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1.0 SITE AND ENVIRONMENT 

1. 1 SUMMARY OF CONCLUSIONS 

This volume of the PSAR sets forth the site and en. ironmental 
data which together form a basis for the criteria for d signing the 
facility and for evaluating the routine and accidental elease of radio
active liquias and gases to the environment. These/data support the 
conclusion that there will be no undue risk to pub ic health and safety 
with the plant ldsigned as planned and the enviromental characteris
tics described i6ithis volume. The strength o this conclusion rests 
not only upon the data themselves but upon t favorable opinions (also 
included in this volume) of several indepen ent consultants to the 
Applicant, each speal ng within his partiular area of expertness, -

health physics, demography, geology, s ismology, hydrology or 
meteorology, as the case may be..  

*The task of evaluatingthe environmental characteristics of the 
area has been facilitated by the significant fact that for ten years 
studies and measurements of th e characteris tics have been made, 
whereas for almost three year measurements have been made of the 
effects on evironment of rel/ases\from an operating nuclear power 
facility, the facility the subj'ect of AEC License No. DPR-5.  

Careful projectionhave been made of the probable growth of 
population in the areand these projections have been taken into 
account in plant desig. both as to control of accidents and as to assump
tions about operatio 

Only Forty,-six people reside within 1/2 mile of Unit #2 and only 
100 live within one mile. Approximately 53, 000.eople now reside 
within a 5-mile radius of the proposed facility. The largest concentra
tion of population is in the City of Peekskill (Population 19, 000; 
estimated 1985 population, 30, 000) the center of which is about 2 1/2 
miles northeast of the site. The most densely populate 15 degree 
sector, within 5 miles, is toward Peekskill to the northest and contains 110 1(Speople".k 

/ 
The 1960 population within a 15-mile radius of the site was 

32 6,930 whereas the 1980 estimated population (according to the It /  ,,N ,,compromise projection favored by the consultant involved) is 670, 210.  
/The projections do not indicate, and there is no reason otherwise o 
conclude, that the land usage within this radius will shift apprecia y 
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continued and reported. The radiation measurements of fallout, water 
samples, vegetation, marine life, etc. have shown no perceptible 
post-operative increase in activity. Noticeable increases in fallout 
have coincided with weapons testing programs and appear to be related 
almost entirely to those programs. The New York State Department 
of Health recently concluded an independent two-year post-operative 
study and found that environmental radioactivity in the vicinity of the 
site is no higher than anywhere else in the State of New York.  

Consultants participating in the preparation of the various reports, 
measurements and conclusions appearing in this volume include 
Dr. Merrill Bisenbud, Director of Environmental Radiation Laboratory, 
Institute of Industrial Medicine, New York University; Dr. Benjamin 
Davidson, meteorologist and Director, Geophysical Science Laboratory, 
New York University College of Engineering; Dr. Edgar M. Hoover, 
Regional Economic Development Institute, In6.; Metcalf & Eddy.  
Engineers, hydrology specialists; Rev. J. J. Lynch,* S. J. , Director of 
the Seismic Observatory, Fordham University; Mr. Sidney Paige, 
Consulting Geologist; Mr. Karl R. Kenniston, Consulting Civil and 
Hydraulic Engineer; and Mr. Thomas W. Fluhr, P. E., Consulting 
Engineering Geologist. Reports made by Captain Elliott B. Roberts, 
Chief of the Geophysics Division, U.S. Department of Commerce and 
by Mr. James Dorman, Lamont Geological Observatory, Columbia 
University have also been utilized.

1-3



1. 4 POPULATION AND LAND USAGE

The population and land usage within a 55 -mile -radius of the Indian 
Point site has been compiled by the Regional Economic Development 
Institute, I ncorporated, under the direction of Dr. Edgar M. Hoover.  
The population and land usage has been projected to 1980 by the Institute 
based on estimates produced by the Regional Plan Association of New 
York. The report prepared by the Institute is included herein.  

Dr. Hoover served on the staff of the Harvard University New York 
Metropolitan Region Study from 1957 to 1959. He is the author of "'Location 
of Economic Activity"', and "'Anatomy of a Metropolis"' and has served in 
several federal government agencies including the Presidential Regional 
Science Association in 1962.  

The area surrounding the Indian Point site is generally residential 
with some large parks and military rese rvations. The majority of the 
area to the east- of the river within 15 miles of the site is zoned for res 
idential usage as shown on the map in Figure 1. 4-3. West of the river 
within a fifteen-mile radius the Palisades Interstate Park and residential 
areas are a, dominant land usage. The only agricultural areas within 
fifteen miles are south or northwest of the plant on the west side of the 
river.  

About sixty-six people reside within a 11 0 0 -meter radius of Unit 
No. 2, all of them to the east southeast. This distance has been used as 
the outer boundary of the low Population zone in the analysis of a post
ulated fission product release. The outer boundary of the more densely 
populated area of Peekskill has been used 'as the population center dis
tance which exceeds one and one-third times the distance from the re
actor to the outer boundary of the low population zone as defined in 10 
OFRiQO. 11.  

Several maps are included to illustrate the population distribution 
and land usage. Figures 1. 4-1 and 1. 4-2 show the population distribution 
radially by sectors out to 55 miles and 15 miles, respectively,, which are 
based upon the report herein. Figure 1. 4-3, 1. 4-4, and 1. 4-5 show re
spectively, the land usage based upon official zoning maps, areas served 
by public utilities, and areas served by sewage systems.



1. 7 GEOLOGY 

The geological characteristics at the location of Unit No. 2 are 
practically identical to the existing Unit No. 1. The Indian Point site 
consists of a fine -grained phyllite, a schist, and limestone with bedrock 
lying very close to the surface. Unit No. 2 will be located on limestone, 
which is hard because of its jointed condition. The consulting geolog ist 

has stated that the bedrock is sufficiently sound to support any loads 
which may be anticipated up to 50 tons per square foot. This far 
exceeds any foundation load that will be superimposed on the site.  
The limestone is not cavernous. The intensely jointed condition of 
the limestone shows that stresses within the rock formation have 
been dissipated., almost eliminating the possibility of se'ismic activ
ity. The jointed limestone formation is very permeable and all ground 
water will flow from the hills toward the river making it impossible 
for drainage from the plant to go anywhere except the river.  

The Indian Point site and surrounding area were studied in 1955 
by Sidney Paige, Consulting Geologist, prior to construction of Unit 
No. 1. -His report is included in this section. In 1965, Thomas W. Fluhr, 
P. E. and Engineering Geologist, reviewed the geology of the site and 
made additional borings at the location of Unit No. 2. Also included is 
his report, which verifies Mr. Paige's conclusions and confirms that 
the geologic features of Unit No. 2 aide the same as Unit No. 1.
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pressure element and three. low pressure double flow elements each exhausting 

into its own condenser. The exhaust steam from the high pressure turbine 

element exhausts into six horizontal moisture separators where moisture is 

removed and the steam reheated by live steam prior to entering low pressure 

turbine elements.  

Three surface type, single pass, radial flow condensers are provided 

with bolted divided water boxes at both ends. The hotwell is designed for 

two minute storage while operating at maximum turbine throttle flow with free 

volume for condensate surge protection. Provision is made for condensing the 

main feedpump drive turbine exhaust. The condensers have steam turbine by

pass condensing arrangements to condense turbine bypass steam for controlled 

startups and to condense residual and decay heat steam.  

Three motor driven, multi-stage, vertical, pit type, centrifugal condensate 

pumps are provided, each taking suction from the condenser hotwells. The 

condensate pumps discharge into three separate parallel trains of feedwater 

heaters and provide the suction supply to the feedwater pumps.  

One four element, two stage air ejector with common inter-and after

condensers is provided for each condenser. For normal air removal, one air 

ejector unit is required per condenser. The ejectors function by using main 

steam.  

2.2.8 ELECTRICAL SYSTEM 

The main generator has sufficient capability to, handle the gross kilowatt 

output of the steam turbine with its control valves wide open at rated steam 

conditions. The generator will feed electrical power at 22 KV through isolated 
phase bus to two half-sized main power transformers.  

The auxiliary power distribution system for 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 Ky. One transformer, des
ignated 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. The main step-up transformer will be a 
conventional 2-winding forced oil-air cooled unit. The station service system 

will consist of auxiliary transformers, 6900 V. switchgear, 480 V. motor control 

centers, and 125 V dc equipment. Emergency power supplied by two of three 
diesel engine driven generators will be capable of operating post-accident con
tainment cooling and air cleaning equipment as well as partial capacity of both
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Most of the high pressure piping runs within the ring wall. The annulus be

tween the ring wall and the containment outside wall serves as a pipe chase. A 1 

foot thick floor shields the piping from the areas accessible for inspection at power.  

Certain additional equipment, such as the regenerative heat exchanger and high pres

sure piping not within the ring wall are individually shielded. The containment ven

tilation system fans, coolers and filters are located in the annulus.  

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 feet thick. The concrete walls are lined with coated 3/8 inch 

carbon steel plate and the floor with 1/4 inch stainless steel plate. The linings 

provide a leakproof membrane that is resistant to abrasion and damage during 

fuel handling operations.  

5.1.2.2 Containment Leak Prevention 

a) General 

Penetrations are designed with double seals so as to permit con

tinuous pressurization during plant operation to prevent outleakage in the 

event of loss-of-coolant accident. In addition small steel channels are 

welded over all joints in the containment vessel liner to form chambers 

which will also permit continuous pressurization. Pressure in the pene

trations and liner joint channels will be maintained above containment 

incident pressure by the Containment Penetration Pressurization System 

described in Section 5-4. This system also allows introduction of Freon 

or a similar tracer gas for leak detection as may be required should 

consumption of pressurizing air be excessive. These provisions, in addi

tion to the Isolation Valve Seal Water System, effectively block all con

tainment leakage paths.  

Typical electrical and pipe penetrations are shown by Figure 5-3a.  

In general, a penetration consists of a sleeve imbedded in the reinforced 

concrete wall and welded to the containment liner. The weld to the liner 

is shrouded by a channel which is pressurized during plant operation to 

assure 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 also pressurized by an out

side air supply to a value above the maximum expected during a loss-of
coolant accident. The plant air supply has backup supplies of nitrogen 
gas capable of 24 hours of service. A view of a typical penetration



All structures and components, including equipment and systems, are 

classified as follows: 

TABLE 5-3 
CLASSIFICATION FOR SEISMIC DESIGN 

1. Definition of Classes 

Class I 

Those structures and components whose failure might cause or increase 

the severity of a loss-of-coolant accident or result in an uncontrolled 

release of excessive amounts of radioactivity. Also, those structures 

and components vital to safe shutdown and isolation of the reactor.  

Class II 

Those structures and components which are important to reactor operation 

but not essential to safe shutdown and isolation of the reactor and whose 

failure could not result in the release of substantial amounts of radio

activity.  

Class III 

Those structures and components which are not related to reactor opera

tion or containment.  

2. Buildings and Structures 

Class Items 

I Containment (including all penetrations and air locks, 
the concrete shield, the liner and the interior structures) 

I Spent fuel pit 

I Control room (including connected buildings) 

II Auxiliary building (excluding spent fuel pit) 

III Turbine room 

III Buildings containing conventional facilities 

3. Equipment, Piping and Their Supports 

I Reactor Control and Protection System 
I Radiation Monitoring System 
I Process Instrumentation and Controls
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The latter value is typical of steady state heat transfer coefficients 

for steam condensing through a stagnant surface air layer where the ratio 

of air to steam is high. The former values are reasonable since the ini

tial blowdown will produce large amounts of steam in the containment to

gether with high turbulence. Thus the ratio of air to steam will be low 

and a turbulent boundary layer will exist leading to a high film coefficient 

of heat transfer. The assumed reduction in film coefficient is conserva

tive since, as predicted by Jacob and demonstrated by 

the film coefficient will be a function of the ratio of air to steam in the 

containment which will not be reduced significantly until pressure reduc

tion due to steam condensation occurs.  

Provision is made in the computer analysis for several engineered 

safeguards including ventilation fan coolers, internal spray, and recircula

tion of sump water. The heat removal capacity of the fan coolers for 

high-humidity accident conditions is based on a conservative estimate 

from previous similar applications. The heat removal from the contain

ment steam-air phase by internal spray is determined by allowing the 

spray water temperature to rise to the steam-air temperature. This 

procedure has been experimentally verified(5).  

Finally, hot metal surfaces not cooled by safety injection water are 

simulated as hot walls in contact with the containment steam-air mixture.  

A small film heat transfer coefficient is employed to reflect actual con

ditions since these surfaces are covered by stagnant steam inside the 

reactor coolant system.  

12.2.2.2 Selection of Cases for Analysis 

Although it was expected that complete severance of the reactor coolant 

piping would be the worst case, several smaller breaks were analyzed as well, 

in order to verify that the worst case had been chosen. Past experience has 

shown that the double-ended rupture of the 29-inch L.D. piping near the reactor 

vessel outlet nozzle causes the largest initial containment pressure rise due to 

lack of time to transfer heat to the containment sinks. For smaller breaks, 

the initial discharge carries more residual heat and stored heat into the con

tainment due to longer blowdown times, but more heat is absorbed by the sinks.  

To show that the containment pressure does not exceed safe limits for 

any size break smaller than the 29-inch rupture, several additional cases were 

analyzed. These include:
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early removal of iodine by condensation and deposition effects.  

(2) Of the remaining airborne iodine, it is assumed that elemental 

iodine (12) formed by air-oxidation of iodides, and methyl iodide 

(CHAI formed by reaction with trace organics will determine the 

efficiency of the removal process. Solid particulates and vapors 

such as HI are more readily trapped than these two forms.  

(3) Both 12 and CH 3 1 are assumed to penetrate the moisture sep

arator and absolute filter banks without holdup.  

(4) The 12 vapor entering the activated charcoal filter bed is re

tained with high efficiency. In the absence of channeling or other 

mechanical defects retention of 99.9 + To of the entering 12 has been 

demonstrated in numerous published tests(7, 8, 9). The affinity 
of activated charcoal derives from a chemical type bond which is not 

weakened at the prevailing conditions of temperature (-260 0 F) and 

moisture (100%1 relative humidity).  

(5) The absence of mechanical defects will be tested in place peri

odically by introducing a freon or iodine vapor aerosol upstream of 

each charcoal filter bank and sampling the effluent.  

(6) The CH 3 1 vapor entering the charcoal filter-bed, while itself only 

weakly adsorbed at the prevailing conditions, will undergo isotopic 

exchange with non-radioactive 12 impregnated in the charcoal prior 

to installation. The use of impregnated charcoal to trap radioiodine 

introduced as CH3 1 has been studied recently at ORNL( 8 , 9). Pub

listed results of these studies indicate that exchange efficiencies as 

high as 98% are obtainable at 1681F and 100% relative humidity with 

practical bed dimension (5 cm bed depth, and 0.25 sec. residence 

time). Using similar data obtained at room temperature as a basis 

for extrapolation, it is reasonable to predict exchange of 85% at the 

post-accident condition of about 260OF and 100%1 R.H., as shown in 

Figure 12-5. Measurements at the design condition will be made in 

the near future at ORNL. It is expected that these data will also 

confirm the conservatism of the assumption used in the analysis: 

i.e., that 70%O of the radioactive iodine entering as CH3 1 is retained 

by the charcoal bed.
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Applying the appropriate dose reduction factors to the TID-14844 leakage 

source, and calculating the downwind dispersion of the leakage plume with the 

site metorological model (Section 12.2.4.8), one obtains the following integrated 

thyroid doses at off-site locations: 

TABLE 12-2 
INTEGRATED THYROID DOSE 

2 Hr Exposure at 30 Day Exposure at 
520 Meters 1100 Meters (Min.  
(Min. Exclusion Low Population 
Radius) Zone Radius) 

1. Leakage Terminated in one 

minute by Isolation Valve 

Seal Water System 1.0 Rem 0.5 Rem 

2. Continuous leakage (at 0.1%/ per 

day at design pressure) with 

full operation of safety injection 

and post-accident filters 7.8 Re m 7.8 Re m 

3. Continuous leakage with full 

operation of safety injection and 

post-accident sprays 2.6 Re m 2.5 Rem 

4. Continuous leakage with no 

safety injection, but with post

accident filters only operating 

on emergency power 98 Rem 98 Rem 

5. Continuous leakage with no 

safety injection, but with post

accident sprays only operating 

on emergency power 44 Rem 35 Rem 

6. 10CFR100 limit 300 Rem 300 Rem 

12.2.4.8 Off-Site Dose Evaluation Model 

The following paragraphs present the model which has been used in 

evaluating off-site doses.  

The initial halogen source available in the core was determined using the 

following parameters: 

Isotope Saturation Inventory 

1-131 2.47 x 104 C/MWt 

1-132 3.74 x 10 C/MWt
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where Cy CZ and n are the dispersion parameters, u is the wind speed, y is 
the lateral distance from the plume center line, x is the downwind distance 

and Q is the point source release term.  

In order to take into account building dilution, the Sutton equation is ap

plied to a virtual point source upwind from the containment. The distance of 

this source from the building is obtained by the requirement that the dis

persion factors cy and az of the gaussian distribution obey the relationships: 

4 cy = VA 

4 cz = VA

where A is the cross sectional area of the containment building. Thus ay 

and az yield each a value for the distance; the geometric average of those 

values is the distance Xo upwind of the virtual source.  
1 

(8 2-n 

The modified Sutton equation becomes: 

2Q- 2 (x + xo)n-2 

2 e y 
IT UCy Cz (x + xo) 2 -n 

The first and second periods of the dose calculation utilized this modified dis

persion formula, a building area of 2000 square meters, and the inversion para

meters assumed in TID 14844 which are conservative for the Indian Point site.  

Category Cy Cz  n u xo 

Inversion-I 4n/2 .07 mn/2 .5 1 m/sec 430 m 

The first period comprises the first two hours after the accident. The 

direction of the 1 meter per second wind is assumed to be constant throughout 

the period.  

The second period is the next 22 hours following 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 hours after the accident to 31 days after the 

accident. During this period, the meteorological conditions are assumed to be 

randomly distributed among the categories listed on the next page:
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2. Thunderstorm 

The following model is used: the thunderstorm extends over a three 

square mile area centered at the reservoir and lasts one hour.* All 

the iodine released during the first hour after the accident travel to 

and are entrained in the thunderstorm circulation.  

_]t is the rate of iodine removal from the cloud.  

Q = 1.4 curies of 113 1 

- = 2 x 10 - 4 sec- 1 

Washout - Q (1 -e - curies/m 2 

7.68 x 106 

This formula yields:

Washout (tic/m 2 ) 
First day concentration (4c/ml) 

Yearly averg. concentration (tic/ml) 

Yearly averg. concentration (MPC) 

Dose -20 gr thyroid (rem) 

Dose -2 gr thyroid (rem) 

The same conclusions can be drawn

Campfield Queensboro 

9.3 x 10 - 2 9.3 x 10-2 

2.1 x 10-8 6.6 x 10 - 8 

6.5 x 10-10 2.1 x 10 - 9 

2.2 x 10 - 3  7.0 x 10 - 3 

6.7 x 10 - 4  2.2 x 10- 3 

1.7 x 10 - 3  5.4 x 10- 3 

as for the continuous rain.

*See "Elements of Cloud Physics" by H. R. Byers (1965), Page 183-184
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Azimuthal oscillations are those that circulate around the face of a cylin

drical. core at a fixed radius. The angular position of the peak power varies 

with time. In a practical core design (which is not exactly cylindrical) the azi

muthal oscillations may take the form of power tilts between diagonal quadrants 

of the core. The peak power would shift from one quadrant to the diagonal 

quadrant as a function of time.  

Radial oscillations cause the power peak to move along a radius of the 

core. For example, during one phase, the power peak would occur at the cen

ter of the core; at a later time, the peak would occur near the outside of the 

core.  

It has been shlown( 2 ) that for cores with no flux flattening, or with equal 

degrees of flux flattening in the axial and radial directions, axial and azimuthal 

oscillations are equally probable when the core length to diameter ratio (L/D) 

is 0.91. The (L/D) ratio of the Indian Point II core is 1.08 making the proba

bility of axial slightly greater than for azimuthal oscillations. Furthermore, 

there should be less tendency for azimuthal oscillation than for axial oscillations, 

since the principal exciting mechanism (control rod motion) is non-symmetric 

in the axial direction but is symmetric in the x-y plane. Equal probability of 

axial and radial oscillations occur when core length to diameter ratio (L/D) is 

0.55. Since the L/D ratio is 0.92, radial oscillations are unlikely.  

III. EFFECT OF MODERATOR COEFFICIENT ON SPATIAL STABILITY 

The general subject of the effect of reactivity coefficients on the spatial 

stability of pressurized water reactors has been discussed in reference(3). In 

particular the understanding of the effect of positive moderator coefficients on 
spatial stability has been evaluated.  

It can be concluded from the results of reference(3) and the results for 

this particular core presented below that the Doppler coefficient is sufficiently 

negative to damp out any potential spatial instabilities due to the moderator co

efficient. In addition, the effects of the neutron leakage increase the margin of 

stability.  

The manner in which a redistribution in power can add reactivity, includ

ing the effect of increased neutron leakage, has been demonstrated in the case 

of xenon poisoning by many authors. A threshold analysis similar to that 

(2) D. Randall and D. S. St. John, "Xenon Spatial Oscillations", NUCLEONICS, 
16, No. 3, 82 (1958).  

(3) R. J. French, et al, "Reactivity Coefficients in Westinghouse Pressurized 
Water Reactors" WCAP 2858 (October, 1965) (included as Appendix B).  

App.  
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INDIAN POINT #2 
PRELIMINARY REPORT

BROOKWOOD 
PRELIMINARY REPORT

CONNECTICUT YANKEE 
PRELIMINARY REPORT

REACTOR COOLANT SYSTEM - CODE REQUIREMENTS 

Component

Reactor Vessel 

Steam Generator 
Tube Side 
Shell Side 

Pressurizer 

Pressurizer Relief Tank 

Pressurizer Safety Valves 

Reactor Coolant Piping

ASME III Class A 

ASME III Class A 
ASME III Class C 

ASME III Class C 

ASME III Class C 

ASME III 

ASA B31.1

ASME III Class A 

ASME III Class A 
ASME III Class C 

ASME III Class A 

ASME III Class C 

ASME III 

ASA B31.1

ASME VIII, 1270N, 1273N 

ASME VIII, 1270N, 1273N 
ASME VIII, 1270N, 1273N 

ASME VIII, 1270N, 1273N 

ASME VIII, Par. UW-2 

ASME I, Case 1271N 

ASA B31.1

PRINCIPAL DESIGN PARAMETERS OF THE 
REACTOR COOLANT SYSTEM

Reactor Heat Output, MWt 
Reactor Heat Output, Btu/hr 
Operating Pressure, psig 
Reactor Inlet Temperature 
Reactor Outlet Temperature 
Number of Loops 
Design Pressure, psig 
Design Temperature, 0F 
Hydrostatic Test Pressure (Cold), psig 
Coolant Volume, including pressurizer,cu.ft.  
Total Reactor Flow, gpm

PRINCIPAL DESIGN PARAMETERS OF THE 
REACTOR VESSEL

Material 

Design Pressure, psig 
Design Temperature, 0F 
Operating Pressure, psig 
Inside Diameter of Shell, in.  
Outside Diameter Across Nozzles, in.  
Overall Height of Vessel & Enclosure Heat,ft-in.  
Minimum Clad Thickness, in.

SA-302 Grade B, low 
alloy steel, internally 
clad with Type 304 aus
tenitic stainless steel 
2485 
650 
2235 
173 
245 
42-4 
5/32

SA-302 Grade B, low 
alloy steel, internally 
clad with Type 304 aus
tenitic stainless steel 
2485 
650 
2235 
132 
220 
39-0 
5/32

SA-302 Grade B, low 
alloy steel, internally 
clad with Type 304 aus
tenitic stainless steel 
2485 
650 
2050 
154 
234 
41-6 
5/32

REFERENCE 
LINE NO.

2758 
9412 x 106 
2235 
543 
596 
4 
2485 
650 
3110 
12,209 
358,800

1300 
4437 x 106 
2235 
556 
605.4 
2 
2485 
650 
3110 
6238 
180,000

1473 
5027 x 106 

2050 
546 
587.0 
4 
2285 & 2485 
650 
3735 
8635 
248,400



Criterion 1 
Page 2 

In the case of the reactor vessel, additional quality assurance is gained 

through measurement of physical and chemical properties as well as nil ductility 

transition temperature (NDTT) to ascertain t hat these are in accordance with 

the Code and acceptable for the application. Westinghouse verifies that 

these measurements are made by the vessel and material vendors, and develops 

further checks on material quality by pre-irradiation tests associated with 

the vessel surveillance program. As will be shown by the design analysis 

performed for the reactor vessel, the fatigue usage factor, derived from 

an assumed number of thermal cycles which is more than four times the probable 

number of such cycles for this plant, will be less than that at which propagation 

of material defects would occur. Design margin and material surveillance 

ensure that the vessel will be operated well within the ductile range of 

temperatures when stressed above 20% of the material yield point. The reactor 

vessel size is within the range of previous experience of the manufacturer 

and of the nuclear plant designer.  

The reactor vessel and other components of the Reactor Coolant System are 

designed for a temperature of 6500 l and pressure of 2485 psig. The normal 

operating conditions of 2235 psig and hot leg temperature of 596*r provide 

adequate margins for normal maneuvering and operating transients.  

All piping, components and supporting structures of the reactor and safety 

related systems are designed in accordance with Class I seismic criteria.  

These criteria specify that there will be no loss of function of such equipment 

in the event of a ground acceleration of 0.1 g, acting in the horizontal 

and directions simultaneously. The dynamic response of the structure to 

ground acceleration, based on appropriate spectral characteristics of the 

site foundation and on the damping of the structure, is included in the design 

analysis.  

The reactor containment is similarly defined as a Class I structure. Its 

structural members will have sufficient capacity to accept without exceeding 

yield stresses a combination of normal operating loads, functional..loads 

due to the 47 psig design pressure acting simultaneously with a 0.1 g seismic 

ground acceleration in the horizontal and .05g acceleration acting in the 

vertical direction. Loadings imposed by the maximum wind velocity (30 psf) 

will be compared with those due to earthquake, and the larger of the two 

will be used in the design of each member.



CRITERION 8 

Reactivity shutdown capability must be provided to make and hold the core 
subcritical from any credible operating condition with any one control element 
at its position of highest reactivity.  

The maximum excess reactivity expected for the Indian Point Unit 2 core 

is 0.305 and occurs for the cold, clean condition at the beginning of life 

of the initial core. This excess reactivity will be controlled by a combination 

of control rods and soluble neutron absorber (boron). A total of 53 Rod 

Cluster Control (RCC) Assemblies are provided with a total worth of 0.07.  

These RCC assemblies are divided into two categories, a control group and 

a shutdown group.  

The control group, used in combination with chemical shim control, provides 

control of the reactivity changes of the core throughout the life of the 

core at power conditions. This group of RCC assemblies is used to compensate 

for reactivity changes at power that might be produced due to variations 

in reactor power requirements or in coolant temperature. The chemical shim 

control is used to compensate for the more slowly occurring changes in reactivity 

throughout core life such as those due to fuel depletion and fission product 

buildup.  

