is the cross sectional area of the éontainment building. The first beriod
of the dose calculation utilized thié modified dispersioh fbrmula, a building area

of 2000 square meters, and the inversion parameters assumed in TID 14844 which are

‘conservative for the Indian Point site.

Category ' cy Ci ’ n a

/

Inversion-I 0.4 m™/?2 0.07 /2 0.5 1 m/s?c

This first period comprises the first two hours after the accident.

The direction of the 1 meter per sgcbnd wind 1s assumed to be constant throughout

the period.



W

i

to +o0 in the y direction

5,2-6

-The sécond period is the next 22 hours folldwing the accident; during
which the same inversion condition exists,but the average wind speed from the same
direction is assumed to be 2 meters per second, |

The third period is from 24 hcurs after the accident to 31 days after
the accident. During this periéd, the mefeorologicai conditions are assumed to be

randomly distributed among the categories listed below:

Category Fraction 1/d C, . G n
Lapse - I 0.139 0.575 0,48 0,6 0.2
Lapse - L, 0,061 0,191 0.43 0.53 0.3
Neutral - N 0.378 0,358 0,39 047 0.4

Inversion - T  0.42%  0.493 0.07 0.40 0.5
'The‘parameters u, Cy’ Cz, n for Iy, L, and N are those measured at the
site, and those for I ér; again the TID 14844 assumptions. These site parameters
represent a very conservative 30 day period as they are inversions for bz%iof the
time. Because the winds are not expected to be from the same direction throughout
the 30 day period, the dispersion formula was modified to account’ for long. term
variability of the mean wind direction., The most adverse distriﬁution was assuméd

to result in a maximum of 35 per éent of the winds blowing in one 20° sector. The

. dispersion formula used is:

Z 2fF3

T /B'ai(WECZifo“i/z +A)

Z,
(&),
This expression is obtained by integrating the Sutton equation from - =°

‘3 ’ fof the appropriate fraction of the time, f. The other parameters have been

defined with F‘-1 being the fraction of the time any particular weather category

and then averaging the concentration over the desired sector,
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exists. As stated, ﬁ’ = 0,354 radian (20°) and £ = 0.35.
Dispersion Factors

Distances

(Qﬁ/g) 30 days

meters (¥/Q) 2 hours (®/Q) 22 hours
100 7.80 x 1074 3,70 x 10°% 1.60 x 10-%
700 5.52 x 10-% 2,76 x 10°% 8.70 x 10-5
1,000 3.96 x 10-% 1.98 x 10-% 5.47 x 10-5
2,000 2,03 x 107% 1.01 x 104 2.4 x 10=5
" 4,000 8.21 x 10-5 4,10 x 105 - 5.83 x 106
7,000 3.53 x 105 1.76 x 10-5 2,21 x 10-6
10,000 2.23 x 1075 1.11 x 1075 1.19 x 106
20,000 8.40 x 1076 4,20 x 10-6 ©3.53 x 10-7

Adult breathihg rates have been assumed in the dose calculations and
areAi.ZS m3/hours for the first 2 hours, 0,795 m3/hours for the next 22 hours and.
20 m3/d;y for the next 30 days. Using the models and assumptions outlined above

the off-site doses were calculated using the following equations:

D =2xBy x Ipx A2 x (3€/Q)2 x 1 DCF

DRFE 131
D, = Integrated two hour dose to the adult thyroid, rads
B, = Breathing rate for 2 hours m3/hour
L, = Ieak rate for 2 hours . ‘ ~ sec~!
KZ = Average dose equivalent curies " curies
I-131 available for leakage '
over the first 2 hours, neglecting
filtration.
(QE/Q)Z = Two hour dispersion factor sec/m3'
DRFz = Reduction factor averaged over
two hours due to recirculation
filtration: DRF, = _2 Nf
_ v -2
l-o
DCF131 = Dose conversion factor for I-131 rad/curie
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For the particulaf case_analyzed o
Bp=1.25 L, =116 x 108 sec!
i
= 6 1 |
DCF131 1.48 x 10° rad/curies
= 1.66 x 105 (¥/Q), rads

3.13 x 107 curies- ' DRF, = 8.1
D 2
For the 22 hour dose calculations, the equation is essentially the

| - 25 ,
D22 - 22 x -B22 x 7122 x A2 x (‘Z/Q.)gz X '(%RF_Z) x DCFlBl

D22 ='Integrated dose to an adult thyroid over rads
‘ the next 22 hours

" Bpo ='Broathing rate ‘for-the next 22_hours o m?/hr
Ly, = Leak iate for.next 22 hours ~ . sec™!
.Kzé =-Average dose equivalent curies ' - curie

of I-131 available for leakage during
the next 22 hours, neglecting filtration

(QC/Q)ZZ ='Next 22 hour dispersion factor L sec/m3

DRF,, = Reduction factor. averaged over the .
o 22 hours due to recirculation filtration

. _ 22\
DRF22 = =z \:¢
| 1o
For the 22 hours case analyzed here
Bpp = 0795 wi/br | Ly =116x 10f8 sec™l
A2z = 2,51 x 107 curies - DRF,, = 89
DCFyaq = 1.48 x 100 rads/curies

Dgp = 25.1+A‘(’3‘/Q)?_2

" The 30 day dose is calculated in much the same manner, although for

this particular case, its contribution to the total dose is negligible. The
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integrated dose versus distance f§r this case is shown on Figure'5.2-1{'
The direct radiation dose from this accident have also been'ev#luated,
The infinite time integrated whole body dose at the surfgce of_the’coniainment is-
léss than 100 mr, so that there is no direét ra&iation hazérd‘to the opefating
personne% of Uni£ No. 1 or Unit No. 2 and to the public.

5¢242 Sénsiiivity to the Behavior of Organic Forms of Iodine

A further analysis has been undertaken to determine thg sensitivity
of the safeguards evaluation to the assumption in_SeCtion 5421 that all forms '
of iodine, inéluding the organic form, are susceptible to the cémbinapionvof p#rtiéulate
and charcoal filtration.3>Should further rQsearch_and development-fail to sﬁpport thq |
~vpractiqality of using special grades'ofvchArcoal.to trap and retain orgénic iodides; ’
it must be assumed that some fraction of-the.volgtile-iddine remains an available
- source for 1eakége fo the environment., While the magnitude and biologicalvsignific;ncé
of this residuél source>are Sﬁbject té_some uncertainty #t this ﬁime, the,following |
inferences can be drawn from published-fepbrtS'ahd personal_pommuhications‘with
investigators in this field,' | | | -

a) The most‘credible explanatién fér the Syhthesis of orgénic jodine’
requires that inorganic iodine (e.g. Molecular Izj'musf first diffuse:to a_metallic
surface and be deposited on that surface-in order toiundergo the synthesis reéction.

| b) The yield of organic iodiné which takes place'in the_interior'_-
of the reactor vessel and coolant pibing is expecfed to b9 Sma;1 (perhapé l—é'cent),
¢) The human ﬁptake factors for organic’iédiﬁe are not:known, but
would be expected to be different from fhose épplied‘to the more -soluble fofms of :
iodine. o | | | - "
d) Once_abSprbea on chargoal, mdleculér iodiné résis@s convérsignn 

to the organic form,
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A preliminary conclusion can be drawn from_the_fact that the removal

‘coefficient for filtration oftmolecﬁlar iodine (u051u54) is an order of magnitude

higher than the removal’coéfficient for deposition on surfaces (assuming a 0,05 cm/sec

' deposition velocity in an enclosure the size of the'reectorfcontainment): that is,

that the fate of molecular iodine released to the containment is much more likely
to be permanent retention on .charcoal than conversion to the orgenic form,. .This

conclusion is further supported by the fact that a large fraction of the iodine is'

'removed from the synthe51s chain by interaction w1th liquid water conden51ng in

_the air, in the recirculation air coolers and on other cool surfaces.

VA The present.evaluatlon is made assuming that the‘net effcctire yieldiof
organic jodine is five'percent of,that'which‘is initially available for leakege ‘
from»the.conteinment,'and that'no rcduction<of tnis source occurs with pessege
through the'particulate'or charcoalffilters.iﬁ |

| The dose equations are modified as follows:

1-] |
D2 2szxL2xA2x(X/Q)2 [0( +BRF‘ xDCF131 :

' where the terms are as prev1ously defined and ol is the fraction of unfilterables.

For the case of X =0, 05

Dp

For the 22 hour dose calculatlon -

=.22ux105(X/Q)2 rads . I

(1—0()e'2 5\

D,, 22 = 22 x B22 x 122 x A22 x (QC/Q)ZZ[E*- + DRFZZ ] x DCF131

Again the terms are as previously defined so that
D, = 3.77 x 105 (7—/@)22 S
" The thirty day dose is given by

30xB x Loy x A x(z/q) o(+(1ec)e-2”\f]xncp
3 30, I‘30 30 30[' By

131

These are similar to the previously defined terms except that they are

for the 30 day period.
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" For the ‘case of 1nterest" S , :
Byy = 20 m3/day 1= 5. 22 x 1079 sec™
K3O-='5.83 X 106chries>',h ‘ . XK= 0 05
DRF3O = 2,92 x“103 N DCF131 = 1.48 x 106 rads/curles

D3o = 1.35 x 106 (GK/Q)3O rads

 The integrated doses for 2 hours and for 30 days are shown on Figure 5 2-2.,

- The 30 day dose assumes that the same person recelved the 2 hour, 22 hour and 30 day

doses as calculated...

The direct fadiation‘whols_body‘doses are the same as those cslculatea

_in Section 5.2,1s
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FIGURE 2
GENERAL IZED GEOLOGIC MAP OF THE LOWER THIRD OF THE

FORMATIONS SOUTH OF PEEKSKILL, AND EAST OF THE HUDSON
WEST POINT QUADRANGLE, NEW YORK.

RIVER, REGARDED BY BERKEY AS OF "DOUBTFUL" AGE AND MAPPED

FORMATION BOUNDARIES
AFTER C. P. BERKEY.
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MAP AND DESCRIPTION SHOWING LOCATION
OF SOURCES OF POTABLE AND INDUSTRIAL

WATER SUPPLIES AND WATERSHED AREAS
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MAP AND DESCRIPTION
OF THE AREA

SHOWING SEWAGE SYSTEMS
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