The shutdown group is provided to supplement the control group of RCC assemblies 

to make the reactor at least one per cent subcritial (k = 0.99) following 

trip from any credible operating condition to the hot, zero power condition 

assuming the most reactive RCC assembly remains in the fully withdrawn posi

tion. Boric acid solution will be used to supplement the RCC assemblies 

in maintaining the shutdown margin for the long term conditions of xenon 

decay or plant cool down.
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of some steam and raising the temperature of the injected water, s ome of 

which subsequently spills to the containment sump. Before the supply of 

water in the refueling water storage tank is depleted, water from the sump 

is recirculated to the reactor coolant system through the residual heat 

exchangers. At a minimum, this recirculated water flow is sufficient to 

assure continued cooling of the core by evaporation, using one residual 

heat removal pump and residual heat exchanger and one safety injection pump.  

This evaporation will release some or all of the residual heat to the 

containment.  

Twommeans of removing heat from the containment atmosphere are provided: 

1) The air recirculation units cooled by service water, and 

2) The containment spray and water recirculated to the core by a 

residual heat removal pump, a safety injection pump, and cooled by 

component cooling water circulated through the residual heat 

exchaniger.  

Each of these systems provide sufficient steam-condensing capacity to assure 

against containment overstress and to remove that portion of the residual 

heat released to the containment.  

Two of the three emergency diesel generator sets can power the residual heat 

removal pump, component cooling with pump and service water pump, and safety 

injection pump which are needed to assure recircu lation and cooling of water 

from the sump to the reactor core. In addition, the equipment for either of 

the cooling systems needed to assure sufficient containment heat removal can 

be powered without exceeding the capability of two of the three diesels. These 

additional loads are either: 

1) For operation of the ventilation air cooling units: 

a. One service water pump 

b. Four of five containment cooling unit fans, or



CRITERION 11 

Components of the primary coolant and containment systems must be designed 
and operated so that no substantial pressure or thermal stress will be imposed 
on the structural materials unless the temperatures are well above the nil
ductility temperatures. br ferritic materials of the coolant envelope and 
the containment, minimum temperatures are NDT + 600F and NDT + 300 F, respectively.  

The design transition temperature (DTT) for the reactor vessel material before 

irradiation will be specified after the actual notch ductility properties 

of the materials have been determined. The specified DTT for each plate 

will be a minimum of nil ductility transition temperature (NDTT) plus 600 F 

at all times and will dictate the procedures followed in the hydrostatic 

test and in station operations to avoid excessive cold stress. The value 

of DTT will be increased during the 40 year design life of the plant as required 

by the expected shift in the NDT temperature, confirmed by the experimental 

data obtained from irradiated specimens of reactor vessel materials during 

the plant lifetime.  

A DTT shift of 2750 1has been selected as the value which will allow plant 

operation on the basis of design plant heatup and cooldown rates and yet 

provide an adequate margin between the maximum DTT and the normal reactor 

operating temperature. The DTT shift of 2750 Fcorresponds to an integrated 

fast flux (E > 1 Mev) of approximately 3.7 x 10 n/cm 2 which is well in 

excess of the expected exposure of 1 x 1019 n/cm 2 for this vessel throughout 

the plant lifetime.  

To define permissible operating conditions below DDT, a pressure range is 

established which is bounded by a lower limit for pump operation and an upper 

limit of vessel stress criteria. To allow for thermal stresses during heatup 

or cooldown of the reactor vessel, an equivalent pressure limit is defined 

to compensate for thermal stress as a function of rate of change of coolant 

temperature. As the normal operating temperature of the reactor vessel will 

be well above the maximum expected DTT, brittle fracture during normal operation 

is not considered credible.
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Each protection channel in'service at power is capable of being checked and 

its trip points calibrated independently by simulated test signals to verify 

its operation. This includes checking through the final relay which forms 

a part of the two-out-of-three logic. Thus the operability of each trip 

channel can be determined without ambiguity.  

There are no stringent requirements for detection of spatial variations during 

accident conditions since the control rods are not normally moved individually 

but rather in prewired groups. Should an individual rod move, it can be 

withdrawn at a maximum speed of 15 inches/minute. In the event of the hypothetical 

rod ejection, the flux increase is rapid enough in all quadrants of the core 

to be sensed on all out of core channels and effect an immediate reactor 

trip. (See Criterion 7.) 

The initiation signal for the safety injection system provided for loss

of-coolant accidents is accomplished from redundant signals derived from 

reactor coolant system instrumentation. Each of three pressurizer pressure 

instruments and each of three pressurizer water level instruments sends a 

signal to relay matrices which develop actuation signals when two-out-of

three low pressure signals are received in coincidence with two-out-of-three 

low water level signals. Channel independence is carried throughout the 

system from the sensors to the signal output relays including the power supplies 

for the channels. The coincidence circuit allows checking of the operability 

and calibration of each channel at any time.  

The signal for containment isolation; i.e., the isolation valves trip signal 

is derived from a coincidence of two-out-of-three containment high pressure 

signals. For this circuit also, the channels are independent from sensor 

to output relay. Calibration and operability checks may be performed on 

the individual channels at any time since a two-out-of-three coincidence 

circuit is provided for containment isolation.  

The initiation signal for the containment cooling and filtration system and 

containment spray is accomplished from coincident high containment pressure 

and safety injection signals.



ATTACHMENT 2 

INSPECTION REQUIREMENTS AND STANIDARDS 

The detection of flaws during fabrication of the reactor vessel will be 

accomplished by the following non-destructive testing techniques.  

1. Radiographic Examination - all pressure containing welds.  

2. Ultrasonic examination - all plates. forgings, closure studs, Pipes 

and tubes.  

3. Magnetic Particle Examination -all surfaces to be clad or welded.  

All unclad surfaces and welds after hydro test. Closure stud surfaces 

before and after threading.  

4. Liquid Penetrant Examination - all cladding after final stress relief.  

All weld overlay in weld regions after stress relief.  

The acceptance standards for all above inspections are based upon Section III 

of the ASME Code as follows: 

In radiographic examination of welds, acceptable defect sizes are as follows: 

A. Parallel to the external surface: 

1. Slag inclusions no longer than 3/4 in.  

2. Porosity not exceeding 0.240 sq. in. of total area in any 6 in. of 

weld length and located within the space limits given in Appendix 

IV of Section III.  

B. Perpendicular to the external surface: 

1. Defects not greater in dimension than 2Z% of the wall thickness up 

to 6 inches and 1%' of the wall thickness for those exceeding 6 inches.  

No cracks, lack of weld fusion or lack of weld penetration will be tolerated.  

In ultrasonic examinations, acceptable defect sizes are as follows: 

A. Plate -Longitudinal Wave 

1. A defect in which the area does not exceed a 3 inch diameter circle 

or a circle whose diameter is one half the plate thickness, whichever 

is larger.
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All safeguards systems in operation at any one time can be powered by two 

of the three emergency diesel-generators provided. The containment pressure 

transient curve is shown on Figure 4b-l.  

Following the reactor coolant system blowdown, the safety injection pumps 

deliver 505 lb/sec. of 100°F borated water from the refueling water tank 

starting at 20 seconds. Part of the flow is boiled off when it comes in contact 

with the hot core, and passes through the break into the containment. The 

addition of safety injection water results in only 4.7 percent total metal 

water reaction by the time the core is cooled and covered at 430 seconds.  

The residual heat generation rate after that time is insufficient to cause 

any net steam formation in the safety injection water. The water level rises to 

the level of the break at 542 seconds, and the heated injection water spills 

out into the containment after this time. At 45 seconds, one internal spray 

pump begins delivering 2600 gpm of 100°F water. At 2700 seconds, spray 

and safety injection exhausts the supply of water in the refueling water 

storage tank. Spray is shut off and recirculation is started. ,Hot containment 

sump water is withdrawn at the rate of 3000 gpm, passed through a residual 

heat exchanger and returned to the core via the core deluge and safety 

injection lines. Because the recirculation water leaving the heat exchanger 

is warmer than the safety injection water, some steam is formed by core decay 

heat. However, heat removal by the static heat sinks and fan coolers are 

able to prevent a large change in containment pressure.  

Figure 4b-2 shows the integrated core residual heat generation and the reactor 

vessel metal energy release curves. For conservatism, the decay heat was 

calculated on the basis of infinite operating lifetime prior to the accident.  

The hot metal energy is released as the safety injection water contacts the 

walls of the reactor vessel. The total energy available to boil or heat 

injection water consists of the above two energy terms plus the metal-water 

reaction energy shown on Figure 4b-3 and the initial core stored energy of 

42.OxlO 6Btu. The next energy source for the core and vessel is the enthalpy 

of the 100OF safety injection water entering the vessel. This curve is also 

shown on Figure 4b-2 and included in the energy balance for the containment.  

At 2700 seconds, the supply of safety injection and spray water in the
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SANPLE ENERGY BALANCE AT 1000 SECONDS 

All energies have units of 10 6Btu.  

1. Core and Vessel Energy Terms 

Decay Heat (Figure 4b-2) 94.0 

Metal-Water Reaction (Figure 4b-3) 5.4 

Vessel Metal Energy (Figure 4b-2) 3.5 

Initial Core Stored Energy 42.0 

Safety Injection Enthalpy 33.6 

177.5 

Steam Flow to Containment (Figure 4b-4) 126.0 

Vessel Water Stored Energy (Figure 4b-6) 48.0 

174.0 

Error =3.5 'Q%.0%) 

2. Containment Energy lerms 

Steam Flow to Containment (Figure 4b-4) 126.0 

Spray and Spilled Safety Injection (Figure 4b-4) 32.4 

Hot Walls and Steam Generators (Figure 4b-4) 22.0 

Hydrogen-Oxygen Recombination Energy (Figure 4b-3) 4.2 

Reactor Coolant System Blowdown 324.4 

509.0 

Structural Heat Sinks (Figure 4b-5) 65.0 

Four Fan Coolers (Figure 4b-5) 51.0 

Sump Water Stored Energy (Figure 4b-6) 166.0 

Steam-Air Stored Energy (Figure 4b-6) 223.0 

505.0

Estimated Error = 4 (%0.6%)
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Fourth, the energy of steam generation is added to the containment at a 

uniform rate between 10 and 1010 seconds. The superheat energy source is 

simulated by using a heat source which goes directly into the containment 

steam-air phase over a 10 second period at the specified times.  

The pressure transient curves are presented for the following cases of 

energy addition both with and without engineered safeguards functioning: 

1) Initial Reactor Coolant System Blowdown Only 

The pressure transient curves for no engineered safeguards and all 

safeguards are shown on Figure 4d-1. The only anomaly occurs in the 

all engineered safeguards case at 3700 seconds when the spray is 

changed to the recirculation mode. The pressure is so low at this 

time that the steam-air temperature is lower than the temperature of 

the water leaving the recirculation heat exchangers. Recirculation 

spray warms the steam-air mixture causing a slight increase in contain

ment pressure. The energies removed from the containment steam-air 

mixture by the walls, fans, and spray are shown on Figure 4d-2. Note 

that the rapid depressurization caused by fans, coolers and spray cause 

heat absorbed in the structure to be released back into the containment.  

2) Blowdown Energy Plus An Additional 50 Per Gent of the Coolant Energy 
as Steam Generation 

Additional energy was added to the containment by steam generation 

over a 1000 second period. The total energy added is 50 per cent of 

the reactor coolant blowdown enthalpy flow into the containment. The 

two pressure transient curves are shown on Figure 4d-3, while the 

energies removed from the containment steam-air mixture are shown on 

Figure 4d-4.  

3) Blowdown Energy Plus 100 Per Cent Steam Generation 

This case is similar to case 2 above except the percentage energy 

addition is increased to 100%. The two pressure transient curves are 

shown on Figure 4d-5, while the energies removed are shown on Figure 4d-6.
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Question 5-d 

5. The maximum specific power f or the proposed fuel rods is higher than 
in any currently licensed reactor. In order to assess the conservatism 
of-the proposed design, please provide the following information: 

d) Repeat parts (b) and (c) for the overpower condition. If any 
channel has bulk boiling, or would require less than 5% additional 
power to cause boiling, tabulate these results indicating at what 
distance from the core top boiling ensues.  

Answer 

Figure 5-3 specifies the distribution curve with the corresponding DNB ratios, 

for the following conditions: 

Power = 106.5% 

Tin = 543*F 

P = 2250 psia 

(a-1) conditions 

The above conditions yielded local enthalpies at the location of DNB which 

were outside of the lower limit of the W-3 correlation (-15% quality) for 

local to average rod powers less than 1.45. Therefore, the DNB ratios for 

local to average rod powers less than 1.45 were conservatively calculated 

using the burnout heat flux obtained at -15% quality.  

Bulk boiling will not occur in the hottest channel for either the 106.5% 

or the 112% overpower condition when evaluated at the above conditions.  

Figure 5-4 identifies the distribution curve with the corresponding DNB 

ratios for the following conditions: 

Power - 112% 

Tin = 5590F 

P = 2350 psia 

(a-2) conditions 

The above conditions yielded local enthalpies at the location of DNB which 

were outside of the lower limit of the W-3 correlation (-15% quality) for 

local to average rod powers less than 1.51. Therefore, the DNB ratios for 

local to average rod powers less than 1.51 were conservatively calculated 

using the burnout heat flux obtained at -15% quality.
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A peak containment pressure of 60 psig was calculated for the hypothetical 

loss of coolant accident assuming operation of the safety injection system 

on diesel generated power, no fan cooling (the fans are assumed to run 

to load the filter units with iodine), and no spray, with complete combustion 

of hydrogen from the zirconium-water reation as it is released plus combustion 

of one filter bed. This pressure is 15 psi above the 45 psig peak calculated 

for the same accident and the same post-accident system operation, but with 

no filter b ed combustion.  

For the above case, the containment pressure remained above the penetration 

and well channel pressurization system pressure (-50 psig) for this period.  

The maximum leak rate from the system for this period would be about 0.1% 

x. 7or 0.01% per day. With the three remaining fan filter units in operation 

to remove the iodine realeased from the burned filter 25% of the core inventory 

is assumed to be on the 4 units. The potential exposure at the site boundary 

is about 1.35 rem to the thyroid.  

Experimental evidence of the trapping behavior of iodine as summarized 

in the following paragraphs, supports the assumptions of 90% and 70% effective 

removal of elemental and organic iodines, respectively.
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and bypass leaks should they occur in normal service. The units will be 

protected against missile damage flooding and waterlogging in the accident.  

While operating, charcoal tempe ratures will not exceed those under which 

environmental tests have demonstrated adequate endurance and sensitivity.  

On the basis, the efficiency for 90% assumed for elemental iodine is 

believed adequately justified.  

Organic iodine 

Experiments have been conducted at ORNW, and reported in ORNL-3864, in 

which methyl iodine )CH3I1) was exchanged with commercially impregnated char

coals. The test data, obtained at 168*F and 100% relative humidity 

predict an efficiency of > 98% for a filter bed of the reference 

dimensions and gas velocity at these conditions.  

A series of confirmatory tests is continuing at ORNL to extend the con

ditions of filter operation to saturated air-steam mixtures at 260*F.  

Preliminary results of there tests indicate that the exchange of methyl 

iodide with impregnated charcoal will be at least 70% effective at the 

accident conditions, as assumed in the PSAR. To further substantiate this 

analysis and to develop additional engineering data for the design of 

filters, a testing program utilizing full-size filter modules in a 

recirculating steam-air system is planned. This program will be 

carried out by Westinghouse during the early stages of the design and 

construction of Indian Point Unit 112. Life testing of filter modules 

after prolonged storage at containment amibent conditions will be 

performed to ascertain the effects (of any), of aging of the impregnated 

charcoal.  

It is not expected that organic iodine to be liberated from the fuel at meltdown.  

This conclustion is based on the absence of indications of such release in 

in-pile fuel meltdown experiments conducted by Oak Ridge National Laboratory.  

Nevertheless, it was conservatively assumed for analysis that a fraction of 

the fuel inventory of iodine is in the organic form. The fraction assumed 

(0.2%) was justified on page 12-36 of the PSAR, on the basis that in the 

region of the fuel rod where conditions would be most favorable for the 

existence of organic iodine, the rates of thermal and radiolytic decomposition 

would exceed the rate of replenishment.
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The more plausible mechanism for organic iodine formation is by reaction of 

elemental iodine in an absorbed state on organic-contaiminated surfaces.  

Whether limited by diffusion to the surface or by the reaction rate of absorbed 

iodine, the resulting fractional conversion of airborne iodine per unit time 

is proportional to the surface to volume ratio of the enclosure. Therefore, 

observed yields of organic iodine function of aging time in various test 

enclosures were extrapolated to the Indian Point Unit #2 containment 

in proportion to the surface/volume ratio. These results, referenced on 

page 12-36 of the PSAR in no case exceded a calculated conversion rate 

of 0.0035% of the atmospheric iodine per hour. A higher value of 0.05% 

per hour was arbitrarily assumed in the PSAR for the accident condition.  

At this rate, the formation of organic iodine has a negigible effect on the 

consequences of containment leakage. In short, the mechanisms which are 

believed to have produced significant amounts of organic iodine in test facilities 

would be so diminished in effect by the vastly reduced relative surface to the 

plant containment, that the organic iodine component will be of minor importance.  

The principal gaseous fission products are listed below, with the calculated 

inventory of each in the total core and in the fuel gap: 

Inventory, Curies* 

Isotope Total Core Fuel Gaps Fraction in Gaps 

Kr-85 0.72xi06  0.50x10 6  0.70 

Kr-85m 30x10 6  0.45x10 6  0.015 

Kr-87 58xi0 6  0.026xi06  0.00045 

Kr-88 84xi06  0.075 0.00089 

Xe-133 154-106 7.2x10 6  0.047 

Xe-135 66xi06  1.45xi0 6  0.022 

Total 390xi0 6 9.7xi06 0.025

* Based on 1.6 years continuous operation at 2758 Mwt.
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1. A base-line air consumption rate shall be established for each of the 

four pressurization headers at the time of successful completion of the 

integrated containment leak rate tests. Unexplained increases from 

this consumption rate shall be considered as reason for concern and 

normal practice will require routine investigation and location of 

the point of leakage.  

2. The upper limit for long-term uncorrected air consumption for the 

pressurization system shall be 0.2% of the containment volume per 

day (sum of four headers). This is consistent with maintenance of a 

minimum of 24 hours supply in the reserve nitrogen cylinders.  

3. The upper limit for short-term air c onsumption for the pressurization 

system shall be 0.8% of the containment volume per day, contingent 

on the following: 

a) Pressure in all pressurization zones is maintained above 

incident pressure.  

b) Air supply is maintained from the compressed air systems 

with compressors running.  

c) The full complement of standby nitrogen cylinders is charged, 

assuring an aggregate gas supply equivalent to at least ten 

hours of operation.  

The modes of system operation with loss of the various sources of pressuri

zation gas are discussed above. The piping system itself is designed and 

tested to high standards of quality and for minimum leakage. Careful 

attention is paid to layout to ensure freedom from accidental mechanical 

damage. It is inconceivable that the piping system and valves would fail 

from overpressure for the following reasons. A pressure relief valve 

protects the system from failure of the pressure reducing valve in the line 

from each of the groups of nitrogen storage cylinders. Each zone of piping 

will also be protected by a rupture disc. FYrom a strength standpoint the
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water through the valve stem packing. Relief valves will be totally enclosed.  

Remotely operated valves and modulating valves will be supplied with double 

packing and seal water injection between the packings to prevent all outleakage 

of potentially radioactive water.  

Double mechanical seals are used for the residual heat removal pumps, the 

containment spray pumps, and the safety injection pump shaft seals. Leakage 

of potentially radioactive water to the atmosphere in these pumps is prevented 

by injection of borated seal water into the zone between the mechanical seal.  

Seal Water Injection System 

A seal water injection system is provided to prevent any leakage of radioactive 

fluid through moving seals by providing a pressurized water seal between the 

primary and secondary seals of safety injection system pumps and through the 

double packing provided for all modulating and remotely operated valves. The 

system consists of: 

a) Seal wate/ supply tanks 

b) lakeup pumps 

c) Compressed air supply 

d) Pressure regulators 

e) Headers and injection lines, and the valves and instrumentation 
needed for operation and control 

The pressure at each seal water injection location is maintained at least 

10 psi greater than the operating pressure at the seal. This is accomplished 

by dividing the recirculation loop seal pressure requirements into three 

classes: 1) Pressure at the safety injection and containment spray pumps 

suction, 2) Pressure at the residual heat removal pump suction, and 3) 

pressure at the containment spray pump discharge. All valves and pumps 

that require seal water fall in one of these classes.  

Three seal water supply tanks, one for each pressure class, are pressurized by 

a compressed air supply to maintain continuous seal pressure. This is 

accomplished by a differential pressure controller on each tank. A pressure
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Testing 

The recirculation piping is initially hydrostatically tested at 150 per cent of 

design pressure of each loop. The entire loop is also pressurized during 

periodic testing of the safeguards components. The recirculation piping will 

also be leak tested at the time of the periodic re-tests of the containment 

(with water in the piping outside the isolation valves).  

Since the recirculation system is operated at a pressure in excess of the con

tainment pressure, it will be leak tested during periodic re-tests at the 

recirculation operating pressures. This will be accomplished by running each 

recirculation pump (safety injection, spray, and residual heat removal pumps) 

in turn at near shut off head conditions and checking the discharge, test and 

mini-flow lines. The suction lines will be tested by running the residual 

heat removal pumps and opening the flow path to containment spray and safety 

injection pumps in the same manner as the actual operation of the recirculation 

loop, thus pressurizing the entire suction header. Thy seal water injection 

system performance will be checked during these tests. During these tests, 

all system joints, valve packings, pump seals, leakoff connection, or other 

potential points of leakage will be visually examined.  

Leakage Evaluation 

Leakage to the atmosphere is limited to two potential sources: 1) Stem 

leakage of normally open backseated valves and 2) Isolation valves at the 

recirculation loop boundaries. All other leak sources are either seal welded 

or sealed by borated water injection.  

There are 42 normally open valves in the recirculation flow path. In evaluating 

the nominal system leakage, it was assumed that the average valve stem diameter 

is one inch and that each valve is leaking at the specified rate of 1 cc/hr/in 

of stem diameter. The resulting leakage is 42 cc/hr.  

Considering the isolation valves at the recirculation loop boundaries, there 

are two possible flow paths: a) the suction line at the refueling water 

storage tank and, b) safety injection and spray pump minimum flow protection
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(8) Air Coolers 

The supply flow and exit temperature of each of the four, coolers are 

alarmed in the control room if the flow is low or if the temperature is 

high. The transmitters are outside the reactor containment. In addition, 

the exit flow is monitored for radiation and alarmed in the control room 

if high radiation should occur. This is a common monitor and the faulty 

cooler can be located locally by manually valving each one out in turn.  

(9) In addition to the above, the following local instrumentation is available.  

a. Residual heat removal pumps discharge pressure 

b. Residual heat exchanger combined exit temperature 

c. Containment spray test lines flow 

d. Safety injection test line pressure and flow
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Liquid wastes discharged from Indian Point at normal rates, and indeed at 

rates far in excess of normal, will not create concentrations at Chelsea near 

MPC. This can be shown by a simplified conservative calculation based on the 

most unfavorable river conditions.  

The dispersion of contaminants in the river is controlled by three factors: 

the runoff flow or net downstream flow, the tidal flow, and the flow caused by 

differences in water density resulting from salinity gradients. Runoff flow 

is dependent on seasonal weather conditions and is most favorable during a 

rainy season when the high runoff would tend to dilute the liquid wastes from 

Indian Point and sweep them downstream away from Chelsea. The Hudson River 

salinity and, therefore, water density decreases with distance upstream.  

The salt water gradient from downstream to upstream creates an upstream flow 

counteracting the downstream flow.  

The total effect of river contamination at any point in the river can be 

expressed in terms of these flows by the following one-dimensional dispersion 

equation: 

2 
E 6 1- UL- KL = 6L 

6X 2 x 6t 

Where: E =dispersion coefficient 

Z contamination level 

x =distance along river 

U =runoff flow 

K =decay constant 

t =time 

The dispersion coefficient E expresses the mixing caused primarily by the tidal 

flow cycles and the density gradient. During one tidal cycle the discharge from 

Indian Point cannot reach Chelsea and, therefore, several tidal cycles are 

required to move the contaminats upstream. The dispersion coefficient has 

been determined empirically by measuring the concentration of salt at many 

locations in the river.
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Two cases of liquid waste discharges from Indian Point have been studied: 

continuous discharges, and an instantaneous release postulating an accidental 

discharge. The most unfavorable condition is during a drought season when 

runoff is low. For this study a runoff flow of 4100 cfs was used which is the 

flow measured during the recent northeastern drought in 1964 and is one of the 

lowest river flows ever measured for more than a few days at a time.  

The continuous discharge case assumes equilibrium conditions in the river with 

time and, therefore, 6Z%6t in the above equation is zero. The continuous 

release must be maintained for a very long time to reach the quilibrium condition.  

To attain equilibrium at Chelsea, the realese must be maintained for over 1000 

days. It is incredible that the unfavorable river conditions assumed in this 

analysis would persist for such a long period. We can therefore, for the time 

being consider only Cesium-137 and neglect K. The composition of the wastes 

being discharged is such that all nuclides but Cesium-137 will have decayed to 

insignificant levels in this time. For these conditions it was found that in 

order to reach an MPC of 2 x 10-5  /ml at Chelsea, Cesium-137 would have to be 

discharged continuously from Indian Point at a rate exceeding 550 curies per day.  

However, radiochemical analysis of the wattwastes from Indian Point Unit No. 1 has 

n thst Cesium-137 actually accounts for about 2% of the total activity. The 

discharge rate at Indian Point that will result in a concentration of 2 x 10
5 

pc/ml at Chelsea is thus 27,000 curies per day.  

However, Iodine-131 is limiting for the continuous release because of its lower 

MPC. The decay of the nuclides discharged has been factored into the calculation 

and shows that the limiting MPC at Chelsea, taking into account the isotopes present 

at the time, occurs 5 days after the release has started. For this case 87 curies 

per day of could be released from Indian Point before the MPC at Chelsea 

would be reached. Taking into account the highest experienced fraction of 

Iodine-131 in the mixed isotopes release from Indian Point during Unit No. 1 

operation, 1000 curies per day of total activity could be released continuously 

without exceeding drinking water MPC at Chelsea.
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The containment which is shown on Figure 1 has side walls which are 147 feet 

from the liner on the horizontal base to the spring line of the dome and 

has an inside diameter of 135 feet. The thickness of the reinforced concrete 

base is 9 feet, the side walls are 4 feet 6 inches and the dome thickness 

is 3 feet 6 inches. The change in wall thickness of the dome and the cylinder 

will be accomplished above the spring line such that the inside radius of 

the dome and cylinder will be equal. The bottom horizontal liner plate 

will be covered with 2 feet of concrete, the top of which will form the floor 

of the containment. The internal pressure within the containment is self

contained in that the vector sum of the pressure forces is zero. Therefore, 
there is no need for mechanical anchorage between the bottom mat and the 

rock.  

The basic structural consideration in the design of the containment struc

ture considers the bottom mat, side walls and dome acting as one structure 

under all possible loading conditions. The loads considered in the design 

result from gravity, internal pressure and temperature due to a loss of 

coolant accident, external earth pressure, earthquake and wind as enumerated 

in further detail in the discussions which follow. The liner is anchored to 

the concrete shell by means of Nelson studs so that it forms part of the 

entire composite structure under all loading in such a manner as to insure 

vapor tightness from the internal and external loadings. The reinforcing 

in the structure will have an elastic response to all loads with limited 

maximum strains to insure the integrity of the steel liner.  

I. DESIGN STRESS CRITERIA 

The concept of this reinforced concrete containment has as the basic design 

philosophy the ultimate strength design as set forth in Part TV-B, "Structural 

Analysis and Proportioning of Members - Ultimate Strength Design," in the 

ACT standard building code requirements for reinforced concrete (ACT.318-63) 

published June 1963. The required load capacities of structural elements 

will be determined by computing stresses resulting from the loading combina

tions given below.

(Revised 6-1-66)
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Because of the insulating properties of the concrete, accident liner temperatures 

have a negligible effect on the gradient through the wall. For example, two 

thousand seconds after the accident, at which time the pressure and liner 

temperature have fallen off, the accident temperature affects only the inside 

six inches of the concrete wall.  

No member will have a load capacity less than that required by formulae given 

above for the stresses caused by the most severe loading combination. The 

stresses in the reinforcement produced by these loading combinations must 

not exceed yield times the capacity reduction factor across the section 

being analyzed.  

In any element in which the stresses resulting from wind load exceed those 

resulting from earthquake load, the design wind load of 30 psf will be used 

in the design of that element. However, calculations to date indicate that 

wind does not control in this situation for the required unit wind load and 

the geometry of the containment.  

III. SEISMIC CRITERIA 

The design of the containment which is a Class I structure will utilize the 

It response spectrum" approach in the analysis of the dynamic loads imparted by 

earthquake. The seismic design will be based on the acceleration response 

spectrum curves developed by G. Housner for the ground acceleration at El 

Centro. Seismic determinations have been computed as outlined in the 
(6) (7) AEC TID-7024 and Portland Cement Publication 

Damping factors will be used as indicated in Table 5-4.  

The damping factors shown in Table 5-4 have been reduced for components 1 and 

5 (a) from those shown i n the Preliminary Safety Analysis Report. The basis 

for this is the paper presented by J. A. Blume of the ASCE Conference on 

Earthquake Engineering in 1960 titled "Reserve Energy Technique." Blume 

writes in part "....5 per cent of critical damping is recommended because 

(a) it is considered a reasonable, nominal value of damping in the elastic 

range, (b) it is adequate to iron out many of the extreme peaks and valleys 

of spectral response for lesser damping,....
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All membrane stresses will be carried by the reinforcement and steel liner 

and none by the concrete. This statement reiterates a basic ground rule; 

namely, that the concrete will not be counted upon to resist stresses other 

than compression, bond and shear. Therefore there will be need for radial 

shear reinforcing in the lower portion of the wall in the form of stirrups 

or bent bars, and the need for diagonal shear reinforcing in the circum

ferential direction to resist earthquake shears for the full height of the 

wall and a distance above the spring line into the dome until a point is 

reached where the dome liner can resist the total shear. Some of the load 

carrying capacity of the diagonal shear bars will be used to resist membrane 

stresses for the design condition which includes 1.5P loading and during 

loading resulting from the pressure test.  

The analysis of discontinuity stresses at changes in section or direction 

of the containment shell will be made on the assumption that the shell is an 

elastic homogeneous isotropic maera (See sketch B.) In deter

mining discontinuity moments and shears, the mat is considered as offering 

complete fixity. The entire concrete section of the wall is used in the 

evaluation of the flexural rigidity. As cracking occurs and the reinforce

ment takes up the load, a redistribution of stress occurs, and the stiffness 

of the wall is greatly reduced thereby reducing the discontinuity moments 

and shears. As a conservatism in the design, however, the reinforced concrete 

wall is designed to accommodate the moments and shears determined on an 

uncracked section analysis. The differential equation 

4 
D d w + Eh =Z (5) 

dx 4 a2 

represents the basis of solution for all problems of symmetrical deformation 

of circular cylindrical shells of constant wall thickness.  

The solution of this differential equation is 

- 8x 
W-= e 3 [B M0 (sin Bx -cos Bx) - (Qo Cos Bx)] (6) 

28 D
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it will tend to expand faster than the concrete at increased temperatures, and 

therefore will be stressed first in tension and then in compression. Insulation 

material will be applied to the inside of the liner cylinder to maintain stress 

less than .95 yield and to insure elastic stability where thermal stresses are 

not relieved by expansion of the wall'at the junction of the cylinder and the 

bottom liner.  

As previously stated, the liner will assure tangential shear due to seismic 

loading only in the dome of the containment in areas where the liner is 

adequate. Internal pressures cause circumferential and meridional tensile 

membrane stresses in the dome and cylinder as well as secondary radial moments 

and shears caused by discontinuities.  

Dead load results in compressive meridional stresses and compressive and 

tensile circumferential membrane forces in the dome. The cylinder walls will 

be in compression vertically, with no circumferential forces except for small 

forces at the spring line.  

Earthquake and wind will result in circumferential shear forces with the 

maximum force/foot parallel to the direction of motion. The overturning 

moment will cause vertical forces in the wall and the maximum tensile and 

compressive forces 1800 apart in the direction of motion..  

When the liner is in compression as was discussed previously, a tensile 

force is imposed on the reinforcing bars.  

The preliminary magnitudes of forces, deflections, moments, and shears 

resulting from the loading combinations given in Section II are shown on 

Figures 2 and 3. Preliminary sketch F is a conceptual arrangement of rein

forcing bars.
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VT. CONCRETE 

All concrete materials will be in accordance with ACI-318-63. Portland 

Cement will conform to "Specifications for Portland Cement", ASTM C-150-4, 

Type I (Normal), or Type TI (moderate heat of hydration requirements), or 

Type III (high early strength). Shrinkage compensating cement will be used 

in areas where the elimination of secondary stresses due to shrinkage is of 

importance. Concrete aggregates will conform to "Specifications for Concrete 

Aggregates,"' ASTM C-33-64.  

Water for mixing concrete will be clean and free of injurious quantities 

of substances harmful to the concrete or the reinforcing steel.  

The strength of the concrete will be specified and shown on the drawings 

so as to meet the following requirements.  

1. For flexural elements the extreme fiber stress in compression will 

conform to the limits established in ACT 318-63.  

2. The shear as a measure of diagonal tension will conform to the limits 

established in ACT 318-63.  

3. The ultimate compressive strength for a standard cylinder of reinforced 

concrete to be used in this design will be a minimum of 3000 psi in 

28 days, or higher as required. In areas where lean fill will be 

required, the concrete will have a compressive strength of minimum 

1500 psi in 28 days.  

The concrete will be sampled and tested during construction in accordance 

with ACT 318-63 to insure compliance with the specifications. An independent 

testing laboratory will be retained to design the concrete mixes, take 

samples and perform all tests.
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VII. LINER 

With the exception of the equipment and personnel hatches, none of the 

liner components is subject to low ambient temperatures. Normal internal 

temperatures will be maintained between a minimum of 50*F and a maximum of 

120°F. The liner material is ASTM-A442, Gr. 60, which has a minimum guaranteed 

yield point of 32,000 psi and is a low carbon/high manganese steel made with 

a grain structure that is specified primarily to insure ductility. Standard 

rolling mill practice results in nil ductility transition temperature for 

this material which will be at least 300 F below the operating temperatures 

of the plant.  

Other reactor containment materials of construction are itemized in Table 

5-2, page 5-12, of the Preliminary Safety Analysis Report.  

VIII. WALL PENETRATIONS AND WALL OPENINGS 

The adequacy of penetrations in retaining strength and ductility while 

preventing leakage will be insured by the following measures. The materials 

for all components as specified in Table 5-2 of the Safety Analysis Report 

are selected primarily because of their high ductility.  

By design, all penetrations will withstand all stresses imposed on them as 

a result of normal plant operation and the hypothetical loss-of-coolant 

accident. Specifically, the joint between the penetration sleeve and the 

building liner plate will be reinforced with a steel plate ring. The sleeve 

will be anchored to the concrete by means of reinforcing bars welded to a 

steel ring which is in turn welded to the sleeve. The penetration end plates 

through which the pipes or electric cable pass will be designed to withstand 

the penetration's internal air pressure during normal operation and also the 

containment internal pressure during the hypothetical loss-of-coolant accident.  

Load transfer around penetrations will be accomplished by maintaining con

tinuity of main reinforcing bars by bending an/ the addition of diagonal 

reinforcing to insure the transfer of tensions, bending moments and shears.  

At the equipment access opening, a reinforced concrete frame is provided to



Diesel-Generator Separation 

The 350 HP diesel engine-generators are located in a sheet metal, steel 

framed uilding immediately South of the primary auxiliary building.  

The engine enerators are arranged on 13'-0" centers, parallel to each 

other with.ap oximately i0'-0" of clean space between engine components.  

The engine found ions are surrounded with a 6" high concrete curb con

taining sufficient olume to hold all of the lube oil or fuel released from 

a single engine in the event of an inadvertent spill or line break.  

Individual fire detectio and automatic protection spray systems are 

provided over each enginea dfuel oil day tank. The detection system 

which annunciates in the main ontrol room is designed to sense heat in 

order to quickly actuate the de ction and spray devices. In addition, 

manual fire fighting equipment is cated in each personnel access door.  

A control panel is located on the West e d of the building which contains 

relays and metering equipment for all thre diesel engine generators. The 

panels are compartmentalized with controls f each engine separated from 

each other. Inthe event of an electrical fire the event is annunciated in 

the main control building. With the compartmenta ized panel design, spread 

of fire to other electrical components is minimize 

Each diesel generator has its own small fuel storage (y) tank that feeds 

the fuel oil pump on the engine.' All day tanks are autom tically filled 

during engine operation from three separate underground sto age tanks 

outside the diesel generator building. Each storage tank has its own 

supply pump mounted in a manhole opening in the top of the tan above 

oil level. It is therefore unlikely that a fire associated with ny one 

of the small fuel oil storage (day) tanks would prevent oil from b *ng 

supplied to the remaining two diesels.
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Loading Description 

Each unit is to be started on the occurrence of either of the following 

incidents: 

1. Initiation of safety injection operation.  

2. Undervoltage on either of the two 6900 volt buses connected to the 

outside power.  

On occurrence of undervoltage the engines run at idle and can be connected 

to deenergized buses by the operator from the control room if desired.  

If there is coincident or subsequent requirement for engineered safeguards, 

automatic sequencing is initiated as follows: 

1. All 480 volt breakers, except those feeding the valve motor control 

centers numbers 26A and 26B, are tripped and all automatically 

operated non-Safeguards' feeders are locked out. All engineered 

s afeguards motors are operated from the 480 volt buses.  

2. Connect the diesel generators to their respective buses.  

3. Magnitude of loads for the diesel generators is given in Table 8.2-1.  

In the event one of the emergency generators does not start when called 

for, and the re is no fault on the 480 volt bus associated with that generator, 

tie breakers are automatically closed to distribute the buses between the 

two other emergency generators and the following sequence is initiated 

automatically.  

a. Start 2 out of 2 Auxiliary Component Cooling Pumps* 

b. Start 2 out of 3 Safety Injection Pumps 

C. Start 1 out of 2 Residual Heat Removal Pumps 

d. Start 1 out of 2 Spray Pumps if the containment pressure signal 

is present, 

*Both pumps are started, but only one is required.
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e. Start 2 out of 3 Nuclear Service Water Pumps 

f. Start 3 out of 5 Containment Air Recirculation Cooling Fans 

g. Start 1 out of 2 Auxiliary Feedwater Pumps 

h. Start 1 out of 2 Spray Pumps if the containment pressure 

signal is present (action taken in case high-high containment 

pressure signal did not exist at step (d)) 

The recirculation phase is manually initiated by control switches on the 

supervisory panel in the main control room. As the sequence switches are 

operated the bus loads are modified to give those shown in Table 8.2-1.  

The loads, are given for a post-blowdown containment pressure transient.  

In the event all three emergency diesels start, the following sequence is 

initiated automatically: 

a. Start 2 out of 2 Auxiliary Component Cooling Pumps 

b. Start 3 Safety Injection Pumps 

C. Start 2 Residual Heat Removal Pumps 

d. Start 2 Spray Pumps if containment pressure signal 

is present 

e. Start 2 out of 3 Nuclear Service Water Pumps 

f. Start 5 out of 5 Containment Air Recirculation Cooling Fans 

g. Start 2 Auxiliary Feedwater Pumps 

h. Start 2 Spray Pumps if the containment pressure signal is 

present (action taken in case high-high containment pressure 

signal did not exist at step (d)) 

To verify that the emergency power system will respond within the required 

time limit and when required, the following tests shall be performed 

periodically:
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a. Manually initiated demonstration of the ability of the diesel 

generators to start, and deliver power up to name plate rating, 

when operating in parallel with other power sources. Normal 

plant operation will not be affected. The duration of the test 

shall be at least 2 hours.  

b. Demonstration of the readiness of the system and the control 

systems of vital equipment to automatically start or restore to 

operation particular vital equipment by simulating a loss of all 

normal AC station service power supplies. This test can be con

ducted during each refueling interval.  

The starting of the diesel-generator sets can be tested from the Diesel 

Building. The ability of the units to start within the prescribed time 

and to carry intended loads are checked periodically.  

Batteries and Battery Chargers 

Each of the two 60 cell, lead acid station batteries has'been sized to 

carry its expected shutdown loads following a plant trip and a loss of 

all AC power for a period of 2 hours without battery terminal voltage falling 

below 105 volts. Major loads with their approximate operating times on 

each battery are listed in Table 8.2-2.  

Each of the two battery chargers has been sized to re-charge either of 

the above partially discharged batteries within 10 hours while carrying 

its normal load.  

Reliability Assurance 

The electrical system equipment is arranged so that no single contingency 

can inactivate enough safeguards equipment to jeopardize the plant safety.  

The 480-volt equipment is arranged on 4 buses. The 6900-volt equipment 

is supplied from 6 buses.  
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. I .. , ,l c l c n d I1ndication

All trasmitted signals (flow, pressure, temperature, etc. " hich canl 

cause a reactor trip are either indicated or recorded for every channel.  

The same channel isolation and separation criteria as described for 

the reactor protection circuits are applied to the engineered safety 

features actuation circuits.  

Protective Actions 

The engineered safety features actuation system automatically performs 

the following vital functions: 

a) Start operation of the Safety Injection System upon coincidence 

of low pressurizer pressure and low pressurizer level signals, 

or high containment pressure signals (Hi level; approximately 

10% of containment design pressure), or on coincidence of high 

differential pressure between any two steam generators, or on 

coincidence of high steam flow in any two steam lines (automatically 

blocked when T and steam pressure are above certain limits).  
avg 

b) Operate the containment isolation valves in non-essential process 

lines upon detection of high containment pressure signals (Phase A 

containment isolation - Hi level). The Isolation Valve Seal 

Water System is actuated upon automatic actuation of the Safety 

Injection System.  

c) Start the Containment Spray System and operate the remaining containment 

isolation valves upon detection of a containment pressure signal 

higher than required in item (b) above (Phase B containment isolation; 

Hi-Hi level, approximately 50% of containment design pressure).  

d) Start operation of the Containment Air Recirculation and Filtration 

System is not operating after operation of the required Safety 

Injection System is completed.
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Safety Injection System (SIS) Actuation Trip

A reactor trip occurs when the safety injection system is actuated. The 

means of actuating the SI5 trips are: 

a. Low pressurizer pressure is coincidence with low pressurizer water 

level (1/3 pairs - a pair is defined as a pressure signal and its 

assigned level signal).  

b. High containment (2/3, Hi level or 2 pairs of 2/3, high-high 

pressure).  

C. High differential pressure between any two steam generators 

(2/3).  

d. High steam flow (2/4).  

e. Manual.  

Turbine Generator Trip 

A turbine trip is sensed by two out of three signals from auto stop oil 

pressure. A turbine trip is accomplished by a direct reactor trip and 

a controlled short term release of steam to the condenser which removes 

sensible heat from the reactor coolant system while avoiding steam 

generator safety valve actuation.  

In addition to speed and load control, the turbine control system automatically 

trips the turbine generator under any of the follow-Ing conditions: 

a. Turbine overspeed 

b. Excessive shaft vibration 

C. Generator electrical faults 

d. Low condenser vacuum
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e. Thrust bearing failure 

f. Low bearing oil pressure 

g. Low control oil pressure 

h. Low feedwater flow 

i. Reactor trip 

j. Manual trip 

Further details are discussed in Section 10.  

Steam/Feedwater Flow Mismatch Trip 

This trip protects the reactor from a sudden loss of heat sink. The trip is 

actuated by a steam/feedwater flow mismatch (1/2) in coincidence with low water 

level (1/2) in any steam generator.  

Low-Low Steam Generator Water Level Trip 

The purpose of this trip is to protect the steam generators for the case 

of a sustained steam/feedwater flow mismatch. The trip is actuated on 

two out of the three low-low water level signals in any steam generator.  

A diagram of the steam generator level control and protection system 

is shown in Figure 7.2-13.  

Rod Stops 

A list of rod stops is listed in Table 7.2-3. Some of these have been 

previously noted under permissive circuits, but are listed again for completeness.  

Rod Drop Protection 

Two independent systems are provided to sense a dropped rod, (1) a rod 

bottom position detection system and (2) a system which senses sudden reduction 

in out-of-core neutron flux. Both protection systems initiate protective 

action in the form of blocking automatic rod withdrawal and also a turbine 

load cutback if above a given power level. This action compensates for 

possible adverse core power distributions and permits an orderly retrieval 

of the dropped RCC.
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Survey instruments are calibrated quarterly. Calibration and maintenance 

records are provided for each instrument.  

The portable radiation survey instruments listed in Table 11.2-9 are 

available for use off-site during and following any possible accidental 

release of radioactivity from the facility. In addition to those listed, 

the following portable equipment is also available: 

1) Fixed particulate coolector 0.8 micron filter - activated charcoal 

or plain. Nominal air flow rate of 1 cfm.  

2) Hurricane Air Sampler 4 inch diameter, 0.8 micron filter - activated 

charcoal or plain. Nominal air flow rate of 10 cfm.  

3) Proportional Counter - 27r geometry 50% yield for alpha and 68% 

yield for beta. Lead shielded to minimize the effect of background 

radiation.  

4) Gamma Scintillation Spectrometer - can be used to serve one of 

three functions; a) G.M. detector counting rate meter b) Scintillation 

detector counter rate meter with a 2 inch by 1 inch thollium activated 

sodium iodine crystal sealed to a photomultiplier tube. c) Spectrometer 

when used in this mode the crystal and photomultiplier tube are 

utilized. In addition, the window and anti-coincidence circuit 

select only the pulses from certain energies from 0.03 to 3.0 Mev.  

The instrument has six ranges up to a limit of 10+ 5 cpm.  

A survey vehicle, capable of providing up to 5 kw of A-C power is also 

available for use during environmental surveys. It is equipped with 

a two-way radio and a wind speed and direction analysis system. Complete 

analysis of off-site survey data can be accomplished within the vehicle.
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MEDICAL FACILITIES 

Indian Point Unit No. 1, which is adjacent to Unit 2, -as a regular"first 

aid station to render routine emergency care at the site. In thenuclearservice 

building adjacent to the containment sphere of Unit 1, but outside the 

external concrete biological shield, there are located peci&lMedical 

Department facilities consisting of two rooms as shown in Figure 1.2-6.  

Each room covers an area of approximatdly 330 square feet. The Decontamination 

Room is specially designed for the care of radioactively contaminated 

personnel. It is planned to allow the admission of several mixed ambulatory 

and non-ambulatory patients. The floor is of stainless steel and the 

walls and ceiling are of special vinyl tile material. 'In the center of 

the Decontamination Room there is a fixed pedestal-type stainless steel 

table (autopsy table) which has been adapted for decontamination and 

treatment of non-abmulatory patients. This fixture offers the additional 

advantage of allowing copious irrigation in cleansing wounds without the 

spread of radioactive contaminants to other part of the room. Other stainless 

steel fixtures in this room for use by ambulatory patients include a double

bowl sink at waist level for treatment of hands and arms and another 

double-bowl sink at knee level for treatment of feet and legs. A shower 

area is situated at one end of the room to provide a continuity 

of flow from the decontamination area to the dispensary area. Radiation 

monitoring to determifie possible residual activity will be performed in the 

vestibule area at the shower exit. A clean clothing cabinet is located 

immediately at the entrance of the dispensary area from the monitoring vestibule.  

The Dispensary Area consists of a conventional examining room which can 

be used for first aid after decontamination of ambulatory and litter cases.  

It can also be utilized for general clinic services. Medical and first 

aid supplies are kept in the Dispensary and are passed through as they 

are needed into the"Decontamination Room. ,ll liquid waste from the 

fixtures in'the Decontaimination Room drain into a special retention tank 

where they are monitored before any further disposal.
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Emergency facilities are available in the Decontamination Room in planning 

for the care of injured radiating personnel. The probability of such 

an occurrence is extremely remote but the possibility does exist of 

radioactive material embedded in a localized area of the body, or even 

generally distributed. Such cases might not be readily movable to 

an outside medical facility. It is planned that a surgical team could be 

brought in to perform emergency procedures and removal of impregnated radio

active materials. Norwood (1 ) has described such planning in detail, 

including description of facilities, patient care, the surgical team and 

measurements of possible radiation dosage to hands of personnel.  

MEDICAL PROCEDURES AND TECHNIQUES 

The duties of the industrial medical department in a nuclear power staion are 

defined as follows: 

1. Radiation health protection.  

2. Decontamination Procedure.  

3. Plan for medical aspects of potential radiation accidents.  

4. Routine medical services. The latter have constituted the major 

medical activity and will not require further description in this 

presentation.  

1. Radiation Health Protection 

To prevent radiation injury, the Health Physics Section has the basic 

responsibility for monitoring of radiation and personnel protection.  

The Medical Department responsibility is confined to preplacement 

examination to eliminate certain abnormally radiosensitive 

individuals, follow-up examinations and special examinations in case 

of exposure.

11.2-29



a. , :-Radiation _Monitoringy

Radiationmonitoring systems include! instruments_.to measure 

e xposure levels -and ,devices -to warn when permissible evels are 

exceeded. Radiation monitoring instruments-are of,-.two 
types; personnel and area monitoring. Personnel monitoring 

*, ,instruments; -can be subdivided into -those that c.anb.e bread, 

directly .-and those ,thiat require supplementalprocessing. ,and-a.re 

a measure- of exposure levels, over a long period of ..time.. The 

pocket dosmieter and .the hand .and foot counter are examples-.of,; 

direct reading instruments. The film badge provides a longer 

record of individual exposure to radiation and-is. usuall!y, developed 

on a monthly basis. Area monitoring is the use of instruments 

to, determine -the.levels of- radiation in an area .and -to, give alarm: 

when permissible levels are exceeded.  

b. Medical Examination 

Preplacement and follow-up examinations are important-inpreventing 

radiation injury. The preplacement examination eliminates certain 

abnormally, radiosens-itive individuals .such as those with abnormal 

blood counts, splenomegaly and lymphadenopathy. Also those 

workers, with ia-_systemic disease, organic or _fun ct iona.,. -that, 

-might prove a-,hazard.-in the event of a radiationincident should 

not be allowed to work in a nuclear power plant.  

(1) Preplacement Examination 

--. Preplacement examinations are 'required for -employees Fhen 

* assigned to the Indian Point .Nuclear Plant. This !examination 

_includes -the ~follow ing: 

. a)... ,Complete occupational ,history. ,...  

b) Complete medical history.  

c) A description of any unusual exposure to radiation 

resulting from previous occupation, accident,diagnositc 

study and x-ray or isotope treatment.
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d) Complete physical exmaination 

e) Special examination on vision including color and 

visual acuity.  

The physician performs careful opthalmoscopic examination of 

the lens in a darkened room, using a plus 8 or 12 diopter 

lens., Slit-lamp examaination is performed when indicated.  

f) Routine urinalysis,,complete blood count, chest x-ray 

and electrocardiogram.  

(2) Special Examinations 

Special examinations when required are made when employees are 

potentially exposed to radiation, chemical or other particular 

'-hazards. Special re-examination of those employees who 

have exceeded 3 rems exposure "in any quarter" may be required 

before re-entry to radiation exposure.  

(3) Re-examination 

.Routine re-examination is scheduled on an annual basis. Every, 

effort is directed to early detection of medical conditions 

, even though these bear no relation to radiation exposure levels, 

e.g., the discovery of early cataract, latent coronary heart 

disease or a neoplasm of the lung.  

(4) Medical Records 

Records of physical examinations and laboratory tests are 

retained for an indefinite p.riod under radiation protection 

laws.  

2. Procedure For Decontamination 

1. * Types of Contamination 

. a-.' Skin contamination without injury 

b. Nasal, ear'and oral contamination 

c. Skin contamination with wound or other injury
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d. Inhalation exposur'' ,,, '-: .  

e. Injured radiating patients 

(2) D dcontami n ati O nP r o' d ure' " . -: - .  

a.:_The techn-qu 'fo decoiitamination'f the khInvolves the 

simple washing of the individual or area of his body, preferably 
"onlywfth wat~r fid-• co~mirrdly Aiibie dtents and soaps.  

Highly alkaline soaps, abrasives and 'organic solvents tend 

to increase the rate of absorption of the contaminant into 

the body and are avoided. Special emphasis is given to 

...cleaning the fingernails, toenails, .nostrils, scalp,_ ears and body 

folds.- After the person has been-well washed • and.-:he.  

-.contamination removed to the maximum extent of the.method 

-employed, he is resurveyed.with a portable radiation monitoring 

instrument. Wipes and smears may need to be.taken-with 

disposible tissues, cotton-tip swabs, or filter paper 

and evaluated and possibly re-examined for furtheranalySis. O 

b. Ambulatory' contaminated persons without other injury will use 

showers nearest the site of exposure' in the work-area.  

Employees with skin contamination of greater than 200-counts 

per minute '(measured at contact with a G.M. Portable Survey 

Meter) after the decontamination are referred to the'Decont

amination Room and further decontamination procedures are 

carried out under supervision. Monitoring of the contaminated 

work areas will be instituted and an accident report complete 

by the Health Physics group.  

c. Contaminated individuals with injury are brought to the De

contamination Room and special care. is..,taken. not, to, spread -.  

further contamination in the medical area. Penetrating wounds 

with contamination are a surgical emergency-. -In,.some.instances 

appropriate use of a tourniquet. may be helpful.. The, radiation 

can be measured with a properly, -designed. scintillation detector.
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d. Nasal, ear and oral decontamination will be accomplished 

in the Decontamination Room under supervision.  

e. Inhalation exposures: The retention, clearance and translocat

ion of inhaled particles are determined by. physiological 

processes. (2  The ICRP standard lung model assumes. that 

with "soluble" particles, 25 per cent are exhaled, 50 per cent 

are deposited in the upper respiratory tract and transported 

to the gastro-intestinal tract, and 25 per cent are taken up 

in the body via the lower respiratory tract. It is thought 

that "insoluble" compounds follow the same pattern, except 

that only 12.5 per cent is taken up in body fluids via the 

lower. respiratory tract. An additional 12.5 per cent is assumed 

to be transported up the respiratory tract and swallowed within 

24 hours. The case study following inhalation of radio-nuclides 

should include whole body counts, and if indicated, urine 

bioassay and fecal analysis. Follow-up will be continued for 

a sufficient period of time so that the biological half life 

can be determined accurately.  

f. Disposition of injured radiation patients: After removal 

of the injured contaminated worker from the zone of exposure, 

first-aid personnel measure the-radiation level, remove all 

clothing and wash the patient thoroughly with water. He is 

then removed to the Decontamination Room where a physician 

and surgical team will be called.. The patient would be 

transported to a hospital for more definite treatment if required.  

(3) Personnel exposed only.,to:external radiation do, nothave any 

contamination. However they would be hospitalized when the whole 

body dose could possibly exceed 50 rads. If the dose can be 

competently estimated, persons who have received only 50 rads 

of total or partial body radiation can be excluded from intensive 

study and will not require treatment.
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3. Plan for Potential Radiation Accidents

(1) Radiation Accident Planning 

Basically,- the immediate -accident' program within the inst'allation 

will include the following ge&ier al instruct'ions : 

a. 'Ev'cuate exposed personnel from 'accident area and proVide 

first aid.  

b. Notify Production Supervision, Medical Department and Health 

Physic s.  

c. Close off radiation area.  

d. Confine and survey all possibly contaminat-ed persons.
'

e. Evaluate the situation.  

1) Contamination exposure 

-2) Neutron and gamma exposure.  

3) Total level of radiation exposure.  

Details of guidance for emergency exposure during
- rescue'and 

recovery activity are outlined in "Standards for Radiation 

Protection, AEC Appendix 0524.
, ...  

(2) Diagnosis and Treatment of Injury 

For the details of this aspect of a medical program, reference 

is made to the handbook entitled "Medical Aspects- of- Radi-ation 

Accidents" published bythe United States Atomic Energy 

Commission, (4 ) and dose classification into Groups I to V, of 

clinical ;radiation injury-groups, byThoma :and-Wald
( )-.  

0
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Biological monitoring may be used to determine the absorbed 

quantity of both radioactive and non-radioactive elements. Measure

ments are made of radioactivity in the urine, blood or the 

quantity of radioactive material excreted or inhaled. If there 

has been neutron exposure, heparinized blood shall be examained 

to determine the presence of radioactive sodium-24. Whole body 

counting is an important technique for the measurement of very 

low body burdens of gamma emiting nuclides.  

(3) Hospital Planning 

At the Indian Point Nuclear Station plans for any major radiation 

accident have been completed at University Hospital in New York 

City some 40.miles away. Despite the distance involved, the 

capability of the radiation team at this medical center yields 

very tangible benefits in treatment. Arrangements have also been 

completed with the local community hospital for a possible minor 

incident.  

The hospital would be notified before a- contaminated patient or 

patients are sent for admission so that bringing them into the 

-hospital can be planned to avoid spreading high levels of radio

activity along the route. (6 ) A hospital radiation team would 

be organized with a radiological safety officer who has had 

experience either in the department of radiology or the radioisotope 

laboratory.  

11.2.4 EVALUATION 

The whole body gamma dose in the control rooom under accident conditions 

is calculated assuming that a complete core meltdown occurs resulting 

in the release of the following sources to the reactor containment: (Per 

TID-14844).  

a) 100% of the noble gases 

b) 50% of the halogens 

c) 1% of the remaining fission product inventory.
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The above sources, tabulated in Table 11.2-10, are assumed to be homogeneously 

distributed within the free volume of the reactor containment. The source 

intensity in Mev per second as a function of time after the accident 

is determined by considering decay only; no credit is taken for filtration 

or washdown.  

The direct dose rate in the control room due to the activity dispersed 

within the containment is calculated by a digital computer program which 

is based on a point kernel attenuation model. The source region is divided 

into a number, of incremental source volumes and the associated attenuation, 

gamma ray ,buildup,.,and distance through regions between each source point 

and the control room are computed. The summation of all point source 

contributions gives.thetotal direct dose rate at the control room.  

In addition to the direct,-dose, the contribution of.scattered radiation 

was also estimated. These estimates indicate that scattered radiation 

levels will contribute less than 10% of the direct dose. Scattered radiation 

levels include both, scattering from :air (sky-shine) and scattering from 

large.-surf aces,:-in, the vicinity of the container. The direct-and scattered 

dose.in-,the control room for an exposure time of one month following 

the accident is calculated, to be less than 500 mr.  

,In order to determine the ,possible dose that an operator could receive 

while operating a manual backup item (e.g., valve), it is estimated rather 

conservatively that it will require 15 minutes to operate the valve.  

In addition, it is assumed that an additional 15 minutes' is required 

to get to and from the manual equipment. The total integrated whole 

body dose that an operator would receive performing the above operation 

would be less than 8 rem. This dose is calculated for the first half 

hour immediately following the accident and assumes that the equipment 

being operated or serviced is adjacent to the containment surface. Doses 

in the vicinity of equipment located within the auxiliary building would 

be much less due to the shielding afforded by the concrete walls of the 

auxiliary building.
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Liquid Waste Release

All liquid wastes releases will be assayed for radioactivity to comply 

with the limits specified (1/10 of 10 CFR 20 for unrestricted areas).  

11.2.5. TESTS AN~D INSPECTIONS 

Complete radiation surveys will be made throughout the plant containment 

and auxiliary building during initial phases *of plant start-up. Survey 

data will be taken and compared to design levels at-power levels of 10%, 

50% and 100%, at rated full power. Survey data will be reviewed for 

conformance to design levels before increasing to the next power range.  

The gas and particulate effluent monitors shall be tested semi-annually 

with calibrated sources and normal response of each monitor shall be tested 

weekly using a remotely operated test source to verify the instruments 

response. Liquid effluent monitors shall be tested semi-annually with 

calibrated sources and normal response of each monitor shall be tested 

weekly using a remotely operated test source to verify the instruments 

response. Liquid effluent monitors shall be tested semi-annually with 

calibrated liquid sources and the normal response of each monitor shall 

be tested weekly using a remotely operated test source to verify the 

instrument's response.
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TABLE 11.2-1 

PLANT ZONE CLASSIFICATIONS

Condition of Occupancy 

Continuous access 

Normal Continuous access 

Periodic access.  

Limited access 

Controlled access 

Limited controlled access*

Maximum Dose 
Rate (1% failed fuel) 
,.M Rem/hv.

<-,0.1 

< .75 

< 2.0 

< 15 

> 15 

> 200

* Access to Zone V areas must be cleared with the reactor operators in the 

control room.

Zone



TABLE 11.2-10 

RADIATION SOURCES RELEASED TO -THE ;CONTAINMENT.  
FOLLOWING EQUIVALENT CORE MELTDOWN ACCIDENT - MEV/SEC 

Time After Release Energy Mev/y .

. 0.4 240.8 

2.3x1018 1.3x109 

18 18 
2.5xi01 7.lxlO 

.1 618 18 
1.ix1o 1.2xl1 

4. 2x1017 2.ixl017 

2.6xlO17 1.3x107

3. ixl0
1 8 

18 
1. 6x106.  

16.  
9.5x10 

5.8x105 

2. lxl015

" .1;. 7 ; 

1. 4x101
9 

17 : 9.6x10 7 .  

1'. 2xi017 

.7.. 6x1016 

2.5x10
16,

hr 

day 

week 

month

2 2 

1. 2x1O'9 

18, 
* 4.9xlO1

8 .  

- 3'5i017 
3.5x10 

1. 6xlO
1 5 

i. 5xlO15

>2.5 

1, 2x10
1 9 

2.9x10 
1 8 

3.OxlO 1
6 

7.0xl10
1 5 

2.4x10 
1 5
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Results 

The capability of the Emergency Core Cooling System to meet the design 

criterion was analyzed for the following range of break sizes: 

1. Large breaks, both hot and cold leg (FLASH) 

a) Double ended severance of the Reactor Coolant Pipe 

b) 6 ft 2 

2 
c) 3 ft ,and 

d) .5 ft 2 

2. Small breaks, cold leg (SLAP) 

a) 6 inch 

b) 4 inch 

c) 3 inch 

d) 2 inch 

e) 1 inch 

For all of the above cold leg breaks the clad temperature transient is 

presented for the case where the contents of one accumulator tank was assumed 

spilled through the break. For the hot leg breaks all of the accumulators 

empty into the reactor vessel. In addition the temperature transient for 

the double ended cold leg break with only 2 of 4 accumulators operating is 

also presented. Full flow from the safety injection pumps was assumed at 

25 seconds.  

Results - Large Area Ruptures 

Blowdown and Refill 

Figures 14.3.2-1 to 14.3.2-9 are plots of the water volume in the reactor 

vessel for the large area-ruptures. During blowdown the volumes plotted 

represent an equivalent liquid volume which would result if the liquid and 

gas phases were completely separated. No credit is taken for an increased 

froth height due to voids created by boiling in the core. The volume of
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liquid remaining in the vessel after blowdown is used as a starting point 

to predict the liquid level during the refilling phase. It should be noted 

here that the FLASH code conservatively underpredicts this quantity of water 

remaining in the vessel at the end of blowdown, when compared to experimental 

data (LOFT semiscale tests, etc.), so that this conservatism is carried 

throughout the refill phase of the predicted water levels.  

Several factors have been considered in the analysis that could adversely 

affect the flow of emergency cooling water to the core. These are: 

a. Accumulator water carried out of the break, or to other parts of 

the system during blowdown.  

b. Steam bubble formation when accumulator water refloods the core.  

c. The affect of the nitrogen gas entering the vessel.  

The method of determining the affect of these factors is discussed in the 

following paragraphs.  

Accumulator By Pass 

The flow from each accumulator enters the cold leg pipe between the outlet 

of the reactor coolant pumps and the cold leg nozzles. The maximum 

accumulator flow rate is 6600 lbs/sec. This occurs for the double ended 

break shortly after the beginning of injection. This flow rate is approxi

mately 17.5% of the steady state flow rate of 37,800 lbs/sec for normal 

plant operation, and thereby there is no possibility of choking the downcomer 

and backing the flow to other parts of the system.  

Flow into the inlet of the vessel is also enhanced by the reactor coolant 

pump, which would be coasting down during the transient and would tend to 

force coolant in the direction of the reactor. Further, a characteristic of
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and loop seal. This depicts a break for the worst break location,, i.e., 

a cold leg break between the pump outlet and the reactor vessel inlet.  

Therefore, from the re sults of analyses it is concluded that a break size 

of about 4 inches defines the upper limit of protection afforded by two 

high head safety injection pumps.  

For a 6 inch break the hot spot is uncovered for a short period of time 

for the minimum injection case, but remains covered for the full injection 

case.  

A core thermal analysis was performed for the 6 inch break with peak clad 

temperatures being evaluated for the following cases: 

1. DNB occurring at 0.5 seconds after the break.  

2. No DNB occurs.  

The analysis utilized the benefit of the froth level core volume transient 

shown in Figure 14.3..2-39A for the minimum safety injection case., Assuming 

DNB occurs (Case 1) the peak clad temperature of 1550*F occurs at the hot 

spot (core mid-plane). For Case 2, since no DNB occurs and the hot spot 

of the core never becomes uncovered, the hot spot clad temperature gradually 

decreases from its initial steady state value of approximately 7150F.  

However, the upper portion of the hot rod obtains a slightly higher maximum 

clad temperature of approximately 1010*F due to the portion of the rod 

being uncovered for approximately 90 seconds. During this uncovery period, 
the upper part of the hot rod is cooled by the steam generated in the 

covered portion of that core.  

In the previous cases no credit was taken for operator action. Since time 

is available in a small break accident, it is expected that the operator 

will take control of the accident. By dumping steam through the steam 

generator relief valves the Reactor Coolant System can be depressurized.
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This depressurization of the Reactor Coolant System would result in less 

discharge through the break and greater addition from the Safety 

Injection System. The net result is a great capability to maintain 

core flooding.  

The action the operator would perform for this accident would be very 

similar to a normal cooldown. In a blackout situation the atmospheric 

dump valves are used, and when power is available the condenser dump would 

be used.  

Figure 14.3.2-40 presents the volume transient for the several breaks 

considering only atmospheric steam dump and the minimum safety injection 

pump case. The pressure transients for these cases is presented in 

Figure 14.3.2-41. Thus hot spot flooding is maintained up to a six inch 

break.  

Conclusion 

For breaks up to and including the double-ended severance of a reactor 

coolant pipe, the Safety Injection System with partial effectiveness will 

prevent clad melting and assure that the core will remain in place and 

substantially intact with its essential heat transfer geometry preserved.  

The final core cooling systems design meets the core cooling criteria with 

substantial margin for all cases. It was also concluded from this study 

that the high head pumps are capable of maintaining core flooding for 

all break sizes up to approximately the 4 inch connecting pipe. For larger 

breaks the needed protection is supplied by the accumulators.
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valves are c pable of rapid operation. All valves required for initiation 

of safety inje tion or isolation of the system have remote position indication 

in the control r om.  

Valving is specified for exceptional tightness and, where possible, such 

as instrument valves, -ackless diaphragm valves are used. All valves, 

except those which perfo m a control function, are provided with backseats 

which are capable of limit ng leakage to less than 1.0 cc per hour per 

inch of stem diameter, assu ng no credit taken for valve packing. Those 

valves which are normally ope , are backseated. Normally closed globe 

valves are installed with recir ulation flow under the seat to prevent 

leakage of recirculated water th ugh the valve stem packing. Relief valves 

are totally enclosed. Control and motor-operated valves, 2 1/2" and above, 

which are exposed to recirculation ow, are provided with double-packed 

stuffing boxes and stem leakoff conne tions which are piped to the Waste 

Disposal System.  

The check valves which isolate the Safety njection System from the 

Reactor Coolant System are installed immedi tely adjacent to the reactor 

coolant piping to reduce the probability of safety injection line 

rupture causing a loss .-of-coolant acc\ident.  

A relief valve is installed in the safety inject! n pump discharge header 

discharging to the pressurizer relief tank, to pre ent overpressure in the 

lines which have a lower design pressure than the R actor Coolant System.  

The relief valve is set at the design pressure of th safety injection piping.  

The gas relief valves on the accumulators protect them rom pressures in 

excess of the design value.  

Motor Operated Valves 

The pressure containing parts (body, bonnet and, discs) of the valves employed 

in the Safety Injection System are designed per 'criteria established 

by the USAS B16.5 or MSS SP66 specifications. The materials of construction 
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for these parts are procured per ASTM A182, F316 or A351, Gr CF8M or CF8. W 

All material in contact with the primary fluid, except the packing, is 

austenitic stainless steel or equivalent corrosion resisting material.  

The pressure containing cast components are radiographically inspected 

as outlined in ASTM E-71 Class 1 or Class 2. The body, bonnet and discs 

are liquid penetrant inspected in accordance with ASME Boiler and Pressure 

Vessel Code Section VIII, Appendix VIII. The liquid penetrantacceptable 

standard is as outlined in USAS B31.1 Case N-10.  

When a gasket is employed the body-to-bonnet joint is designed per ASME 

Boiler and Pressure Vessel Code Section VIII or USAS B16.5 with a fully 

trapped, controlled compression, spiral.wound asbestos gasket with provisions 

for seal welding, or of the pressure seal design with provisions for seal 

welding. The body-to-bonnet bolting and nut materials are procured per 

ASTM A193 and A194, respectively.  

The entire assembled unit is hydrotested as outlined in MSS SP-61 with 

the exception that the test is maintained for a minimum period of 30 minutes 

per inch of wall thickness. The seating design is of the Darling parallel 

disc design, the Crane flexible wedge design, or the equivalent. These 

designs have the feature of releasing the mechanical holding force during 

the first increment of travel. Thus, the motor operator has to work only 

against the frictional component of the hydraulic unbalance on the disc 

and the packing box friction. Thediscs are guided throughout the full 

disc travel to prevent chattering and provide ease of gate movement. The 

seating surfaces are hard faced (Stellite No. 6 or equivalent) to prevent 

galling and reduce wear.  

The stem material is ASTM A276 Type 316 condition B or precipitation hardened 

17-4 PH stainless procured and heat treated to Westinghouse Specifications.  

These materials are selected because of their corrosion resistance, high 

tensile properties, and their resistance to surface scoring by the packing.  

The valve stuffing box is designed with a- lantern ring leak-off 
connection 

with a minimum of a full set of packing below the lantern ring and a maximum-
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QUESTION 1.11 

With respect to as-built tornado protection for the facility, (1) determine 
the wind loading and pressure drop that structures and equipment comprising 
the facility are capable of sustaining and provide the basis for the deter
mination in each case; (2) discuss the ability of the structures and exposed 
equipment to sustain tornado-originated missiles.  

Structures which should be considered include the containment building, the 
primary auxiliary building, the control room building, the refueling building 
including the spent fuel storage pool, and the intake structure.  

ANSWER 

(1) Containment Structure - See answer to Questions 2.1 (1) and 2.4 (d) in 

Supplement 4 to the Indian Point Unit No. 3 PSAR.  

PAB; Control Building; Fuel Storage Building; - Based on information 

from the siding manufacturer the siding panel will blow out at 170 psf 

which is equivalent to a 1.18 psi negative pressure. Panels fail at 

60 psf external pressure which is equivalent to 162 mph external wind 

load.  

The girts will fail at 90 psf which is equivalent to .62 psi negative 

pressure. The 60 psf mentioned above controls the external loading 

condition.  

(2) Containment Structure - It will not be penetrated by the following missiles 

a) 4" x 12" x 12' wood plank at 300 mph.  

b) 4000# auto at 50 mph less than 25'-0 above the ground.  

PAB; Control Building; Fuel Storage Building; - The 3 1/4" thick siding 

panels are not capable of resisting any tornado generated missiles.  

The intake structure is capable of resisting any wind or missile loads 

generated by a tornado. This is true only for the structure and does 

not necessarily include equipment.  

Supplement 1 
Q 1.11-1 10/69



9.9.2 SYSTEM DESIGN AND OPERATION 

The Control Room Ventilation System is composed of the following equipment: 

a) A direct expansion, water-cooled air conditioning unit complete 

with fan, steam heating coil and roughing filter.  

b) A filter unit consisting of case, roughing filter, HEPA filters, 

charcoal filters and a booster fan with a capacity of approximately 

1840 cfm.  

c) Duct system complete with 'dampers and controls to give four (4) 

system booster fan operating conditions.  

The Control Room Ventilation System will operate as follows: 

a) Normal Conditions 

1) With outside air makeup 

Will supply cooling or heating for 'the control room atmosphere 

as required, using fresh outside air makeup and with the 

charcoal filter unit bypassed.  

2) With building air makeup 

Same as 1), except that pneumatic dampers will be positioned 

to provide makeup air from the control building interior instead 

of from outside.
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b) Fallout or Accident Conditions 

1) With outside air makeup filtered 

The booster fan will start and pneumatic dampers will be 

positioned to permit outside air and a portion of recirculated 

room air to flow through the charcoal filter unit.  

2) With no makeup air 

The pneumatic dampers will be positioned to close both the outside 

air makeup and building air makeup ducts. Appproximately 1840 

cfm will be directed through the charcoal filter unit to remove 

airborne particulate radioactivity that may have entered the 

control room through the outside air makeup, or that may 

enter by infiltration.  

All these operations can be performed manually from the control room. In 

*addition, in the event of high radiation levels in the control room, the control 

room radiation monitor will automatically reposition the dampers and start 

the booster fan to place the charcoal filter unit in service, for system 

operating mode b)2).

9.9 .2-2



is therefore concluded that a 0.3% AK ejected rod can be tolerated with 

come considerable margin. The ejected rod worth for full power operation 

with the C4 control bank fully inserted in 0.28% AK. This condition con

stitutes a large deviation from the operating instructions. A further in

sertion of the control rods, beyond this condition, would of course increase 

the reactivity of the accident, and would result in a limited amount of fuel 

melting on the pellet center line at the leak spot. This would not produce 

fuel dispersal in the coolant. A considerable margin to clad melting would 

still exist.  

Part Power End of Life 

The worst part power ejected rod worth and hot channel factors occur when 

the first two control banks are fully inserted, and the third bank almost 

fully inserted. Physics calculations indicate that the maximum possible 

power at which this condition can occur is 4% of full power. For an ejected 

rod worth of 0.8% and assuming that only two main coolant pumps are running, 

this results in a peak cladding temperature of 2150'F and a peak center fuel 

temperature of 3320'F. These results are included in Figures 14.2.6-4 and 

14.2.6-9.  

Zero Power End of Life 

The worst ejected rod worth at zero power is less than the value of 0.8% 

used in the part power case above. For conservatism, the value of 0.8% has 

been used. The peak cladding temperature is 1830*F, and the peak center 

fuel temperature is 2780'F. The result of this case are included in Figures 

14.2.6-5 and 14.2.6-10.  

Ejection of the Worst Xenon Rod at Full Power 

Based on very pessimistic assumptions, the worst ejected rod worth for a 

fully inserted radial xenon rod is 0.2% AK. This is the same value as for 

a control bank rod ejected from the bottom of the maneuvering band. However,
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the transient hot channel factor is only 3.5 (compared with 3.8 for the 

ejected control bank rod). It is therefore concluded that the ejection 

of a radial xenon rod cannot be worse than the ejection of a c ontrol bank 

rod. The worst ejected rod worth of a part length rod is less than 0.1% AK, 

and so again is much less severe than th e ejection of a control bank rod.  

Since the ejection of xenon control rods is always less severe than the 

ejection of a control bank rod from full power, no detailed cases are pre

sented.  

Fission Product Release 

It is assumed that fission products are released from the gaps of all rods 

entering DNB. In all cases considered only a small fraction of the core 

(less than 2%) enters DNB. The position with regard to fission product 

release is therefore much better than for the double ended coolant pipe break 

(the maximum hypothetical accident) for which the majority of the core enters 

DNB.  

Pressure Surge 

Because there is no fuel or clad melting, even in the worst case with the 

most pessimistic assumptions, there is no danger of a sudden pressure rise 

due to heat transfer from dispersed molten fuel or from massive sudden metal

water reaction. Thus, the pressure conditions can be judged on the basis of 

relatively conventional heat transfer rates. The most severe excess addition 

of energy to the coolant occurs for the full power end of life case,.and so 

this case results in the worst pressure transient. In order to estimate the 

magnitude of this pressure transient, average channel and hot spot heat 

transfer calculations were performed using a high gap conductance and with

out assum ing DNB. The power curves used for these calculations represented 

a limiting case which almost initiated center melting at the hot spot.. Using 

the heat flux data obtained above, a THING 3 run was conducted to determine
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the volume surge (without the benefit of pressure feedback). This volume 

surge was subsequently used as the basis for a pressure calculation. The 

results indicated that starting at 2250 psi a peak pressure of about 2340 

psi occurs some 1.5 seconds after rod ejection.  

Conclusions 

Even on the most pessimistic bases, the analyses indicate no fuel or clad 

melting:. The amount of fission products released as a result of clad 

rupture during DNB is considerable less than in the case o f the double ended 

main coolant pipe break (the maximum hypothetical accident). Furthermore, 

the resulting pressure surge is insufficient to produce consequential damage 

to the primary circuit.
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ctual channel calibration will consist of injecting a test signal from 

a external calibration signal source into signal injection jack. Where 

app 'cable, the channel power supply will serve as a power source for 

the ca ibration source and permit verifying the output load capacity 

of the p er supply. Test points are located in the analog channel 

and provide an independent means of measuring the calibration signal 

level.  

Logic Channe Testin 

The general design featu s of the logic system are described below.  

The trip logic channels for a typical two-out-of-three and a two-out

of-four trip function are sho in Figure 7.2-8. The analog portions 

of these channels are shown in gure 7.2-9. Each bistable drives two 

relays ("A" & "B" for level and "C' & "D" for pressure). Contacts from 

the "A" and "C" relays are arranged a 2/3 and 2/4 trip matrix for 

Trip Breaker 1. The above configurati is duplicated for Trip Breaker 

2 using contacts from the "B" and "D" re ys. A series configuration 

is used for the trip breakers since they a actuated (opened) by undervoltage 

coils. This approach is consistent with a d energize,to-trip preferred failure mode. The planned logic system testin includes exercising 
the reactor trip breakers to demonstrate system tegrity. By-pass breakers are provided for this purpose. During no al operation, these by-pass breakers are open. Administrative control w~ 1 be used to minimize the mount oftimethee brekes aredclosedand toaet s nomultneous 

of either by-pass breaker is provided.  

t 

As shown in Figure 7.2-8, the trip signal from the logic net .rk is 
simultaneously applied to the main trip breaker associated wit the 
specific logic chain as well as the by-pass breaker associated w~th 
the alternate trip breaker. Should a valid trip signal occur whi 

AB-il is by-passing TB-l, TB-2 will be opened through its associated 
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logic train. The trip signal applied to TB-2 is simultaneously applied 

to AB-l thereby opening the by-pass around TB-l. TB-I would either have 

been opened manually as part of the test or would be opened through 

its associated logic train which would be operational or tripped during 

a test.  

An auxiliary relay is located in parallel with the undervoltage coils 

of the trip breakers. This relay is tied to an event recorder which 

is used to indicate transmission of a trip signal through the logic 

network during testing. Lights are also provided to indicate the status 

of the individual logic relays.  

The following procedure illustrates the method used for testing Trip 

Breaker No. 1 and its associated logic network.  

a. With the by-pass breaker (AB-I) racked-out, manually set and trip 

AB-l to verify operation.  

b. Rack-in and set AB-I. Trip TB-I.  

c. Sequentially de-energize the trip relays (Al, A2, A3) for each 

logic combination (1-2, 1-3, 2-3). Verify that the logic network 

de-energizes the UV coil on TB-l for each logic combination. Since 

the event recorder monitors the signal applied to the UV coil, 

operation of the UV coil can be determined from the event recorder.  

d. Repeat "C" for every logic combination in each matrix.  

e. Reset TB-l.  

f. Trip TB-l to validate prior test results as evidenced by the event recorder.  

g. Reset TB-l. Trip and rack-out AB-I.
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8 ELECTRICAL SYSTEMS

DESIGN BASES

The main generator will feed electrical power at 22 kv through an isolated 

phase bus to two half-sized main power transformers. The bulk of the power 

required for station auxiliaries during normal operation will be supplied 

by an auxiliary transformer connected to the isolated phase bus. This 

practice has been proven highly satisfactory for fossil-fueled units. Deviations 

from past practices are reflected in the provisions for stand-by or emergency 

power which have been included to further ensure the continuity of electrical 

power for critical loads.  

The function of the Auxiliary Electrical System is to provide reliable 

power to those auxiliaries required during any normal or emergency mode 

of plant operation.  

The design of the system is such that sufficient independence or isolation 

between the various sources of electrical power is provided in order to 

guard against concurrent loss of all auxiliary power.

8.1.1

Performance

PRINCIPAL DESIGN CRITERIA

Standards

Criterion: Those systems and components of reactor facilities which are 
essential to the prevention or to the mitigation of the conse
quences of nuclear accidents which could cause undue risk to 
the health and safety of the public shall be designed, fabricated, 
and erected to performance standards that will enable such 
systems and components to withstand, without undue risk to 
the health and safety of the public the forces that might reasonably 
be imposed by the occurrence of an extraordinary natural pheno
menon such as earthquake, tornado, flooding condition, high 
wind or heavy ice. The design bases so established shall reflect: 
(a) appropriate consideration of the most severe of these natural 
phenomena that have been officially recorded for the site and 
the surrounding area and (b) an appropriate margin for withstanding 
forces greater than those recorded to reflect uncertainties 
about the historical data and their suitability as a basis 
for design. (GDC 2)
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All electrical systems and components vital to plant safety, including 

the emergency diesel generators are designed as Class I and designed so 

that their integrity is not impaired by the maximum potential earthquake, 

wind storms, floods or disturbances on the external electrical system.  

Power', control and instrument cabling, motors and other electrical equipment 

required for operation of the engineered safety features are suitably protected 

against the effects of either a nuclear system accident or of severe external 

environment phenomena in order to assure a high degree of confidence in 

the operability of such components in the event that their use is required.  

Emergency Power 

Criterion: An emergency power source shall be provided and designed with 

adequate independency, redundancy, capacity, and testability 
to permit the functioning of the engineered safety features 

and protection systems required to avoid undue risk to the 

health and safety of the public. This power source shall provide 

this capacity assuming a failure of a single active component.  
(GDC 39 and GDC 24) 

Independent alternate power systems are provided with adequate capacity 

and testability to supply the required engineered safety features and 

protection systems.  

The plant is supplied with normal, standby and emergency power sources 

as follows: 

1. The normal source of auxiliary power during plant operation is the 

generatoro. Power is supplied via the unit auxiliary transformer 

which is connected to the main leads of the generator.  

2. Standby power required during plant startup , shutdown and after 

reactor. trip is supplied from the Consolidated Edison Co. 138 kv 

system by overhead line from a substation approximately 3/4 mile 

from the plant to the station auxiliary transformer. In addition, 

a 21 Mw gas turbine is available as an emergency blackout startup 

power supply., The capacityof the gas -turbine generator requires 

that the station load be reduced to a minimum for startup.
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3. Three diesel generator sets are connected to the engineered safety 

features buses to supply emergency shutdown power in the event of 

loss of all other a.c. auxiliary power.  

4. Emergency power supply for vital instruments and control and supplies 

for emergency lighting is from the two 125 volt dc station batteries.  

The diesel-generator sets are located adjacent to the primary auxiliary 

building and are connected to separate 480 volt auxiliary system buses.  

Each set will be started automatically on a safety injection signal or 

upon the occurrence of undervoltage on the outside plant source of power.  

Any two diesels have adequate capacity to supply the engineered safety 

features for the hypothetical accident concurrent with loss of outside 

power. This capacity is adequate to provide a safe and orderly plant shutdown 

in the event of loss of outside electrical power.
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buses is fed through four-6900/480 volt station service transformers of 

non-explosive, fire-resistant, air-insulated, dry type. Solid insulation 

in the transformers consists of inorganic materials such as porcelain, 

mica, glass or asbestos in combination with a sufficient quantity of a 

high temperature binder, to impart the necessary mechanical strength to 

the insulation structure. This insulation is defined by ASA standards 

as Group III material.  

These transformers are designed and constructed in accordance with the 

applicable standards of ASA, IEEE and NEMA. During engineered safeguards 

loading and operation, these transformers will not be loaded beyond their 

rating. Manufacturer shop tests of the transformers are conducted in accordance 

with the latest revision of American Standard Test Code C 57.12.90. This 

series of tests consists of the following: 

1. Resistance measurements of all windings 

2. Ratio tests 

3. Polarity and phase relation tests 

4. No-load losses 

5. Exciting current 

6. Impedance and load loss 

7. Temperature test 

8. Applied potential tests 

9. Induced potential tests.  

Auxiliary power required during plant start-up, shutdown and after reactor 

trip is supplied from the 138 kv switchyard. After reactor or turbine 

generator trip, the auxiliaries on the four 6900 volt buses supplied by 

the Unit Auxiliary Transformer are transferred by a dead fast transfer 

scheme using stored energy breakers to the Station Auxiliary Transformer.  

The 138 kv system is the normal supply for the auxiliary load associated 

with plant engineered safeguards.
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6900 Volt System 

The 6900 volt system is divided into six buses. Two buses,, numbers 5 and 

6, are connected to the 138 kv system via bus main breakers and the Station 

Auxiliary Transformer. Buses 1, 2, 3, and 4 are connected to the generator 

leads via bus main breakers and the Unit Auxiliary Transformer. Buses 1 

and 2 can be tied to bus 5 and buses 3 and 4 can be tied to bus 6 via bus 

tie breakers. Buses 2, 3, 5 and 6 each serve one 6900-480 volt station 

service transformer.  

480 Volt System 

The 480 volt system is divided into four buses. The 480 volt buses are 

supplied from the 6900 volt buses as follows: 2A from 2; 3A from 3; 5A 

from 5; and 6A from 6. Tie breakers are provided between 480 volt buses 

2A and 3A, 2A and 5A, 3A and 6A.  

The required safeguards equipment circuits are dispersed among the 480 

volt buses. The normal source of power for buses 5A and 6A is the 138 kv 

system (via station auxiliary transformer, and 6900 volt buses 5A and 6A), 

and no transfer is required in the event of an incident. Buses 2A and 

3A are tied to buses 5A and 6A in the event of an incident.  

One emergency diesel-generator set is connected to bus 5A, one to 6A and 

the other to buses 2A and 3A. Each set will be automatically started upon 

under-voltage on one of the 6900 volt buses associated with outside power.  

The power for the safeguards valve motors will be supplied from two motor 

control centers which in turn will be supplied from the 480 volt system.  

Each motor control center bus will be fed through a circuit breaker on 

the 480 volt system. These circuit breakers will be on different 480 volt 

buses and the bus that supplies each breaker will be supplied by an emergency 

diesel generator.
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Any two units, as a backup -to the normal standby AC power supply are capable 

of sequentially starting and supplying the power requirement of one complete 

set of safeguards equipment. The units are located in a Class I structure 

located near the Primary Auxiliary Building.  

Each emergency diesel is automatically started by two redundant air motors, 

each unit having a complete 53 cu. ft. air storage tank and compressor 

system powered from a 480 volt motor. The piping and the electrical 

services are arranged so that manual transfer between units is possible.  

Each air receiver has sufficient storage for 4 starts. The diesel will consume, 

however, only enough air for one automatic start during any particular power 

failure. This is due to the engine control system which is designed to 

shutdown and lock-out any engine which does not start after one revolution.  

The emergency units are capable of being started and sequence load begun 

within 10 seconds after the initial signal. The starting system is completely 

redundant for each diesel generator. The units have the capability of 

being fully loaded within 30 seconds after the initial starting signal.  

The starting system is completely redundant for each diesel generator.  

To ensure rapid start the units are equipped with water jacket and lube 

coil heating and pre-lube pump for circulation of lube oil when the unit is 

not running. The units are located in heated rooms.  

An audible and visual alarm system will be located in the main control room 

and will alarm off-normal conditions of jacket water temperature, lube oil 

temperature, fuel oil level, and starting air pressure.  

The abnormal conditions that can shut down the diesel generator during an 

accident are: 

a) over cranking 

b) low oil pressure 

c) overspeed
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A shutdown of the diesel generator is indicated in the control room by 

an audible alarm on the control board and by the generator bus voltmeter.  

The diesel generator is designed to start and come up to speed within ten 

seconds after initiation of the starting signal. Failure of the engine to 

start within the timing period of the overcrank time (20 seconds) indicates 

a malfunction. Shutdown conserves the starting air supply so that the engine 

can be subsequently started after the malfunction is corrected.  

Low oil pressure indicated by two out of three oil pressure switches shuts 

down the diesel generator, since the engine cannot run without proper 

lubrication. Shutdown permits corrective action to be taken before the 

engine is damaged, and the diesel generator can then be returned to normal 

operation, 

An overspeed condition causes improper generator output and therefore, the 

diesel generator should be shut down for corrective action to be taken to 

restore the generator output to normal.  

The u nits will use diesel oil spec No. 2. A two hour storage tank is located 

at each of the units. Three fuel oil storage tanks will be on site having 

a capacity of 15,000 gallons each. This capacity will provide sufficient 

fuel to allow two diesels to operate continuously at 3500 kv total for 

54 hours. Transfer of oil from the underground storage tank to automatically 

maintain level in each unit tank is accomplished by a motor driven pump for 

each unit tank. Any oil transfer pump is capable of serving any one or 

more emergency generator unit tanks through manual valving.  

Additional supplies of diesel oil are available locally. Under normal con

ditions, 25,000 gallons can be delivered on a one or two day notice. Addi

tional supplies are also maintained in the New Rochelle -Mount Ver non 

area (about 40 miles from the plant) and are available for use during 

emergencies, subject to extreme cold weather conditions (increased domestic 

heating usage) and available transportation.
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Further research and development work by Westinghouse and the industry on 

pray additives for iodine removal has resulted in the conclusion that sodium 

h roxide solution is more suitable for the accident application than is sodium 

thio ulfate.  

Burnable oison rods have been added to the first core cycle to reduce the 

coolant bo n concentration such that the moderator temperature coefficient 

of reactivit will be negative at power operation conditions. This modification 

lessens the se rity of a rod ejection or loss of coolant accident and 

improves the stab ity of the core power distribution. In core cycles 

after the first no urnable poison rods are needed to maintain the moderator 

coefficient negative.  

Further study on the subj ct of spatial Xenon oscillations indicates that 

oscillations are to be expe ted in the axial direction. Part length absorber 

rods are provided to give the operator means to control the axial power 

distribution. In addition, al ough oscillations are not expected to occur 

in the X-Y plane of the core, X-Ycontrol rods are provided for use in controling 

X-Y power distribution should they occur.  

The valving and piping modifications in the emergency core cooling system 

give capability to maintain core cooling d containment cooling in the 

event of a passive component failure in the\ afety injection system or service 

water system long term after a loss of coolant The design also has sufficient 

component redundancy to accomodate an active com\onent failure.  

The boron injection tank modification consists of an ddition to the safety 

injection system which causes an initial charge of highconcentration boric 

acid to be injected into the Reactor Coolant System on ac &vation of the 

safety injection system. The system gives increased emergen shutdown 

capability for this condition by supplementing the poison inserion from 

the control rods. This greatly limits the time the reactor could e critical 

following a hypothetical steam break accident.
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A complete set of as-built facility plant and system diagrams including 

arrangement plans and structural plans and records of initial tests and 

operation are maintained throughout the life of the reactor A setof all 

the quality assurance data generated during fabrication and-erection of 

the essential components of the plant, as defined by the quality assurance 

program,.is retained..  

Reference, section:.  

Section Title . Section__ 

Records .. . 12.4 

InitialTests and Operation, 13 

Quality Assurance Organization Appendix B; 

1.3.2 PROTECTION BY MULTIPLE FISSION PRODUCT BARRIERS. (GDC 6 - GDC 10) 

The reactor core, with its related control and protection system, is designed 

to function throughout its design lifetime without exceeding acceptable 

fuel damage limits. The core design, together with reliable process and 

decay heat removal systems, provides for this capability under all expected 

conditions of normal operation with appropriate margins for uncertainties 

and anticipated transient situations.  

The reactor control and protection instrumentation is designed to actuate 

a reactor-trip for, any anticipated-combination of plant:conditions, when 

necessary -to ensure a minimum Departure from Nuclear Boiling (DNB) ratiot, 

equal. to or greater than-1.30 and fuel center temperature below, the melting 

point.of UO2 .  

Reference sections:. -.  

Section Title Section .  

Reactor, Design Basis, Nuclear Design . .3.1, 3.2 

Instrumentation and Control, Protective Systems 7.2 

Safety Analysis 14
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The design of the reactor core and related protection systems ensures that 

power oscillations which could cause fuel damage in excess of acceptable 

limits are not possible or can be readily suppressed.  

Low frequency spatial xenon oscillations may occur in the axial dimension, 

and part length control rods are provided to supress these oscillations.  

The core is expected to be stable to xenon oscillations in the X-Y dimension; 

however, full length control rods are provided which are capable of controlling 

such oscillations should they occur. Out of core instrumentation is provided 

to monitor any xenon induced oscillations. In core instrumentation is 

used to periodically calibrate and verify the information provided by the 

out of core instrumentation.  

The moderator temperature and overall power coefficient in the power operating 

range is maintained negative by inclusion of burnable poison shims in the 

first core loading. The overall power coefficient in the power operating range 

is always negative.  

Reference section: 

Section Title Section 

Reactor Design 3.1, 3.2 

The Reactor Coolant System in conjunction with its control and protective 

provisions is designed to accommodate the system pressures and temperatures 

attained under all expected modes of plant operation or anticipated system 

interactions, and maintain the stresses within applicable code stress limits.  

The materials of construction of the pressure retaining boundary of the 

Reactor Coolant System are protected by control of coolant chemistry from 

corrosion phenomena which might otherwise reduce the system structural 

integrity during its service lifetime.
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the Reactor Coolant System." Thelsystem is designed to prevent, under anticipated 

system malfunction, uncontrolled or inadvertent reactivity changes which 

might stress the system beyond design limits.  

The Reactivity Control Systems provided are capable of making and holding 

the core subcritical from any:hot standby or hot operating. condition, including 

those resulting from power changes. 'The maximum excess reactivity expected 

for the core occurs for the cold, clean condition at the beginning of life.  

The full length and part length Rod Cluster Control (RCC) assemblies are 

divided into four categories comprising control banks, shutdown banks, X-Y 

banks and a part length rod bank. The control bank of RCC assemblies are 

used to compensate for short term reactivity changes at power-produced 

due to variations in reactor power or in coolant temperature. The chemical 

shim control is used to compensate for the more slowly occurring changes 

in reactivity throughout core life such as those due to fuel depletion 

and fission product buildup and decay.  

The shutdown banks are provided to supplement the control banks of RCC assemblies 

to make the reactor at least one per cent subcritical (keff = 0.99) following 

trip from any credible operating condition to the hot, zero power condition 

assuming the most reactive RCC assembly remains in the fully withdrawn 

position.  

Boron injection from the Safety Injection System actuation supplements 

rod insertion and prevents return to critical in the event of the maximum 

credible steam break, namely opening of a safety valve. This is accomplished 

with maximum worth rod fully withdrawn.
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Any time that the plant is at power, the quantity of boric acid retained 

in the boric acid tanks and ready for injection will always exceed that quantity 

required for the normal cold shutdown.  

The boric acid solution is transferred from the boric acid tanks into the 

reactor coolant by the boric acid transfer pumps and charging pumps which 

can be operated from diesel generator power on loss of primary power. Boric 

acid can be injected by one of the three charging pumps at a rate sufficient 

to shut the reactor down from full power with no rods inserted in 

less than sixteen minutes. In sixteen additional minutes, enough boric 

acid can be injected by one pump to compensate for xenon decay although 

xenon decay below the equilibrium operating level will not begin until 

approximately 15 hours after shutdown. Additional boric acid is employed 

if it is desired to bring the reactor to cold shutdown conditions.  

The Reactor Protection Systems will limit reactivity transients to DNBR 

> 1.30 due to any single malfunction in the reactor coolant deboration 

controls.  

Limits, which include considerable margin, are placed on the maximum reactivity 

worth of control rods by limiting position of insertion as a function of 

power and on rates at which reactivity can be increased to ensure that 

the potential effects of a sudden or large change of reactivity cannot 

(a) rupture the reactor coolant pressure boundary or (b) disrupt the core, 

its support structures, or other vessel internals so as to lose capability 

to cool the core.  

The rod cluster drive mechanisms are wired into preselected groups, and 

are prevented from being withdrawn in other than their respective groups.  

The rod drive mechanism is of the magnetic latch type and the coil actuation 

is sequenced to provide variable speed rod travel. The maximum reactivity
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Permanent test lines for the containment spray loops are located so that 

all components up to the isolation valve at the spray nozzles may be tested.  

These isolation valves are checked separately.  

The air test lines for checking that spray nozzles are not obstructed connects 

upstream of the isolation valve. Air flow through the nozzles is monitored 

by tell-tale devices attached to each nozzle or by use of a smoke generator.  

Capability is provided to test initially to the extent practical the operational 

startup sequence beginning with transfer to alternate power sources and 

ending with near design conditions for the Containment Spray and Containment 

Air Recirculation Cooling Systems.  

Reference sections: 

Section Title Section 

Containment Systems 5 

Engineered Safety Features 6 

Electrical Systems 8.1, 8.2 

1.3.8 FUEL AND WASTE STORAGE SYSTEMS (GDC 66-GDC 69) 

The new and spent fuel storage racks are designed so that it is impossible 

to insert assemblies in other than the prescribed locations. The spent 

fuel storage pit is filled with borated water at the same concentration 

as that used in the reactor cavity and refueling canal during refueling 

operations. The fuel is stored vertically in an array with sufficient 

center-to-center distance between assemblies to assure Keff > 0.90 even 

if unborated water were used to fill the pit.
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During reactor vessel head removal and while loading and unloading fuel 

from the reactor, the boron concentration is maintained at not less than 

that required to shutdown the core to a k ef= 0.90. This shutdown margin 

maintains the core at k >0.99, even if all control rods are withdrawn 
ef f 

from the core. The refueling water boron concentration is periodically 

checked to ensure the proper shutdown margin.  

The design of the fuel handling equipment incorporating built-in interlocks 

and safety features, the use of detailed refueling instructions and observ

ance of minimum operating conditions provide assurance that no incident 

could occur during the refueling operations that would result in a hazard 

to public health and safety.  

The refueling water provides a reliable and adequate cooling medium for 

spent fuel transfer. Heat removal from the refueling water is provided by 

an auxiliary cooling system.  

Adequate shielding for radiation protection is provided during reactor 

refueling by conducting all spent fuel transfer and storage operations 

under water. This permits visual control of the operation at all times 

while maintaining low radiation levels, less than 2.5 mr/hr, for periodic.  

occupancy of the area by operating personnel. Pit water level is indicated, 

and water to be removed from the pit must be pumped out as there are no 

gravity drains. Shielding is provided for waste handling and storage facilities 

to permit operation within requirements of 10 CFR 20.  

Gamma radiation is continuously monitored in the auxiliary building. A 

high level signal is alarmed locally and is annunciated in the control 

room.
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1.5 RESEARCHAND DEVELOPMENT REQUIREMENTS

Research anddevelopment was conducted relating to finalization of core 

design details and parameters, air recirculation system halogen filters, 

failure of, core cooling systems and means to ameliorate consequences, emergency 

core .cooling system, control rod ejection analysis and reactor coolant 

pump controlled leakage seals.  

The detailed final core design and thermal-hydraulics and physics parameters 

have been completed. The nuclear design including fuel configuration and 

enrichments, control rod pattern and worths, reactivity coefficients and 

boron requirements are presented in Section 3.2.1 and the final thermal

hydraulics design parameters are in Section 3.2.2. Section 3.2.3 presents 

the .final fuel, fuel rod, fuel assembly and control rod mechanical design.  

The core design incorporates fixed burnable poison rods in the initial 

loading to ensure a negative moderator reactivity temperature coefficient 

at operating temperature. This improves reactor stability and lessens 

the consequences of a rod ejection or loss of coolant accident. The nuclear 

design configuration and mechanical design is presented in Sections 3.2.1 

and .3.2.3 respectively.  

Core stability has been, analyzed (2)'9(3) and design provisions for detection 

and control of potential Xenon oscillations have been finalized. The 
core design incorporates part length control rods for controlling these 

Xenon oscillations and shaping the axial power distribution. X-Y rod groups 

have been included for the control of across core Xenon oscillations should 

they.occur. Tests in operating reactors demonstrate the ability of the 

,out-of-core instrumentation to give accurate indication of power redistribution 

and .provide the operator information necessary to monitor and control these 

oscillations by moving the rods in a prescribed pattern (3 ) This capability 
will be verified during startup tests in the Indian Point Unit No. 2 Plant.

1.5-1



Full-size filter tests were conducted for -the Connecticut Yankee Atomic 

Power Company to demonstrate the efficiency for iodine removal under the 

most extreme conditions anticipated in thep ost-accident containmhent environment.  

The results of these tests (4 ) filed with the Atomic Energy Commission under 

Docket No. 50-213, are directly applicable to the charcoal'filter system 

employed in this plant. The continued effectiveness of the charcoal filters 

during plant use will be demonstrated by periodic tests in the Haddam Neck 

Plant and in this plant as required by the technical specifications.  

A program for development of a crucible system design, which would contain 

the reactor core assuming failure of the core cooling system to prevent 

a core meltdown was undertaken. A scheme for containing the molten core 

in a water submerged'high melting point refractory lined steel crucible 

resulted. Refractory materials and crucible physical design were investigated 

along with analysis of the temperature distribution expected with the molten 

core and crucible refractory, and 'steam and water recirculation paths.  

As a result of uncertainties in material properties at the high application 

temperature, the lack of experimental proof that the boiling core mass 

would dissipate its heat upward through the water cover, and the possibility 

of violent liquid metal-water reactions it became apparent 'that the proper 

emphasis for research and development on the loss of coolant accident should 

be increased emphasis placed on research and development for emergency 

core cooling system improvement in order to eliminate need for a crucible.  

This is supported by the conclusions of the Report of Advisory Task Force 

on Power Reactor Emergency' Cooling," Emergency Core' Cooling," USAEC.  

This additional development effort on emergency core cooling system design 

has resulted in the modification of the system to include pressurized accumulator 

tanks for rapid core reflooding. This increased flooding capability limits 

0
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actuated directly by the coolant conditions identified with core limits are 

therefore effective in preventing core'damage.  

Supression of Power Oscillations 

Criterion: The design of the reactor core with its related controls and 
protection systems shall ensure that power oscillations, the 
magnitude of which could cause damage in excess of. acceptable 
fuel damage limits, are not possible or can be readily supressed.  
(GDC 7) 

The potential for possible spatial oscillations of power distribution for 

this core has been reviewed. It is concluded that low frequency xenon oscil

lations may occur in the axial dimension, and part length control r6ds are 

provided to supress these oscillations. The core is expected to be stable 

to xenon oscillations in the X-Y dimension; however, full length control 

rods are provided to control such oscillations should they occur. Out-of

core instrumentation is provided to obtain necessary information concerning 

power distribution. This instrumentation is adequate to enable the operator 

to monitor and control xenon induced oscillations. (In-core instrumentation 

is used to periodically calibrate and verify the information provided by 

the out-of-core instrumentation.) The analysis, detection and control of 

these oscillationstis discussed in reference 2) of Section 3.2.1.  

Redundancy of Reactivity'Control 

Criterion: Two independent reactivity control systems, preferably of different 
principles, shall be provided. (GDC 27) 

Two independent reactivity control systems are provided, one involving rod 

cluster control (RCC) assemblies and the other involving chemical shimming.  

Reactivity Hot Shutdown Capability 

Criterion: The reactivity control systems provided shall be capable of making 
and holding the core subcritical from any hot standby or hot 
operating condition. (GDC 28)
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The'reactivity control systems provided are capable of making and holding 

the core subcritical from any hot standby or hot operating condition, in

cluding those resulting from power changes. The maximum excess reactivity 

expected for the core occurs for the cold, clean condition at-the beginning 

of life of the initial core.  

The Rod' Cluster Control (RCC) assemblies are divided into four categories 

comprising control banks, shutdown banks, X-Y banks and a part length rod 

bank. The control banks used in combination with chemical shim control provide 

control of the reactivity changes of the core throughout the life of the 

core during power operation., These banks of RCC assemblies are used to 

compensate for short term reactivity changes at power that might be produced 

due to variations in reactor power level or in coolant temperature. The 

chemical shim control is used to compensate for the more slowly occurring 

changes in reactivity throughout core life such as those due. to fuel depletion 

and fission product buildup.  

Reactivity Shutdown Capability 

Criterion: One of the reactivity control systems provided shall be capable 
of making the core subcritical under any'anticipated operating 

condition"(including anticipated operational transients) suf
ficiently fast to prevent exceeding acceptable fuel damage limits.  
Shutdown margin should assure subcriticality with the most reac

tive control rod fully withdrawn.. (GDC 29) ..  

The reactor core., together.with'thereactor'control and protection system is 

designed that the minimum allowable DNBR is at least 1.30 and there is no 

fuel melting during normal operation including anticipated transients.  

The shutdown groups are provided to supplement the control groups of RCC 

assemblies to make the reactor at least one per cent subcritical at the hot 

zero power condition (keff = 0.99) following trip from'any credible 6perating 

condition assuming the most reactive RCC assembly is in the fully withdrawn 

position. *, :'
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Part Length Rods

The eight RCC assemblies with part length rods can be inserted into the 

core to control the axial power distribution. These assemblies do not drop 

when the reactor is tripped. The part length rods do not contribute to 

shutdown by themselves; they can, however, increase shutdown by flattening 

the power distribution at low power levels. No credit has been taken for 

this additional shutdown.  

Rods for Xenon Stability Control In The X-Y Plane 

Eight rods, four in each of the two shutdown banks, are designated as X-Y 

Xenon control rods. These rods can be driven in individually to damp 

Xenon oscillations. A maximum of two of these rods can be-inserted in 

the core at any time. An allowance of 0.2% Ap is made in the control 

requirements for these rods.  

Excess Reactivity Insertion Upon Reactor Trip 

The control requirements are nominally based on providing one per cent 

shutdown at hot, zero power conditions with the highest worth rod stuck 

in its fully withdrawn position or to prevent return to criticality following 

a credible steam-line break, whichever is the more limiting. The condition 

where excess reactivity insertion is most critical is at the end o'f a cycle 

when the steam break accident is considered. The excess control available 

at the end of cycle, hot zero power condition with the highest worth rod 

stuck out is 1.95% Ap after allowing a 10% margin for uncertainty in control 

rod worth as shown in Table 3.2.1-2.  

Calculated Rod Worths 

The complement of 53 full length control rods arranged in the pattern shown 

in Figure 3.2.1-1 meets the shutdown requirements. Table 3.2.1-3 lists the 

calculated worths of this rod configuration for beginning and end of the
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first cycle. In order to be sure of maintaining a conservative margin 

between calculated and required rod worths, an additional amount has been 

added to account for uncertainties in the control rod worth calculations.  

The calculated reactivity worths listed are decreased in the design by 10 

per cent to account for any errors or uncertainties in the calculation.  

This worth is established for the condition that the highest worth rod is 

stuck in the fully withdrawn position in the core.  

A comparison between calculated and measured rod worths in operating reactor 

shows the calculation to be well within the allowed uncertainty of 10%.  

Reactor Core Power Distribution 

In order to meet the performance objectives without violating safety limits, 

the peak to average power density must be within the limits set by the 

nuclear hot channel factors. For the peak power point in the core, the 

nuclear heat flux hot channel factor,. F, is 3.12. For the hottest channel 

the nuclear enthalpy rise hot channel factor, F H is 1.75.  

Extensive power distribution analyses are performed for the core and support 

the assertion that the design objectives are achieved. Figures 3.2.1-2 

through 3.2.1-5 show variation of hot channel factors for various rod positions.  

These calculations do not include the power flattening effect of equilibrium 

xenon and Doppler broadening. Analysis of the core power distribution with 

burnup is also performed. In-core instrumentation will be-employed to check 

the power distributions throughout core lifetime.  

Eight part length rods, which are similar to the standard control rods but 

which have absorber material in only the bottom three feet, are located 

in the core as shown in Figure 3.2.1-1. The function of these rods is to 

shape the axial power distribution and to control axial xenon oscillations.  

The control system for axial power distribution control is .based on manual 

operation of the part length rods. Administrative procedures, alarm functions,
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TABLE 3.2.1-1 (Cont'd)

BURNABLE POISON RODS

39. Number and Material 

40. Worth Hot Ap 

41. Worth Cold Ap 

KINETIC CHARACTERISTICS

1156 Borated Pyrex Glass 

7.5%

5.4%

42. Moderator Temperature Coefficient at Full Power 
(OF-) l 

43. Moderator Pressure Coefficient (psi- ) 

44. Moderator Density Coefficient, Ak/gm/cm
3 

45. Doppler Coefficient (F-1) 

46. Delayed Neutron Fraction, % 

47. Prompt Neutron Lifetime, sec.

- .3 x 10 - 4 to - 3.00 x 10 

+ .3'x 10-6 to'+ 3.00 x 10 

+ .03 to .30 

- 1.1 x 10-
5 to 1.8 x 10

-5 

.52 to .72 

1.4 to 10
-5 to 1.8 x 10

-5

0-3



TABLE 3.2.1-2 

REACTIVITY REQUIREMENTS FOR CONTROL RODS

Per Cent Ap 

Beginning 

of LifeRequirements

Control 

Power Defect 

operational Maneuvering Band 

Control Rod Bite 

X-Y Xenon Rods.  

Total Control.

1.90 

0.40 

0.10 

.0.20 

2.60

08

0-4

End 

of Life

3.05 

0.40 

0.10 

0.20 

3.75



TABLE 3.2.1-3

CALCULATER ROD WORTHS, Ap

Rod 
Configuration

Less 
Worth 10%*

Design 
Reactivity 

Require
ments

53 rods in

52 rods in; Highest 
Worth Rod Stuck Out

8.50%

7.36% 6.62%

EOL 
(3rd Cycle)

HFP

53 rods in 7.55%

52 rods in; Highest 6.35% 5.70% 
Worth Rod Stuck Out

3.75% 1.95%

BOL = Beginning of Life 

EOL = End of Life 

HFP = Hot Full Power 

* Calculated rod worth is reduced by 10% to allow for uncertainties.

Core 
Condition

BOL 

HFP

Shutdown 
Margin

2.60% 4.02%



TABLE 3.2.1-4 

RESULTS OF CALCULATIONS AS A FUNCTION OF 

LABORATORY PROVIDING EXPERIMENTAL DATA (4 )

Type of 

Laborator y Experiment

No. of 

Experiments

Calculated 

k + a

Westinghouse Atomic Power 

Division (WAPD) 

Bettis Atomic Power 

Laboratory 

Brookhaven National 

Lab oratory 

Hanford Atomic Products 

Operation

Babcock and Wilcox

Critical 

Critical

0.9968 + 0.0036 

0.9940 + 0.0022

0.9964 + 0.0051*Exponential 

Exponential

Critical 26

0.9953 + 0.0105 

0.9885 + 0.0094
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1800
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ROD CLUSTER CONTROL BANKS

SYMBOL NUMBER OF ROD CLUSTERS

PL (part 
length rod)

FIGURE 3.2.1-1
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1.191 1.110 1,249 1.127 1,219 1.121 1.003 0.720 

1.110 1.243 1.236 1.257 1.184 1.142 1.003 0.783 

S N 

_4 -F~ 
X' - " AH ;. . . . ..  

1.247 1.235 1.285* f.214 1.185 1.067 0.937 0.654 

1.124 1.253 1-.212 1.196 1.028 1'-i.032 0.896 0.522 

w;_

1.214 1.178 1.026 1.221 0. 866 0.-801

1.115 1.135 1.052 1.027-- 0.864 0.981 0.471

0.9991 0.998

-I. I

0.7311 0.782

-a i

0.930

0.651

0.890

0.519

0.798 0.470

ASSE2BLYWISE AVERAGE POWER DISTRIBUTION 

BEGINNING OF LIFE, UNRODDED CORE, 

N 
2.758 MWT F AH= 1.41

FIGURE 3.2.1-2
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In conclusion a set of "as built" dimensions are taken to verify conformance 

to the design requirements-and assure proper fitup between the reactor 

internals and the reactor pressure vessel.  

Fuel Quality Control 

Quality Control philosophy is genferilly based on'the followlng inspections 

being performed'to a 95%-confidence that no more than 5-defects per 100 

will be allowed, unless otherwise noted, using either a hypergeometric 

function with zero defectives for small lots of the latest revision of 

Mil- 105B for large'lots. This confidence level has been based on past 

experience'gained during the manufacturing of over 400 metric tons of 

uranium cores- The following inspections are included.  

1) Component Parts - All parts received are inspected to a 95 x 5 

confidence level. *The characteristics inspected depends upon the 

component parts and includes dimensional, visual, check audits of 

test reports,material certification and non-destructive testing such 

as X-ray and ultrasonic. Westinghouse materials and component speci

fications specify in'detail the inspection to be performed; Hydro- ' 

static and mechanical properties tests are made where applicable..  

All material'used in the manufacture of this core was accepted and 

released by Quality Control.. . .  

2) Pellets--Inspectioin is performed to a 95 x 5 level'for the'dimensional 

characteristics such as:.diameter, length and squareness of ends.  

Additional visual:inspectionsare performed for cracks, chips-and 

porosity, according to standards established at the beginning of 

production. These standards are based upon standards used in previous 

cores, which have in turn served as'standards for over 50 million 

pellets manufactured and used in operating cores.- Density is determined 

in terms of weight per unit length and is plotted on zone charts used 

in controlling the process. Chemical analyses are taken on a sample 

basis throughout pellet production.
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3) ,Rod- Inspection,-. Rod..inspection_ consists of the followingi00%, 

non-destructive inspection..and is based on the, experience,, speci-,.  

fications, procedures and standards established on.previously.,.  

manufactured and operated cores.  

a) Leak Testing - Each rod is tested to a known leak using mass 

,spectrometrywith helium being.the detectablei.gas....This is 

.the system used previously- on the:, leak, test of. over,.30,090 

ros.... ... .......  

b).. X-ray - 41 fuel rod.weld..enclosur.es are X".rayed.i at 0.';and, 90?: 

using weld:.correction forms.. X raysare_. taken in accord.with,.: 
ASTM E-146, .usingWzST2. as the .basis; of.,acceptance,,. ,.(This , is;,, 

equivalent to a .010 defect).  

c) . Dimensional.- All.,rods ,are..dimensionally inspected prior, to 

.,.final release, and upgrading-. The requirempents. included.such 

items as.. length,camber,. and.- visual inspection...  

This ,ensures. that 100 per, cent of. the. rod.welds-have been checked by; several 

different; techniques,.  

4) ;. Rod Upgrading-_The rods upon, final, inspection are,upgraded-.and, 

available for fuel assembly loading. "IJ .  

5) ,., 5Assembly - Inspection. consists of.,,100.,per. cent.inspection, forecritical 

dimensions. and .for, assembly -envelope,.. In-.addition, .sample .(95x 5) 

inspection will. be performed. for channel:,spacing. to assure minimum 

gap, on .criticalchannels..-.: "... .. ,., , 

6) Other Inspection.- The:;,follpowing.nspection will,be performed- as part 

.of routine inspection operation:.. . .:: . '> V;>:,. ',< 

. . . . . . . ... . : .. . ,,' i.- .'." -'-< :.[ ".- )
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The reactor plant can be placed under automatic control in the power range 

between (15) per cent of load and full load for the following design transients: 

a) + 10% step change in load without turbine by-pass 

b) +5% per minute loading and unloading.  

c) -50% step change in load fro m approximately 100% load with steam dump.  

A programmed pressurizer water level as a function of load is provided 

in conjunction with the programmed coolant average temperature to minimize 

the requirements of the Chemical and Volume Control and Waste Disposal 

System resulting from coolant density changes during loading and unload

ing from full power to zero power.  

Following a reactor and turbine trip, sensible heat stored in the reactor 

coolant is removed without actuation of steam generator safety valves by 

means of controlled steam bypass to the condenser and by injection of feed

water to the steam generators. Reactor coolant system temperature is reduced 

to the no load condition. This no load coolant temperature is maintained 

by steam bypass to the condensers to remove residual heat.  

The control system is designed to operate as a stable system over the full1 

range of automatic control throughout core life without requiring operator 

adjustment of set points other than normal calibration procedures.  

7.3.2 SYSTEM DESIGN 

A block diagram of the Reactor Control System is shown in Figure 7.3-1.  

Rod Control 

There are 61 total RCC assemblies of which 53 are full length and 8 are part 

length rods. The full length rods are divided into (1) a shutdown group 

comprising two shutdown banks of 8 rod clusters each, (2) a control group 

comprising 4 control banks containing 8, 4, 8 and 9 rod clusters, and
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(3) a x-y group consisting of two banks of x-y control rods containing 

4 rod clusters each. Figure 3.2-1 shows the location of the full and 

part length rods in the core. The four banks of the control group are 

the only rods that can be manipulated under automatic control. The banks 

are divided into subgroups to obtain smaller incremental reactivity changes.  

All1 RGC assemblies in a subgroup are electrically paralleled to step 

simultaneously. Position indication for each RCC assembly type is the 

same. There are two types of drive mechanism for the RCG assemblies, 

those for t he control, shutdown and x-y groups and those for the part 

length rod group (Section 3.2.3).  

Control Group Rod Control 

The automatic rod control system maintains a group programmed reactor coolant 

average temperature with adjustments of control group rod position for 

equilibrium plant conditions. The reactor control system is capable of 

restoring programmed average temperature following a scheduled or transient 

change in load. The coolant average temperature increases linearly from 

zero power to the full power conditions.  

The control system will also compensate initially for reactivity changes 

caused by fuel depletion and/or xenon transientsi. Final compensation for 

these two effects is periodically made with adjustments of boron concentration.  

The control system then readjusts the control group rod in response to 

changes in coolant average temperature resulting from changes in boron 

concentration.  

The coolant average temperatures are measured from the hot leg and the 

cold leg in each reactor coolant loop. The average of the four measured 

average temperatures is the main control signal. This signal is sent to 

the control group rod programmer through a proportional plus rate compensation 

unit. The control group rod programmer commands the direction and speed 

of control group rod motion. A compensated pressurizer pressure signal,
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Seal Water Heat Exchanger

The seal water heat exchanger removes heat from two sources; reactor coolant 

pump seal water returning to the volume control tank and reactor coolant 

discharge from the excess letdown heat exchanger. Reactor coolant flows 

through the tubes and component cooling water is circulated through the 

shell side. The tubes are welded to the tube sheet because leakage could 

occur in either direction, resulting in undesirable contamination of the 

reactor coolant or component cooling water. All surfaces in contact with 

reactor coolant are austenitic stainless steel and the shell is carbon 

steel.  

The unit is designed to cool the excess letdown flow and the seal water 

flow to the temperature normally maintained in the volume control tank 

if all the reactor coolant pump floating ring seals are leaking at the 

maximum design leakage rate.  

Seal Water Filter 

The filter collects particulates larger than 25 microns from the reactor 

coolant pump seal water return and from the excess letdown heat exchanger 

flow. The filter is designed to pass the sum of the excess letdown flow 

and the maximum design leakage from the reactor coolant pump floating ring 

seals. The vessel is constructed of austenitic stainless steel and is pro

vided with connections for draining and venting. Disposable synthetic 

filter elements are used.  

Seal Water Injection Filters 

Two filters are provided in parallel, each sized for the injection flow.  

They collect particulates larger than 5 microns from the water supplied 

to the reactor coolant pump seal.
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Boric Acid Filter 

The boric acid filter collects particulates larger than 25 microns from 

the boric acid solution being pumped to the charging pump suction line.  

The filter is designed to pass the design flow of two boric acid pumps 

operating simultaneously. The vessel is constructed of austenitic stainless 

steel and the filter elements are disposable synthetic cartridges. Provisions 

are available for venting and draining the filter.  

Boric Acid Tanks 

The boric acid tank capacities are sized to store sufficient boric acid 

solution for refueling enough boric acid solution for a cold shutdown shortly 

after full power operation is achieved. In addition, sufficient boric acid 

solution is available for cold shutdown if the most reactive RGC is not 

inserted. One tank supplies boric acid for reactor coolant makeup while 

recycled solutions from the concentrates holding tank is accumulated in the 

other tank.  

The concentration of boric acid solution in storage is maintained between 

11.5 and 12.5% by weight. Periodic manual sampling and corrective action 

is provided, if necessary, to ensure that these limits are maintained.  

Therefore, measured quantities of boric acid solution can be delivered 

to the reactor coolant to control the chemical poison concentration. The 

combination overflow and breather vent connection has a water loop seal 

to minimize vapor discharge during storage of the solution. The tank is 

constructed of austenitic stainless steel.  

Boric Acid Tank Heaters 

Two 100% capacity electric immersion heaters located near the bottom of each 

boric acid tank are designed to maintain the temperature of the boric acid 

solution at 165'F with an ambient air temperature of 40'F thus ensuring a 

temperature in excess of the solubility limit (for 20,000 ppm boron this is 

130*F). The heaters are sheathed in austenitic stainless steel. i
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produce significant lattice forces. Even if massive and rapid boiling, 

sufficient to distort the lattice, is hypothetically postulated, the large 

void fraction in the hot spot region would produce a reduction in the total 

core moderator to fuel ratio, and a large reduction in this ratio at the hot 

spot. The net effect would therefore be a negative feedback. It is con

cluded that no conceivable mechanism exists for a net positive feedback 

resulting from lattice deformation. In fact, a small negative feedback may 

result. The effect is ignored in the following analyses.  

Gases Considered 

In general the end of life cases are worse than the beginning of life cases.  

This is because the delayed neutron fraction is smaller at the end of life, 

and also because ejected rod worths and-hot channel factors tend to be worse 

at the end of life. However, for conipleteness,. the full (2758 MWt) and zero 

power cases for beginning of life are presented. The reactivity contributions 

and fuel rod temperatures for the cases which follow are presented in Figure 

14.2.2-1 through 14.2.6-10. The power transients for the power cases and 

for the zero power cases are shown in Figures 14.2.6-11 and 14.2.6-12 

respectively.  

At the end of life, ejection of the worst control bank rods at full and 

zero power were studied as end point cases. At the end of life, both the 

worst ejected rod worth and worst hot channel factor occur when two banks 

are fully inserted with the third bank at the bottom limit of its solo 

movement (i.e., immediately before the fourth control bank begins to move 

in). The rod program is such that the maximum power at which this situation 

may occur is 4% of full power. An analysis has been carried out for this 

condition. Under some circumstances it is possible for one or more X-Y 

rods to be fully inserted at full power. Possible cases were surveyed and 

a worst case selected for more detailed examination. The ejection of a part 

length rod was also considered.
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Beginning of Life Full Power

The rod program limits the control bank holding to 0.5% AK for this condition.  

The reactor is sub-prompt critical with the worst ejected rod worth of 0.156%.  

The peak power reached is 1.27 times normal full power, and the peak hot spot 

clad and center fuel temperatures are respectively 1700*F and 4410*F. The 

results are shown in Figure 14.2.6-1 and 14.2.6-6.  

Beginning of Life Zero Power 

For this condition there will be one control bank fully inserted, and a 

second bank partially inserted. For conservatism the worst ejected rod from 

two fully inserted banks was used. The value of 0.75% AK results in the core 

becoming weakly prompt critical. At the peak hot spot heat flux, film boil

ing would not occur. (Even through only two of the four main coolant pumps 

are assumed to be running). The peak hot spot center fuel temperature is 

1880'F. The results are shown in Figures 14.2.6-2 and 14.2.6-7.  

End of Life Full Power,, Ejection of the Worst Control Bank Rod 

Results for this case are shown in Figures 14.2.6-3 and 14.2.6-8. Again the 

rod program limits the control bank reactivity holding to 0.5% AK. The 

worst ejected rod worth is then 0.2% AK. This results in a peak power of 

1.55 times the normal full power and the peak hot spot heat flux of 684,000 

Btu/ft 2hr (1.2 times design maximum). This heat flux will not result in 

film boiling. However, two hot spot cases were considered, one with DNB 

and one without DNB. For the case with DNB the peak clad and center fuel 

temperatures were respectively 1690'F and 4300'F.  

Based on a steady-state hot channel factor of 3.23 (design), and a coinci

dent transient hot channel factor of 3.8, the model indicates that an ejected 

rod of worth 0.3% AK would be required to initiate center melting. For this 

condition the peak cladding temperature would be less than 2100*F. In 

practice, the transient and steady-state hot spots cannot be coincident. It
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Wis therefore concluded that a 0.3% A ejected rod can be tolerated wi th 

come considerable margin. The ejected rod worth for full power operation 

with the C4 control bank fully inserted in 0.28% AK. This condition con

stitutes a large deviation from the operating instructions. A further in

sertion of the control rods, beyond this condition, would of course increase 

the reactivity of the accident, and would result in a limited amount of fuel 

melting on the pellet center line at the leak spot. This Would not produce 

fuel dispersal in the coolant. A considerable margin to clad melting would 

still exist.  

Part Power End of Life 

The worst part power ejected rod worth and hot channel factors occur when 

the first two control banks are fully inserted, and the third bank almost 

fully inserted. Physics~ calculations indicate that the maximum possible 

power at which this condition can occur is 4% of full power. For an ejected 

rod worth of 0.8% and assuming that only two main coolant pumps are running, 

this resul ts in a peak cladding temperature of 2150'F and a peak center fuel 

temperature of 33200*F. These results are included in Figures 14.2.6-4 and 

14.2.6-9.  

Zero Power End of Life 

The worst ejected rod worth at zero power is less than the value of 0.8% 

used in the part power case above. For conservatism, the value of 0.8% has 

been used. The peak cladding temperature is 1830'F, and the peak center 

fuel temperature is 2780'F. The result of this case are included in Figures 

14.2.6-5 and 14.2.6-10.  

Ejection of the Worst Xenon Rod at Full Power 

Based on very pessimistic assumptions, the worst ejected rod worth for a 

fully inserted radial xenon rod is 0.2% AK. This is the same value as for 

a control bank rod ejected from the bottom of the maneuvering band. However,
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the transient hot channel factor is only 3.5 (compared with 3.8 for the 

ejected control b'ank rod). It is therefore concluded that the ejection 

of a radial xenon rod cannot be worse than the ejection of a control bank 

rod. The worst ejected rod worth of a part length rod is less than 

0.1% A~K, and so again is much less severe than the ejection of a control 

bank rod.  

Since the ejection of xenon control rods is always less severe than the 

ejection of a control bank rod from full power, no detailed cases are 

presented.  

All analyses presented refer to rod bank insertion to at least the limits 

of the Technical Specifications. Transient hot channel factors are* 

listed in Table 14.2.6-2. Initial, or pre-accident, hot channel factors 

for the full power cases are taken, conservatively, to be the design 

maximum, 3.23, even though the calculated valves are lower.  

Control bank insertion in excess of the bank limits has been considered 

(cf page 14.2.6-8 and 9) even though visual and audio alarms are provided 

by the Reactor Control and Protection Systems at the bank limits. To 

summarize, ejection of a rod from a fully inserted bank-at full power 

would not cause fuel or cladding to melt. Ejection at zero power of a4 

rod with all control banks inserted would not be significantly worse than 

the case reported, and would not cause fuel or cladding to melt.  

All anal yses conservatively assume that the rod is ejected from an 

equilibrium (rodded) xenon distribution so that the local change in 

reactivity is a maximum.  

The core will be operated within its design limits even in the presence 

of X-Y xenon transient. As was stated above, all analyses assume that 

the core was at design hot channel factor limits at the start of the 

accident.
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Fission Product Release

It is assumed that fission products are released from the gaps of all rods 

entering DNB. In all cases considered only a small fraction of the core, 

(less than 2%) enters DNB. The position with regard t o fission product 

release is therefore much better than for the double ended coolant pipe 

break (the maximum hypothetical accident) for which the majority of the 

core enters DNB.  

Pressure Surge 

Because there is no fuel or clad melting, even in the worst case with the 

most pessimistic assumptions, there is'no danger of a sudden pressure rise 

due to heat transfer from dispersed molten fuel or from massive sudden metal

water reaction. Thus, the pressure conditions can be judged on the basis of 

relatively conventional heat transfer rates. The most severe excess addition 

of energy to the coolant occurs for the full power end of life case, and so 

this case results in the worst pressure transient. In order to estimate the 

magnitude of this pressure transient, average channel and hot spot heat 

transfer calculations were performed using a high gap conductance and with

out assuming DNB. The power curves used for these calculations represented 

a limiting case which almost initiated center melting at the hot spot. Using.  

the heat flux data obtained above, a THING 3 run was conducted to determine 

the volume surge (without the benefit df pressure feedback). This volume 
surge was subsequently used as the basis for a pressure calculation. The 
results indicated that starting at 2250 psi a peak pressure of about 2340 
psi occurs some 1.5 seconds after rod ejection.  

Conclusions 

Even on the most pessimistic bases, the analyses indicate no fuel or clad 
melting. The amount of fission products released as a result of clad 
rupture during DNB is considerable less than in the case of the double ended 
main coolant pipe break (the maximum hypothetical accident). Furthermore, 
the resulting pressure surge is insufficient to produce consequential damage 

to the primary circuit.  
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accelerations to demonstrate its ability to perform its functions. The 

testing program is expected to be completed prior to final ACRS review 

and will be made available to the AEC.  

For mechanical components of engineered safeguards systems, analyses will 

be performed on a worst case basis to determine that no significant resonances 

occur in the frequency range of interest. Modifications will be made if 

any such resonances are found. The components will then be analyzed using 

seismic loads as obtained from building response calculations to show that 

stresses are within allowable limits and will not result in loss of function.
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variable speed rod travel. The maximum reactivity insertion rate is 

analyzed in the detailed plant analysis assuming two of the highest worth 

groups to be accidentally withdrawn at maximum speed yielding reactivity 

i sertion rates of the order of 8 x 10- 4 Ak/sec which is well within the 

cap bility of the overpower-overtemperature protection circuits to prevent 

core amage.  

No single credible mechanical or electrical control system malfunction can 

cause a rod cluster to be withdrawn at a speed greater than 80 steps per 

minute (% 50 t ches per minute).  

3.1.3 SAFETY IMITS 

The reactor is capable meeting the performance objectives throughout core 

life under both steady s ta e and transient conditions without violating the 

integrity of the fuel elemen . Thus the release of unacceptable amounts of 

fission products to the coolan is prevented.  

The limiting conditions for operatipn established in the Technical Specifi

cation specify the functional car#cit of performance levels permitted to 

assure safe operation of the facility.  

Design parameters which are pertinent to sa ty limits are specified below 

for the nuclear, control, thermal and hydrauli, and mechanical aspects of 

the design.  

Nuclear Limits 

At full powet (license application power) the nuclear hea flux hot channel 

factor, F = 3.12 as specified in Table 3.2.1-1, Line 17, i not exceeded.  
q 

N 
The nuclear axial peaking factor Fz and the nuclear enthalpy rt e hot 

N
channel factor F are limited in their combined relationship so a not to 

exceed the F or DNBR limits.  
q 
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Potential axial xenon oscillations are controlled with part length rods 

to preclude adverse core conditions. The protection system ensures that 

the nuclear core limits are not exceeded.  

Reactivity Control Limits 

The control system and the operational procedures provide adequate control 

of the core reactivity and power distribution. The following control limits 

are met: 

a. A minimum hot shutdown margin of 1.95 AKeff is available assuming 

a 10% uncertainty in the control rod calculation.  

b. This shutdown margin is maintained with the most reactive RCCA in 

the fully withdrawn position.  

c. The shutdown margin is maintained at ambient temperature by the use 

of soluble poison.  

Thermal and Hydraulic Limits 

The reactor core is designed to meet the following limiting thetmal and 

hydraulic criteria: 

a. The minimum allowable DNBR during normal operation, including anticipated 

transients, is 1.30.  

b. No fuel melting during any anticipated operating condition.

To maintain fuel rod integrity and prevent fission product-!re , iase,';'it is'' 

necessary to prevent clad overheating under ail-oper-ating conditions. this' 

is accomplished by preventing a departure from nucleate boiling (DNB) which 

causes a largedecrease in the heat transfer coefficient between the fuel 

rods and the reactor coolant resulting in high clad temperatures.
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TABLE 4.2-1 (Continued)

Section 

Pipes 

Fittings 

Nozzles 

Shaft 

Impeller 

Casing

Pressure Containing Parts

MaterialComponent 

Piping 

Pump

A-376 Type 316 

A-351, CF8M 

A-182 F316 

Type 304 

A-351, CF8 

A-351, CF8M 

A-351, CF8M 

and 

A-182 F316

Valves
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TABLE 4.2-2 

REACTOR COOLANT WATER CHEMISTRY SPECIFICATION

Electrical Conductivity 

Solution pH 

Oxygen, ppm, max.  

Chloride, ppm, max.  

Fluoride, ppm, max.  

Hydrogen, cc (STP)/kg H2 0 

Total Suspended Solids, ppm, max.

pH Control Agent (Li 7OH)

Boric Acid as ppm B

Determined by the concentration 

of boric acid and alkali 

present. Expected range is 

< 1 to 40 pMhos/cm at 25°C.  

Determined by the concentration 

of boric acid and alkali present.  

Expected values range between 

4.2 (high boric acid concentra

tion) to 10.5 (low boric acid 

concentration) at 250 C.  

0.1 

0.15 

0.1 

25-35 

1.0

0.3 x 10
- 4 to 3.2 x 10

- 4 

molal strong base alkali 

equivalent to 0.22 to 

2.2 ppm i7 ) 

Variable from 0 to % 3000



V

All components inside the containment are capable of withstanding or 

are protected from differential pressure which may occur during the 

rapid pressure rise to 47 psig in 10 secondsi, 

All motors, instruments, transmitters, and their associated cables located 

inside the containment are designed to function under the post-accident 

temperature, pressure, and humidity conditions. In addition, this equipment 

is designed to withstand the pressure and temperature conditions associated 

with 1.5 times the design pressure 70.5 psig and 2980 F) for one hour without 

impairing operability.  

Emergency core cooling components are austenitic stainless steel, and hence 

are quite compatible with the spray solution over the full range of exposure 

in the post-accident regime. While this material is subject to crevice corrosion 

by hot, concentrated caustic, the NaOH additive cannot enter the containment 

or Emergency Core Cooling Systems without first being diluted and partially 

neutralized with boric acid to a mild solution. Corrosion tests performed 

with simulated spray showed negligible attack, both generally and locally, 

in stressed and unstressed stainless steel at containment and ECCS conditions.  

These tests are discussed in WCAP-7153.1 

The quality standards of all safety injection system components is tabulated 

in summary form in Table 6.2-3.  

1. WCAP-7153, "Investigations of Chemical Additives for Reactor Containment 
Sprays," M. J. Bell, et al, March 1968 (W Confidential).
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Accumulators 

The accumulators are pressure vessels filled with borated water and 

pressurized with nitrogen gas. During normal plant operation each 

accumulator is isolated from the Reactor Coolant System by two check 

valves in series. Should the Reactor Coolant System pressure-fall below 

the accumulator pressure, the check valves open and borated water 

is forced into the Reactor Coolant System. Mechanical operation of 

the swing-disc check valves is the only action required to open the 

injection path from the accumulators to the core via the cold leg.  

The level of borated water in each accumulator tank is adjusted remotely 

as required during normal plant operations. Refueling water is added 

using a safety injection pump. Water level is reduced by draining to the 

reactor coolant drain tank. Samples of the solution in the tanks are taken 

at the sampling station for periodic checks of boron concentration.  

The accumulators are passive engineered safety features because'the gas 

forces injection; no external source of power or signal transmission is 

needed to obtain fast-acting, high-flow capability when the need arises.  

One accumulator is attached to each of the cold legs of the Reactor Coolant 

System.  

The design capacity of the accumulators is based on the assumption that 

flow from one of the accumulators spills onto the containment floor through 

the ruptured loop. The flow from the three remaining accumulators provides 

sufficient water to fill the volume outside of the core barrel below the 

nozzles, the bottom plenum, and one-half the core.  

The accumulators are carbon steel, clad with stainless steel and designed 

to ASME Section III, Class C. Connections for remotely draining or filling 

the fluid space, during normal plant operation, are provided.
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TABLE 6.2-1 

SAFETY INJECTION SYSTEM - CODE REQUIREMENTS

Component 

.Refueling Water Storage Tank 

Residual Heat Exchanger 

Tube Side 

Shell Side

Accumulators 

Boron Injection Tank 

Valves 

Piping

Code 

AWWA D100-65

ASME 

ASME 

ASME 

ASME 

USAS 

USAS

Section III Class C 

Section VIII 

Section III Class C 

Section III Class C 

B16.5 

B31.1



TABLE 6.2-2 

ACCUMULATOR DESIGN PARAMETERS

Number 

Type 

Design pressure, psig 

Design temperature, OF 

Operating temperature, OF 

Normal Operating pressure, psig 

Minimum Operating pressure, psig 

Total volume 
ft3 

Miiimum water volume at operating conditions, 

ft 

Boron concentration (as boric acid), ppm 

Relief Valve set point psig*

4 

Stainless steel lined/ 

carbon steel 

700 

300 

100 - 150 

650 

600 

1100 

700 

2500 

700

*The relief valves have soft seats and are designed and tested to ensure 

zero leakage at the normal operating pressure.

0
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6.3 CONTAINMENT SPRAY SYSTEM

6.3.1 DESIGN BASES 

Containment Heat Removal Systems 

Criterion: Where an active heat removal system is needed under accident 
conditions to prevent exceeding containment design pressure, 
this system shall perform its required function, assuming 
failure of any single active component. (GDC 52) 

Adequate containment heat removal capability for the Containment is provided 

by two separate, full capacity, engineered-safety feature systems. The 

Containment Spray System, whose components operate in the sequential modes 

described in 6.3.2, and the Containment Air Recirculation Cooling and 

Filtration System which is discussed in Section 6.4.  

The primary purpose of the Containment Spray System is to spray cool water 

into the containment atmosphere when appropriate in the event of a loss-of

coolant accident and thereby ensure that containment pressure does not 

exceed its design value which is 47 psig at 271'F. (100% R.H.) This protection 

is afforded for all pipe break sizes up to and including the hypothetical 

instantaneous circumferential rupture of a reactor coolant loop. Pressure and 

temperature transients for loss of coolant accident are presented in Section 14.  

Although the water in the core after a loss-of-coolant accident is quickly 

subcooled by the Safety Injection System, the Containment Spray System design 

is based on the conservative assumption that the core residual heat is released 

to the containment as steam.  

Any of the following combinations of equipment will provide sufficient 

heat removal capability to maintain the-post-accident containment pressure 

below the design value, assuming that the core residual heat is released to 

the core as steam.
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1) Both containment spray pumps (and one of the two spray valves 

in the recirculation path).  

2) All five containment cooling fans (To be discussed in Section 6.4).  

3) One containment spray pump and three of the five containment cooling 

fans.  

Inspection of Containment Pressure Reducing System 

Criterion: Design provisions shall be made to the extent practical to 
facilitate the periodic physical inspection of all important 
components of the containment pressure reducing systems, such 
as pumps, valves, spray nozzles and sumps. (GDC 58) 

Where practicable, all active components and passive components of the 

Containemnt Spray System are inspected periodically to demonstrate system 

readiness. The pressure containing components are inspected for leaks from 

pump seals, valve packing, flanged joints'and safety valves. During operational 

testing of the containment spray pumps, the portions of the system subjected0 

to pump pressure are inspected for leaks. Design provisions for inspection 

of the Safety Injection System, which also function as part of the Containment 

Spray System, are'described in Section 6.2.5.  

Testing of the Containment Pressure Reducing Systems Components 

Criterion: The containment pressure reducing systems shall be designed, to 
the extent practical so that active components, such as pumps 
and valves, can be tested periodically for operability and 
required functional performance (GDC 59).  

All active components in the Containment Spray System are adequately tested 

both in pre-operational performance tests in the manufacturer's shop and 

in-place testing after installation. Thereafter, periodic tests are also per

formed after any component maintenance. Testing of the components of the 

Safety Injection System which are used for containment spray purposes are 

described in.Section 6.2.5.
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The component cooling water pumps and the conventional service water pumps 

which supply the cooling water to the residual heat exchangers are in operation 

on a relatively continuous schedule during plant operation. Those pumps not 

running during normal operation may be tested by changing the operating pump(s).  

Testing of Containment Spray Systems 

Criterion: A capability shall be provided to the extent practical to test 
periodically the operability of the containment spray system at 
a position as close to the spray nozzles as is practical. (GDC 60) 

Permanent test lines for the containment spray loops are located so that all 

components up to the isolation valves at the spray nozzles may be tested. These 

isolation valves are checked separately.  

The air test lines, for checking that spray nozzles are not obstructed, 

connect downstream of the isolation valves. Air flow through the nozzles 

is initially monitored by the use of a smoke generator.  

Testing of Operational Sequence of Containment Pressure Reducing Systems 

Criterion: A capability shall be provided to test initially under conditions 
as close as practical to the design and the full operational 
sequence that would bring the containment pressure-reducing 
systems into action, including the transfer to alternate power 
sources. (GDC 61) 

Capability is provided to test initially to the extent practical the 

operational start-up sequence of the Containment Spray System including the 

transfer to alternate power sources.  

Performance Objectives 

The Containment Spray System is designed to spray at least 5200 gpm of 

borated water into the containment whenever the coincidence of two sets of 

two out of three (Hi Hi) containment pressure (approximately 50% of design 

value) signals occurs or a manual signal is given. Either of two subsystems 

containing a pump and associated valving and spray header are independently 

capable of delivering one-half of this flow, or 2600' gpm.
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The design basis is to provide sufficient heat removal capability to maintain 

the post-accident containment pressure below 47 psig, assuming that the core 

residual heat is released to the containment as steam.  

A second purpose served by the Containment Spray System is to remove elemental 

iodine from the containment atmosphere should it be released in the event of 
a loss-of-coolant accident. The analysis showing the systems ability to 

limit offsite thyroid dose to within 10 CFR 100 limits after a hypothetical 

loss of coolant accident is presented in Section 14. If all engineered safety 
features operate at design capacity, offiste doses will be limited to within 

the limits of 10 CFR 20.  

The spray system is designed to operate over an extended time period, following 

a Reactor Coolant System failure, as required to restore and maintain contain
ment conditions at or near atmospheric pressure. It has the capability 

of reducing the containment post-accident pressure and consequent containment 

leakage.  
Portions of other systems which share functions and become part of the Con

tainment Spray System when required, are designed to meet the criteria of 

this section. Neither a single active component failure in such systems 

during the injection phase nor an active/passive failure during the recircu

lation phase will degrade the design heat removal capability of contain

ment cooling.  

System piping located within the containment is redundant and separable in 

arrangement unless fully protected from damage which may follow any Reactor 

Coolant System loop failure.  

System isolation valves relied upon to operate for containment cooling are 

redundant,, with automatic actuation.  

Service Life 

All portions of the system located within containment are designed to with

stand, without loss of functional performance, the post-accident c ontainment 

environment and operate without benefit of maintenance for the duration 

of time to restore and maintain containment conditons at near atmospheric 

pressure.
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Codes and Classifications

Table 6.3-1 tabulates the codes and standards, to.which the containment spray 

system components are designed.  

6.3.2 SYSTEM DESIGN AND OPERATION 

System Description 

Adequate containment cooling and iodine removal are provided by the Containment 

Spray System shown in Figure 6.3-1 whose components operate in sequential modes.  

These modes are: 

a) Spray a portion of the contents of the refueling water storage tank into 

the entire containment atmosphere using the containment spray pumps.  

During this mode, the contents of the spray additive tank (sodium 

hydroxide) are mixed into the spray stream to provide adequate iodine 

removal from the containment atmosphere by a washing action.  

b) Recirculation of water from the containment sump by the diversion of a 

portion of the recirculation flow from the Safety Injection System to 

the spray headers inside the containment after injection from the refueling 

water storage tank has been terminated.  

The bases for the selection of the various conditions requiring system actuation 

is presented in Section 14..  

The principal components of the Containment Spray System which provides containment 

cooling and iodine removal following a loss of coolant accident consists of 

two pumps, one spray additive tank, spray ring headers and nozzles, and the 

necessary piping and valves. The containment spray pumps and the spray additive 

tank are located in the primary auxiliary building and the spray pumps take 

suction directly from the refueling water storage tank,.  

The Containment Spray System also utilizes the two 10.0% capacity recirculation 

pumps, two residual heat exchangers and associated valves and piping of the 

Safety Injection System for the long term recirculation phase of containment 

cooling and iodine removal.
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The spray water is injected into the containment through spray nozzles 

connected to four 3600 ring headers located in the containment dome area.  

Each of the spray pumps supplies'two of the ring headers.  

Inlection Phase 

The spray system will be actuated by the coincidence of two sets of two out of 

three (Hi Hi) containment pressure signals. This starting signal will start the 

pumps and open the discharge valves to the spray header. The valves associated 

with the spray additive tank will be opened bV-the same signal. If required, 

the operator can manually actuate the entire system from the control room, and 

periodically, the operator will actuate system components to demonstrate 

operability.  

During the period of time that the spray pumps draw from the refueling water 

storage tank approximately 10% of the spray flow is diverted from the 

spray pump discharge line through the spray additive tank. The liquid from 

the tank then mixes with the liquid entering the suction of the pumps. The 

result is a solution suitable for the removal of iodine from the containment 

atmosphere.  

Recirculation Phase 

After the injection operation it is expected that spray flow could be 

discontinued while maintaining containment pressure reduction and iodine 

removal with the containment fan cooler units, and returning all of the 

recirculated-.water to the core. In this mode the bulk of the core residual 

heat is transferred directly to the sump by the spilled coolant to be 

eventually dissipated through the residual heat exchanger once the sump 

water becomes heated. T he heat removal capacity of three of the five fan 

coolers is sufficient to remove the corresponding energy addition to the 

vapor space resulting from stea m boil off from the core assuming flow into 

the core from one recirculation pump at the beginning of recirculation 

without exceeding containment design pressure; hence it is not expected 

that conti nued spray operation would be required.
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if, for any reason, the containment pressure should be observed to increase 

recirculation spray flow may be initiated. The operator can remotely open the 

stop valves on either of the tw o spray recirculation lines. Throttle valves 

in the injection lines to the core split the recirculation flow so that at 

least 600 gpm is delivered to the core and. the remainder to the spray headers 

with one recirculation pump operating. With this split flow, decay heat can 

be removed by boiloff and containment pressure maintained below design even 

with no fan coolers operating.  

Cooling Water 

The cooling water for the residual heat exchangers has been described in 

Section 6.2.  

Change-Over 

The sequence for the change-over from injection to recirculation has been 

described in Section 6.2.  

Remote operated valves of the Containment Spray System which are under manual 

control (that is, valves which normally are ini their ready position and do not 

receive a containment spray signal) have their positions indicated on a common 

portion of the control board. At any time during operation when one of these 

valves is not in the ready position for injection, it is shown visually on the 

board. In addition, an audible annunciation alerts the operator to the condition.  

Charcoal Filter Dousing 

A dousing system is provided for the charcoal filter bank of each fan cooler 

unit of the Containment Air Recirculation Cooling and Filtration System.  

Each dousing system can be supplied with water from the containment spray headers 

as shown in Figure 6.3-1. The dousing system is designed to be started manually 

by the operator following high temperature indication in a charcoal filter bank 

if high temperature conditions were to occur as a result of a failure of a fan.  

Further details of the dousing system are given in Section 6.4.
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Components 0 

All associated components, piping, structures, and power supplies of the 

Containment Spray System are designed to Class I seismic criteria.  

All components inside containment are capable of withstanding or are 

protected from differential pressures which may occur during the rapid 

*pressure rise to 47 psig in ten (10) seconds. The lines of the system 

are protected from missile damage by the concrete crane wall and operating 

floor.  

Parts of the system in contact with borated water, the sodium hydroxide 

spray additive, or mixtures of the two are stainless steel or an equivalent 

corrosion reistant material.  

The Containment Spray System shares the refueling water storage tank capacity 

with the Safety Injection System. For a detailed description of this tank 

see Section 6.2. 0 

Pumps 

The two containment spray pumps are of the horizontal centrifugal type driven 

by electric motors.  

The design head of the pump is sufficient to continue at rated capacity, 

with a minimum level in the refueling water storage tank, against a head 

equivalent to the sum of the design pressure of the containment, the head 

to the uppermost nozzles, and the line and nozzle pressure losses. Pump 

motors are direct-coupled and large enough for maximum power requirement of 

the pump. The materials of construction are suitable for use in sodium 

hydroxide and mild boric acid solutions, such as stainless steel or equivalent 

corrosion resistant material. Design parameters are presented in Table 6.3-1 

and the containment spray pump characteristics are shown on Figure 6.3-2.
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The containment spray pumps are designed in accordance to the specifications 

discussed for the -Pumps in the Safety Injection System, 
Section 6.2.  

The recirculation pumps of the Safety Injection System, which provide flow 

to the Containment Spray System during the r ecirculation phase, 
are described 

in Section 6.2.  

Details of the component cooling pumps and service water pumps, 
which serve 

the Safety Injection System, are presented in Section 9.  

Heat Exchangers 

The two residual heat exchangers of the Safety Injection 
System which are used 

during the recirculation phase are described in Section 
6.2.  

Spray Nozzles 

The spray nozzles, which are of the ramp bottom design, 
are not subject to 

clogging by particles 1/4 inch in maximum dimension, and are capable of 

producing a surface area averaged drop diameter of approximately 
1000 microns 

at 40 psi differential pressure. With the spray pump operating at design 

conditions and the containment at design pressure the pressure drop across 

the nozzles will exceed 40 psi.  

During spray recirculation operation, the water is screened 
through a 1/4 inch 

mesh before leaving the containment sump. The spray nozzles are stainless 

steel and have a 3/8 inch diameter orifice. The nozzles are connected to 

four 3600 ring headers (alternating headers connected) of radii 8'2" 

(El. 228.5'), 25'4" (El. 223.5), 42'3" (El. 218.5) and 59'6" (El. 213.5).  

These are 422 nozzles distributed on the four headers. 
This nozzle and header 

arrangement results in maximum area coverage with either branch of the system 

operating alone, while assuring minimum overlap of spray trajectories 
in the 

minimum flow case (Section 14).
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Spray Additive Tank

The capacity of the stainless steel tank is sufficient to contain enough 

sodium hydroxide solution which, upon mixing with. the refueling water from 

the refueling water storage tank, the boric acid from the boron injection tank, 

the borated water contained within the accumulators and reactor coolant, 

will bring the concentration in the final mixture in the containment 

sump to approximately 0.6 weight per cent solution caustic and 1.7 

weight per cent boric acid. This maintains a pH of at least 9.3 and assures 

the continued iodine removal effectiveness of the containment spray during the 

recirculation phase of operation after the supply of borated water in the 

refueling water storage tank has been exhausted. The design pressure of the 

tank is the sum of the refueling water storage tank head and the total developed 

head of the containment spray pumps at shutoff. A deflector plate is provided 

so that incoming refueling water thoroughly sweeps the contained solution 

towards the outlet of the tank. The contents of the tank are flushed into the 

spray water in approximately 15 minutes, hence all of the sodium hydroxide will 

be added prior to depletion of the refueling water.  

A level indicating alarm is provided in the control room if, at any time, the 

solution tank contains less than the required amount of sodium hydroxide 

solution. Periodic sampling confirms that proper sodium hydroxide concentration 

exists in the tank. Also, a flow indicating alarm is provided in the control 

room to alert the operator if there is no flow through the tank when the pumps 

have started.  

The design parameters are presented in Table 6.3-2.  

Valves 

The valves for the Containment Spray System are designed in accordance to 

the specifications discussed for the valves in the Safety Injection System 

(Section 6.2).
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Piping 

The piping for the Containment Spray System is designed in accordance to the 

specifications discussed for the piping in the Safety Injection System (Section 

6.2).  

The system is designed for 150 psig at 300*F on the suction side and 300 psig 

at 300*F on the discharge side.  

Motors for Pumps and Valves 

The motors inside and outside containment for the Containment Spray System 

are designed in accordance to the specifications discussed for motors in the 

Safety Injection System. (Section 6.2) 

Electrical Supply 

Details of the normal and emergency power sources are presented in the 

discussion of the Electrical System, Section 8.  

Environmental Protection 

The spray headers are located outside and above the reactor and steam generator 

concrete shield. A shield which is removable for refueling also provides missile 

protection for the area immediately above the reactor vessel. The spray 

headers are therefore protected from missile9 originating within the Reactor 

Coolant System.  

Material Compatibility 

Parts of the system in contact with borated water, the sodium hydroxide spray 

additive, or mixtures of the two are stainless steel or an equivalent corrosion 

resistant material.
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All exposed surfaces within the containment have coatings which are not subject 

to interaction under exposure to the containment spray solution with the exception 

of small amounts of aluminum associated with the nuclear flux instrumentation.  

6.3.3 DESIGN EVALUATION 

Range of Containment Protection 

For the first 15 to 22 minutes following the maximum loss-of-coolant 
accidents 

(i.e., during the time that the containment spray pumps take their suction 

from the refueling water storage tank) this system provides the design heat re

moval capacity for the containment. After the, injecti'on phase., each train of the 

recirculation system provides sufficient cooled recirculated water 
to keep 

the core flooded as well as providing, if required, sufficient containment 
spray 

flow to maintain the containment pressure below the design valve. This 

applies for all reactor coolant pipe sizes up to and including the hypothetical 

instantaneous circumferential rupture of a reactor coolant pipe. 
Only one 

pumping train and one heat exchanger are required to operate 
for this capability 

at the earliest time recirculation is initiated. With a recirculation train 

in operation, with a spray header valve open, no containment cooling 
fans would 

be required.  

Any of the following combinations of equipment will provide sufficient 

heat removal capability t-o maintain the post-accident containment pressure 

below the design value, assuming that the core residual heat is -released to 

the containment as steam.  

1) Both containment spray pumps (and one of the two spray valves 

in the recirculation path).  

2) All five containment cooling fans (To be discussed in Section 6.4).  

3) One containment spray pump and three of the five containment cooling 

fans.
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During the injection and recirculation phases the spray water is raised to the 

temperature of the containment in falling through the steam-air mixture.  

The minimum fall path of the droplets is approximately 118 ft. from the 

lowest spray ring headers to the operating deck. The actual fall path is 

longer due to the trajectory of the droplets sprayed out from the ring 

header. Heat transfer calculations, based upon 1000 micron droplets, 

show that thermal equilibrium is reached in a distance of approximately 

five feet. Thus the spray water reaches essentially the saturation temperature.  

At containment design pressure, 47 psig, 2530 gpm of sodium hydroxide 

solution is injected into the containment atmsophere by one spray pump.  

At containment design temperature, 271'F, the total heat absorption capability 

of one spray pump is 218 x 10 6Btu/hr based on addition of 100°F refueling 

water. During the recirculation phase, spraying 2400 gpm of water from the 

sump into the containment atmosphere with one recirculation pump, after 

cooling to 134.7°F with a residual heat exchanger, results in a heat 

removal rate of 1.63 x 108 Btu/hr at design temperature. This heat removal 

balances decay heat after 5000 seconds. Performance of the Containment 

Spray System in containment pressure reduction is discussed in Section 14.  

In addition to heat removal, the spray system is effective in scrubbing 

fission products from the containment atmosphere. However, quantitative 

credit is taken only for absorption of reactive and/or soluble forms of 

inorganic iodine in the analysis of the hypothetical accident (Section 14.3).  

Experimental'work done to date is not considered extensive enough to 

assess accurately the effect of the spray on particulates and non-reactive 

iodine under the conditions which would exist in the containment after 

such an accident. A discussion of the effectiveness of containment 

spray as fission product trapping process is contained in Appendix 6A.  

Any of the combinations of equipment (spray pumps and fans) required for 

containment heat removal will provide sufficient iodine trapping capability to 

ensure post-accident fission product leakage (based on TID - 14844 release 

fractions) which would not result in exceeding the dose limits of 10 CFR 100.  

This is evaluated in Section 14.3.
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System Response 

The starting sequence of the containment spray pumps and their related 

emergency power equipment is designed so that delivery of the minimum required 

flow is reached in 43 seconds.  

The starting sequence is: Seconds 

a) Initiation of signal, including instrument lag 1 

b) Starting of diesel-generator 19 

c) Starting of two containment spray pumps 23 
43 

Motor control centers are energized and valves are opened at the same time 

as the pumps are started. As described in Section 14.3 a delay of 60 seconds 

is assumed for the starting of the containment cooling.  

Single Failure Analysis 

A failure analysis has been made on all active components of the system to 

show that the failure of any single active component will not prevent fulfilling 

the design function. This analysis is summarized in Table 6.3-3.  

In addition, 'each spray header is supplied from the discharge from one 

of the two residual heat removal heat exchangers. As described in Section 6.2.3, 

these two heat exchangers are redundant and can be supplied with recirculated 

water via separate and redundant flow paths. The analysis of the loss-of-coolant 

accident presented in Section 14 reflects the single failure analysis.  

Reliance on Interconnected Systems 

For the injection phase the Containment Spray System operates independently 

of other engineered safety features following a loss-of-coolant accident 

except that it shares the source of water in the refueling water storage tank 

with the Safety Injection System. The system acts as a backup to the 

Containment Air Recirculation Cooling and Filtration System for both the cooling 

and iodine removal functions. For extended operation in the recirculation 

mode, water issupplied through recirculation pumps.
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During the recirculation phase some of the flow leaving the residual heat 

exchangers may be diverted to the containment spray headers or the high 

head safety injection pumps. Minimum flow requirements are set for the 

flow being sent to the core and for the flow being sent to the containment 

spray headers such that at least 600 gpm is sent to the core.. Sufficient 

flow instrumentation is provided so that the operator can perform appropriate 

flow adjustments with the remote throttle valves in the flow path as shown 

in Figure 6. 3-1.  

Normal and emergency power supply requirements are discussed in Section 8.  

Shared Function Evaluation 

Table 6.3-4 is an evaluation of the main components which have been discussed 

previously and a brief description of how each component functions during 

normal operation and during the accident.  

Containment Spray Pump NPSH Requirements

The NPSH for the containment spray pumps is evaluated for injection 

The end of the injection phase gives the limiting NFSH requirement.  

available is determined from the evaluation head and vapor pressure 

water in the RWST and the pressure drop in the piping to the pump.  

of the injection phase an 80% margin is available.

6.3.4

operation.  

The NPSII 

of the 

At the end

MINIMUM4 OPERATING CONDITIONS

The Technical Specifications, Section 15, establish limiting conditions 

regarding the operability of the system when the reactor is critical.

6.3.5 INSPECTIONS AND TESTS

Inspe ctions 

All components of the Containment Spray System are inspected periodically to 

demonstrate system readiness.
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The pressure containing systems are inspected for leaks from pumps seals, 

valves packing, flanged joints and safety valves during system testing.  

During the operational testing of the containment spray pumps, the portions 

of the system subjected to pump pressure are inspected for leaks.  

Pre-Operational Testing 

Component Testing 

All active components in the Containment Spray System are tested both in 

pre-operational performance tests-in the manufacturer's shop and in-place 

testing after installation.  

Initially the containment spray nozzle availability is tested by blowing 

smoke- through the nozzles and observing the flow through the various nozzles.  

The air test lines for checking the spray nozzles, connect downstream of the 

isolation valves.  

During the initial pre-operation tests of the spray system, the flow bypass 

through the spray additive tank is checked. Subsequent system tests are 

made with the spray additive tank bypass valves closed.  

System Testing 

The functional test of the Safety Injection System described in Section 6.2-5 

demonstrates proper transfer to the emergency diesel generator power source 

in the event of a loss of power. A test si gnal simulating the containment 

spray signal is used to demonstrate operation of the spray system up to the 

isolation valves on the pump discharge using the test pumps. The isolation 

valves are blocked closed for the test. These isolation valves are checked 

separately.  

Post Operational Testing 

Component Testing 

Routine periodic testing of the containment spray system components and all 

necessary support systems at power is planned. If such testing indicates a
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need for corrective maintenance, the redundancy of equipment in these systems 

permits such maintenance to be performed without shutting down or reducing 

load under conditions defined in the Technical Specifications. These condi

tions would include such matters as the period within which the component 

should be restored to service and the capability of the remaining equipment 

to meet safety limits within such a period.  

The containment spray pumps are tested singly by opening the valves in the 

minif low line. Each pump in turn is started by operator action and checked 

for flow establishment. The spray injection valves are tested with the 

pumps shutdown.  

The spray additive tank valves can be opened periodically for testing. The 

contents of the tank are periodically sampled to determine that the required 

solution is present.  

The valves in the dousing lines to the charcoal filter units may be exercised 

during a shutdown after the spray header drains are opened to ensure that 

the header is empty.  

During these tests the equipment is visually inspected for leaks. Leaking 

seals, packing, or flanges are tightened to eliminate the leak. Valves and 

pumps are operated and inspected after any maintenance to ensure proper operation.  

System Testing 

The post-operational testing of the safety injection system described in 

6.2-5 demonstrates proper transfer to the emergency diesel generator power 

source in the event of a loss of power.
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TABLE 6.3-1 

CONTAINMENT SPRAY SYSTEM-CODE REQUIREMENTS

Component 

Spray Additive Tank 

Valves 

Piping (including headers and 

spray nozzles)

Code 

ASME Section III Class C 

USAS B16-5 

USAS B31.1

0



TABLE 6.3-2

CONTAINMENT SPRAY PUMP DESIGN PARAMETERS

Quantity 

Design pressure, discharge, psig 

Design pressure, suction, psig 

Design temperature, *F 

Design flow rate, gpm 

Design head, ft.  

Maximum flow rate, gpm 

Shutoff head, ft.  

Motor HP 

Type

2 

300 

150 

300 

2600 

450 

3120 

490 

400 

Horizontal-Centrifugal



TABLE 6.3-3 0 
SPARY ADDITIVE TANK DESIGN PARAMETERS 

Number 1 

Total Volume (empty), gal. 5100 

Minimum volume at operating conditions 
(solution), gal. 5000 

NaOH concentration, w/o 30 

Design temperature, OF 300 

Design pressure, psig 300 

Operating temperature, OF 110 

Operating pressure, psig 225 

Material Austenitic Stainless Steel



TABLE 6.3-4

SINGLE FAILURE ANALYSIS - CONTAINMENT SPRAY SYSTEM

Component

A. Spray Nozzles

Malfunction

Clogged

Comments and Consequences 

Large number of nozzles 
(422) renders clogging of 
a significant number of 
nozzles as incredible.

B. Pumps

1) Containment 
Spray Pump 

2) Recirculation 
Pump

Fails to start 

Fails to start

Two provided. Evaluation 
based on operation of one 
pump in addition to three 
out of five containment 
cooling fans operating 
during injection phase.  

Two provided. Evaluation 
based on operation of one 
pump and no containment 
cooling fans operating during 
recirculation phase.

3) Conventional 
Service Water 

4) Component 
Cooling 

5) Auxiliary 
component cooling 
PUMP.

Fails to start

Fails to start 

Fails to start

Three provided.  
one pump during 
required.

Operation of 
recirculation

Three provided. Operation 
of one pump during recirculation 
required.  

Two provided. One required 
to operate

C. Automatically operated Valves: 
(Open on coincidence of two - 2/3 high 
containment pressure signals)

1) Containment 
spray pump 
dis charge 
isolation valve

Fails to open Two provided.  
one required.

Operation of



TABLE 6.3-4 (Continued)

Component

2) Spray Additive 
Tank inlet 
isolation valve 

3) Spray Additive 
Tank outlet 
isolation valve 

4) Isolation 
valve on 
component 
cooling water 
lines from 
residual heat 
exchangers

Malfunction, 

Fails to open 

Fails to open 

Fails to open

Comments and Consequences 

Toprovided. Operation 

of one required 

Two provided. Operation of 
one required.  

Two parallel lines, one valve 
in either line is required to 
open

D. Valves Operated From 
Control Room for Recirculation

1) Containment 
sump 
recirculation 
isolation 

2) Containment 
spray header 
isolation 
valve from 
residual heat 
exchangers 

3) Residual 
heat removal 
pump recirculat
ion line 

4) Residual heat 
removal pump 
discharge line

Fails to open 

Fails to open 

Fails to close 

Fails to close

Two lines in parallel, one 
valve in either line is 
required to open 

Two valves provided. Operation 
of one required.  

Two valves in series, one 
required to close.  

Two valves in series, one 
required to close (one, 
valve is.a check valve)



TABLE 6.3-4 (Continued)

Component

E. Automatically Operated 
(Close on injection to 
changeover) 

1) Isolation 
Valves at 
at spray 
pump, discharge 

2) Isolation 
Valves at 
Spray Additive 
Tank Inlet 

F. Valves Operated 
from control 
room for charcoal 
filter dousing

1) Isolation 
Valves at 
filter unit

Malfunction 

Valves 
recirculation 

Fails to close 

Fails to close

Fails to open

Comments and Consequences

Check valve in series with 
two parallel valves provided.  
Operation of one of the two 
valve arrangements in series 
required.  

Check valve in series with 
two parallel valves provided 
operation of one of two valve 
arrangments in series required.

Two valves provided for each 
of the five units. Operation 
of one valve per unit required.



TABLE 6.3-5

SHARED FUNCTIONS EVALUATION

Component

Spray Additive 
Tank 

Containment Spray 
Pumps (2)

Normal Operating 
Function

None

None

Normal Operating 
Arrangement 

Lined up for spray 
water diversion 

Lined up to spray 
headers

Accident 
Function 

Source of sodium 
hydroxide for spray 
water 

Supply spray water 
to containment 
atmosphere

Accident 
Arrangement 

Lined up for 
spray water 
diversion 

Lined up to spray 
headers

NOTE: Refer to Section 6.2 for a brief description of the refueling water storage tank, recirculation 

pumps, conventional service water pumps, component cooling pump, residual heat exchangers, component 

cooling heat exchangers and the auxiliary component cooling pumps which are also associated either 

directly or indirectly with the Containment Spray System.
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CONTAINMENT AIR RECIRCULATION COOLING AND FILTRATION SYSTEM

6.4.1 DESIGN BASES 

Containment Heat Removal Systems 

Criterion: Where an active heat removal system is needed under accident 
conditions to prevent exceeding containment design pressure, 
this system shall perform its required function, assuming failure 
of any single active component. (GDC 52) 

Adequate heat removal capability for the Containment is provided by two 

separate, full capacity, engineered safety features systems. These are 

the Containment Spray System, whose components are described in Section 

6.3 and the Containment Air Recirculation Coolingand Filtration Sybtem, 

whose components operate as described in Section 6.4.2. These systems are 

of different engineering principles and serve as independent backups for 

each other.  

The Containment Air Recirculation Cooling and Filtration System is designed 

to recirculate and cool the containment atmosphere in the event of a loss

of-coolant accident and thereby ensure that the containment pressure will not 

exceed its design value of 47 psig at 2710 F (100% relative humidity). Although 

the water in the core after a loss-of-coolant accident is quickly subcooled 

by the Safety Injection System, the Containment Air Recirculation Cooling 

and Filtration System is designed on the conservative assumption that the 

core residual heat is released to the containment as steam.  

Any of the following combinations of equipment will provide sufficient heat 

removal capability to maintain the post-accident containment pressure below 

the design value, assuming that the core residual heat is released to the 

containment as steam.  

1) All five containment cooling fans 

2) Both containment spray pumps (and one of the two spray valves in the 

recirculation path).
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093) Three of the five containment cooling fans and one containment spray 

PUMP.  

Inspection of Containment Pressure-Reducing Systems

Criterion: Design provisions shall be made to extent practical to 
facilitate the periodic physical inspec 'tion of all important 
components of the containment pressure-reducing systems, such 
as pumps, valves, spray nozzles, torus, and sumps. (GDC 58)

Design provisions are made to the extent practical to facilitate access for 

periodic visual inspection of all important components of the Containment 

Air Recirculation Cooling and Filtration System.  

Testing of Containment Pressure-Reducing Systems Components

Criterion: The containment pressure-reducing systems shall be designed to 
the extent practical so that components, such as pumps and valves, 
can be tested periodically for operability and required functional 
performance. (GDC 59)

The Containment Air Recirculation Cooling and Filtration System is designed 

to the extent practical so that the components can be tested periodically, 

and after any component maintenance, for operability and functional performance.  

The air recirculation and cooling units, and the service water pumps, which 

supply the cooling units, are in operation on an essentially continuous 

schedule during plant operation, and no additional periodic tests are required.  

Testing of Operational Sequence of Containment Pressure-Reducing Systems 

Criterion: A capability shall be provided to test initially under conditions 
as close as practical to the design and the full operational 
sequence that would bring the containment pressure-reducing 
systems into action, including the transfer to alternate power 
sources. (GDC 61) 

Means are provided to test initially to the extent -practical the full 

operational sequence of the Air Recirculation System including transfer 

to alternate power sources.
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Inspection of Air Cleanup Systems

Criterion: Design provisions shall be made to the extent practical to facilitate 
physical inspection of all critical parts'of containment air 
cleanup systems, such as, ducts, filters, fans, and damper.  
(GDC 62) 

Access is available for periodic visual inspection of the Containment Air 

Recirculation Cooling and Filtration System components.  

Testing of Air Cleanup Systems Components 

Criterion: Design provisions shall be made to the extent practical so 
that active components of the air cleanup systems, such as 
fans and dampers, can be tested periodically for operability 
and required functional performance. (GDC 63) 

The charcoal filters of the Filtration System are bypassed during normal 

operation by closed butterfly valves. The valves in a non-operating unit 

can be periodically tested by actuating the controls and Verifying deflection 

by instruments in the Control Room. Since the fans are normally in operation, 

no additional periodic fan tests are necessary.  

Testing Air Cleanup Systems 

Criterion: A capability shall be provided to the extent practical for 
in situ periodic testing and surveillance of the air cleanup 
systems to ensure (a) filter bypass paths have not developed 
and (b) filter and trapping materials have not deteriorated 
beyond acceptable limits. (GDC 64) 

Representative sample elements in each of the activated charcoal f ilter plenums 

will be removed periodically during shutdowns and tested on the site to 

verify their continued efficiency. After reinstallation the filter units 

will be tested in place by aerosol injection to determine integrity of 

the flow path.
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Testing of Operational Sequence of Air Cleanup Systems

Criterion: A capability shall be provided to test initially under conditions 
as close to design as practical, the full operational sequence 
that would bring the air cleanup systems into action,' including 
the transfer to alternate power sources and the design air 
flow delivery capability. (GDC 65) 

Means are provided to test initially under conditions as close to design 

as is practical the full operational sequence that would bring the Containment 

Air Recirculation Cooling and Filtration System into action, including transfer.  

to the emergency diesel-generator power source.  

Performance Objectives 

The Containment Ventilation System, Section 5, which all of the com. ponents 

of the Containment Air Recirculation Cooling and Filtration System (with 

the exception of the charcoal filters) are a part of, is designed to remove 

the normal heat loss from equipment and piping in the reactor containment 

during plant operation and to remove sufficient heat from the reactor containment, 

following the initial loss-of-coolant accident containment pressure transient, 

to keep the containment pressure from exceeding the design pressure. The 

fans and cooling units continue to remove heat after the loss-of-coolant 

accident and reduce the containment pressure close to atmospheric within 

the first 24 hours.  

A second function of the Containment Air Recirculation Cooling and Filtration 

System is to remove fission products from the containment atmosphere should 

they be released in the event of an accident.  

The filtration capacity of the system is sufficient to reduce the concentration 

of fission products in the containment atmosphere following a loss of reactor 

coolant to levels ensuring that the two hour and 30 day thyroid doses will be 

limited to within the guidelines of 10 CFR 100 limits. Details of the site 

boundary dose calculation are given in Section 14.
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The air recirculation filtering capacity used to satisfy the design basis 

is determined for the following conditions: 

a) Containment leak rate of 0.1% per day.  

b) Conservative meteorology corrected for building wake effects.  

c) 5% efficiency for filtration of organic iodine. This assumes credit 

for the demonstrated ability to filter organic forms of iodine at 

high relative humidity with impregnated charcoal. (1) (2) 

d) Fission product release to the containment per TID 14844 at a power 

level of 3216 MWt. This assumes no credit for safety injection 

in limiting fission product release.  

e) Partial effectiveness of the filtration equipment. This assumes 

two of the five installed charcoal filter units are unavailable 

at the time of the loss of coolant.  

In addition to the design bases specified above, the following objectives 

are met to provide the engineered safety features functions: 

a) Each of the five fan-cooler units is capable of transferring heat 
6 at the rate of 21,200 Btu/sec. (76.32 x 10 Btu/hr) from-the containment 

atmosphere at the post-accident design conditions, i.e., a saturated 

air-steam mixture at 47 psig 271*F. This heat transfer rate is 

that assigned to the fan-cooler units in the analysis of containment 

and related heat removal system capability in Section 14.  
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The establishment of basic heat transfer design parameters for the 

cooling coils of the fan-cooler units, and the calculation by 

computer of the overall heat transfer capacity are discussed in 

Section 14. Among the topics covered are selection of the tube 

side fouling factor, effect of air side pressure drop, effect of 

moisture entrainment in the air steam mixture entering the fan-coolers, 

and calculation of the various air side to water side heat transfer 

resistances.  

b) In removing heat at the design basis rate, the coils are capable of 

discharging the resulting condensate without impairing the flow 

capacity of the unit and without raising the exit temperature of the 

service water to the boiling point. Since condensation of water from 

the air-steam mixture is the principal mechanism for removal of heat 

from the post-accident containment atmosphere by the cooling coils, 

the coil fins will operate as wetted surfaces under these conditions.  

Entrained water droplets added to the air-steam mixture, such as 

by operation of the containment spray system, will therefore have 

essentially no effect on the heat removal capability of the coils.  

c) Each of the five air handling units is equipped with moisture separators 

and high efficiency particulate air (HEPA) filters rated for full unit 

flow. The latter are capable of 99.97% removal efficiency for 0.3 1 

particles at the' post-accident conditions.  

0 
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d) Each of the five air handling units is capable of supplying air.  

to separate carbon-bed filter units following an accident for fission 

product iodine removal. The-design flow rate through each carbon 

filter unit is 8,000 cfm, at a face velocity of approximately 50 

fpm. The remainder of the flow by-passes the carbon filters via 

baffle plates having the same pressure drop as the carbon filters.  

The carbon filter units are designed to remove at least 5% 

of the incident radioacti ve iodine in the form of methyl iodide 

(CH I). These are the iodine removal efficiencies assumed in the 

analysis of containment capability to retain fission product iodine 

under the post-accident design conditions in Section 14.  

In addition to the above design bases, the equipment is designed to operate 

at the post-accident conditions of 47 psig and 271'F for three hours, 

followed by operation in an air-steam atmosphere at 20 psig, 219OF for 

an additional 21 hours. The equipment design will permit subsequent 

operation in an air-steam atmosphere at 5 psig, 152*F for an indefinite 

period..  

All components are capable of withstanding or are protected from differential 

pressures which may occur during the rapid pressure rise to 47 psig in 

ten (10) seconds.  

Portions of other systems which share functions and become part of this 

containment cooling system when required are designed to meet the criteria 

of this section. Neither a single active component failure in such systems 

during the injection phase nor an active/passive failure during the recirculation 

phase will degrade the heat rem oval capability of containment cooling.  

Where portions of these systems are located outside of containment, theI 

following features are incorporated in the design for operation under 

post-accident conditions: 
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a) Means for isolation of any section

b) Means to detect and control radioactivity leakage into the environs, 

to the limits consistent with guidelines set forth in 10 CFR 100.  

6.4.2 SYSTEM DESIGN AND OPERATION 

The Flow Diagram of the Containment Air Recirculation Cooling and Filtration 

System is shown in Figure 6.4-1.  

Individual system components and their supports meet the requirement 

for Class I (Seismic) structures and each component is mounted to isolate 

it from fan vibration.  

Containment Cooling System Characteristics 

The air recirculation system consists of five 20% capacity air handling 

units, each including motor, fan, cooling coils, moisture separators, 

roughing filters and HEPA filters, duct distribution system, instrumentation 

and controls. The units are located on the intermediate floor between 

the containment wall and the primary compartment shield walls. In addition 

each of the five air-handling units is equipped with an activated charcoal 

filter unit, normally isolated from the main air recirculation stream.  

The air flow (air-steam mixture) is bypassed through the charcoal filter 

units to remove volatile iodine following an accident.  

Each fan is designed to supply 65,000 cfm at approximately 22.8" s.p., 

271°F, 0.175 lb/ft 3 density. The fans are direct driven, centrifugal 

type, and the coils are plate fin-tube type. Each air handling unit is 
6 

capable of removing 76.32 x 10 Btu/hr from the containment atmosphere 

under accident conditions. 2000 gpm of service (cooling) water is supplied 

to each unit during accident conditions. The design maximum river water 

inlet temperature is 85=F which results in a maximum outlet temperature 

of 161'F.  
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Air operated, tight closing, 125 lb USAS butterfly valves isolate any inactive air 

handling unit from the duct distribution system. Duct work distributes the cooled 

air to the various containment compartments and-areas. During normal operation, the 

flow sequence through each air handling unit is as follows: Moisture separator, 

cooling coils, roughing filters, HEPA filters, fan, discharge header.  

In the event of an accident, the flow sequence would be the same except that the 

fan discharge would be automatically diverted by air operated butterfly valves 

to a compartment containing the charcoal filters before entering the discharge head

er for distribution.  

Figure 6.3-3 is an engineering layout drawing of an air handling unit, showing 

the arrangement of the above components in the unit. Figure 6.3-4 shows the 

location of the five units on the intermediate floor (elevation 253'-3").  

Actuation Provisions 

The butterfly valves used to route air flow through the charcoal filters have only 

two position, full open and full closed. These valves are air operated and 

spring loaded. Upon loss of control signal or control air, the spring actuates 

the valve to the accident position (fail-safe operation).  

Upon either manual or automatic actuation of the safety injection safeguards 

sequence, the butterfly valves are tripped to the accident position. Accident 

position is also the "fail-safe position." 

Redundant electrically operated three-way solenoid valves are used as each butterfly 

valve to control the instrument air supply (control air). These valves are arranged 

so that failure of a single solenoid valve to respond to the accident signal will 

prevent actuation of the butterfly valve to the accident position (fail-safe operation).  

The containment pressure is sensed by six separate pressure transmitters. located 

outside the containment. Containment pressure i s communicated to the transmitters, 

through three 1" stainless steel lines penetrating the containment vessel. A high 

containment pressure signal automatically actuates the safety in jection safeguard 

sequence (Reference is made to Section 6.2-2) which trips the valves to the accident 

position.
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The fans are part of the engineered safety features and either all five, 

or at least three of five fans will be started after an accident, depending 

on the availability of emergency power. Reference is made to Section 8.  

Overload protection for the fan motors is provided at the switchgear by 

overcurrent trip devices in the motor feeder breakers. The breakers can 

be operated from the control room and can be reclosed from the control 

room following a motor overload trip.  

Redundant flow switches in the system, operating both normally and post-, 

accident, indicate whether air is circulating in accordance with the design 

arrangement. Abnormal flow alarms are provided in the control room.  

Flow Distribution and Flow Characteristics 

The location of the distribution ductwork outlets, with reference to 

the location of the air handling unit return inlets, ensures that the 

air will be directed to all areas requiring ventilation before returning 

to the units. A conceptual sketch of the distribution system layout 

is shown on Figure 6.4-2.  

In addition to ventilating areas inside the periphery of the shield wall, 

the distribution system also includes two branch ducts located at op posite 

extremes of the containment wall for ventilating the upper portion of 

the containment. These ducts are provided with nozzles and extend upward 

along the containment wall as required to permit the throw of air from 

nozzles to reach the dome area and assure that the discharge air will 

mix with the atmosphere.  

The air discharge inside the periphery of the shield wall will circulate 

and rise above the operating floor through openings around the steam generators 

where it will mix with air displaced from the dome area. This mixture 

will return to the air handling units through floor grating located at 

the operating floor directly above each air handling unit inlet. The 

temperature of this air will be essentially the ambient existing in the.  

containment vessel.
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The steam-air mixture from the containment entering the moisture separator 

during the accident will be at approximately 271*F and have a density 

of 0.175 pounds per cubic foot. The purpose of the moisture separator 

is to remove the entrained moisture. The fluid will therefore leave the 

moisture separator and enter the cooling-coil at approximately 271*F 

and saturated (100% R.H.) condition. Part of the water vapor will condense 

on the cooling coil, and the air leaving the unit will be saturated at 

a temperature slightly below 271*F.  

The fluid will remain in this condition as it flows through the roughing 

filter, HEPA filter and into the fan,, but will pick up some sensible heat 

from the fan and fan motor before flowing through the charcoal filters 

and into the distribution header. This sensible heat will increase the 

dry-bulb temperature slightly above 271*F and will decrease the relative 

humidity slightly below 100%.  

With a flow rate of 65,000 cfm from each fan under accident conditions 

and the containment free volume of 2,610,000 ft 3the recirculation rate 

with five fans operating is approximately 7.5 containment volumes per 

hour.  

Charcoal Filter High Temperature Detection and Dousing System 

The five charcoal filter units are provided with high-temperature detectors, 

and associated alarms in the control room. Each charcoal filter unit 

is also provided with a spray system for water dousing, upon a signal 

of high temperature.  

Capability for detecting and alarming the presence of fires and localized 

hot spots in the charcoal filters is provided by a system'of temperature 

switches. Each charcoal filter plenum (containing one banik of 100 absorber 

units in an 11' wide by 16' - 8" high array) is provide .d with 20 temperature 

switches. These switches are uniformly distributed for good coverage 

in each bank, in a 4 wide by 5 high pattern. The temperature 'switches 

are set to close at 400 0F, (which is significantly below the charcoal ignition 

temperature of 680*F) and are wired in parallel to a common alarm in the control 

room. Thus closing of a single switch will actuate the alarm to indicate a high 

temperature condition in the filter plenum.
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The water dousing system provided with each charcoal filter plenum is designed 
to drench the absorbers thoroughly in the extremely unlikely event .of a 
charcoal fire during the post-accident recovery. Water for this system 
is obtained from the main headers of the containment spray system through
a separate 2 in ch stainless steel line to each filter plenum. There are 
two normally closed motor operated valves in parallel in each 2 inch line.  

The Containment Spray System is automatically actuated and will be running 
in the event of a loss-of-coolant accident (injection phase). In the event 
of a high temperature alarm in a filter unit, the operator manually initiates 
filter dousing by actuating the parallel-connected isolation valves for 
each filter assembly. Because of the piping arrangement either of the 
two spray pumps can be used to feed the dousing lines. The dousing flow 
(approximately 100 gpm) is sized to completely wet the charcoal and remove 
the decay heat of the adsorbed iodine thereby preventing heating to the, 
ignition temperature. The system is designed so containment spray at slightly 
reduced flow can continue simultaneously with filter dousing.  

During the recirculation phase of core cooling, operation of the dousing 
system is the same as above except that water to the spray headers is supplied 

from the discharge of the residual heat removal heat exchang ers.0 

Cooling Water for the Fan Cooler Units 

The cooling water requirements for all five fan cooling units during a 
major loss of primary coolant accident and recovery are supplied by two 
of the three nuclear service water pumps. The Service Water System is 
described in Section 9.  

The cooling water discharges from the cooling coils to the discharge canal and 

is monitored for radioactivity by routing a small bypass flow from each unit 

through a common radiation monitor. Upon indication of radioactivity in the 

effluent, each cooler discharge line is monitored individually to locate the 

defective cooling coil, which when identified would remain isolated, operation.  

would continue with the remaining units. The service water system pressure at 

locations inside the containment is 15 to 20 psig, which is below the containment 

design .pressure of 47 psig. However, since the cooling coils and service water 

lines are completely closed inside the containment, no contaminated leakag e is 

expected into these units.
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Local flow and temperature indicat.i on is provided outside containment, for 

service water flow to each cooling unit. .Abnormal flow alarms are 

provided in the control room.

During normal plant operation, flow 

for containment temperature control 

header from the cooling units. Two 

open automatically in the event of 

safety injection signal to bypass ti 

in the open position upon loss of a 

of passing the full flow required f

through the cooling units is throttled 

purposes by a valve on the common discharge 

independent, full flow, isolation valves 

a high containment pressure signal or 

hie control valve. Both valves fail 

ir pressure and either valve is capable 

or all five fan cooling units.

Environmental Protection

All system control and instrumentation devices required for containment 

accident conditions are located to minimize the danger of control loss 

due to missile damage. Flow switches in the ductwork system, operating 

both normally and post-accident, indicate whether air is circulating in 

accordance with the design arrangement. Abnormal flow alarms are provided 

in the control room.  

All fan parts, valve shaft and disc seating surfaces and ducts in contact 

with the containment fluid are protected against corrosion. The fan motor 

enclosures, electrical insulation 'and bearings are designed for operation 

during accident conditions.  

All of the air handling units are located on the intermediate floor between 

the Containment Vessel and the primary compartment shield wall. The distribution 

header and service water cooling piping are also located outside the shield 

wall. This arrangement provides missile protection for all components.
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Components 

Moisture Separators 

The moisture separators are designed to remove a minimum of 99.9% of the 

entrained water in the air-steam entering the air handling units following 

a loss-of-coolant accident. With an air entrained moisture content of 0.35 lb 

3 
H 20/1000 ft. the water flow rate entering the moisture separator section is 

approximately 23 lb/min, and the moisture separator effluent has essentially 

zero moisture content.  

Each bank is designed for horizontal air flo* and is composed of forty (40) 

elements. Each element or separator is 24 in. x 25 in. x 2 in. ' (minimum) 

thick and is mounted in a steel support frame.  

A steel drain trough is incorporated for each horizontal tier of separators 

to collect and remove the water that is recovered from the air stream. Further, 

the design enables the separators to be removed from the upstream side of the 

support frame.  

In order to prevent the bypass of air around the bank, air-tight seals are 

provided between the floor, walls, plenum, and around the perimeter of 

each moisture separator. The tight seal is accomplished by gaskets, adhesive, 

and pressure-sealing tape, all of which can withstand a temperature of 

300°F. The thickness of the gaskets is 1/4 in. for the separator elements 

and 3/8 in. for the perimeter sealing of the support frame; and they do not 

extend into the media area when installed.  

The moisture separator elements are of fire resistant construction, and consist 

of mats of Teflon yarn wrapped over stainless steel reinforcing wire. Non

stainless steel parts used in the construction are protected 

against corrosion by painting with one (1) three-mil shop coat of Carbo Zinc 

No. 11 or equal. The separator frames are fabricated of Type 304L stainless 

steel, with welded joints.  

Inlet baffles are provided on the upstream side of the separator sections to 

prevent impingement of the entrained moisture against the separator elements.  

These are fabricated of 304L stainless steel.  0
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Roughing Filters

The roughing filters prolong the life of the HEPA filters by removing 

the large particles from the air stream before it contacts the high efficiency 

filters. These are efficient for removing large particles. Under normal air 

flow, they offer a resistance to air flow of 0.2 inches of water.  

As in the case for all components of the air handling recirculating system, 

the bank will be designed for horizontal air flow. The bank contains forty (40) 

filters, each of which has dimensions of 24 in. x 24 in. x 2 in. thick.  

All other details of the mounting frame, sealing and materials of construction, 

other than the filters themselves, are the same as described for the same 

demister.  

The filter is of fire resistant construction with the media composed of a 

glass fiber mat reinforced with stainless steel wire cloth.  

HEPA (absolute) Filters 

The high efficiency particulate air (HEPA) filters are capable of 90% removal 

efficiency for 0.3p partic lesjat the post accident design conditions. All 

materials of construction of these filters are compatible with the sodium 

hydroxide/boric acid solution in the post accident environment.  

The filter media is made of glass fiber with asbestos and can withstand the 

incident ambient steam/air temperature conditions and 100% relative humidity.  

Filter frames are made of stainless steel, and asbestos separators resistant 

to moisture and high temperature are used.  

Fan-Motor Units 

The five containment cooling fans are of'the centrifugal, non-overloading, 

direct drive type.  

Each fan can provide a minimum flow rate of 65,000 cfm when operating against 

the system resistance of approximately 22" SP existing during the accident 

condition (0.175 lb/ft 3 density, a containment pressure of 47 psig, and 

temperature of 271°F).
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The reactor containment fan cooler motors are Westinghouse, totally enclosed 

water cooled, 350 horse power, induction type, 3 phase, 60 cycle 1200 RPM, 

Westinghouse, Thermalastic 440 volt with ample insulation margin. Significant 

motor details are as follows: 

a. Insulation - Class F (nema rated total temperature 155°C) Thermalastic.  

Basic structure high turn to turn and coil to ground insulation. It 

is impregnateA and coated to give a homogeneous insulation system which 

is highly impervious to moisture. Internal leads and the terminal 

box-motor interconnection are given special design consideration to 

assure that the level of insulation matches or exceeds that of the basic 

motor system. At incident ambient and load conditions (270PF and 350 HP).  

the motor insulation hot spot temperature is not expected to exceed 107 0C.  

b. Heat Exchanger 

An air to water, heat exchanger is connected to the motor to form an 

entirely enclosed cooling system. Air movement is through the heat 

exchanger and is returned to the motor. A vent valve permits incident 

ambient (increasing containment pressure) to enter the motor air system 

so the bearings will not be subjected to differential pressure. It also 

assumes pressure equalization as the containment pressure is reduced by 

the containment cooling systems. Water connections are welded throughout 

and supply and discharge are common with the containment cooler water 

system, i.e., supplied from the nuclear service water header. The drain 

will be piped to the containment cooler drain system.  

c. Bearings 

The motors are equipped with high temperature grease lubricated ball 

bearings as would be required if the bearings were subjected to inci

dent ambient temperatures. Continuous bearing monitoring is provided 

which will alarm in the control room.  

Conduit (Connection) Box 

The motor leads are brought out of the'frame through a seal and into a 'cast 

iron, sealed explosion proof type of conduit box.

6.4.16



Factory Tests

In addition to the usual quality control tests which are performed to give 

assurance that the motors meet design specifications, special tests have 

been performed to demonstrate that insulation margins are built in as ex

pected. The completely wound stators have been given a special high poten

tial test to ground. The stators were immersed in water, meggered and given 

a high potential test while immersed. After passing the water tests, the 

motor was baked and given a final coating dip. The stator and rotor were 

then again baked and coated.  

Development Tests 

The Westinghouse system of insulation has been subjected to extensive 

testing including formette tests and data has been recorded which show 

ample life of the insulation. Test data at 200 0C, 180 0C and 160 0C give 

an average life of 1365 hrs., 3948 hrs., and 28616 hrs., respectively and 

a minimum life of 1248 hrs., 2688 hrs., and 24690 hrs., respectively.  

Charcoal Filters 

The charcoal filters are fabricated with stainless steel frames filled 

with impregnated, activated charcoal.* The cell construction insures 

compacted carbon beds of uniform density and thickness.
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The design flow rate through each carbon filter unit is 65,000 cfm, at a 

face velocity of approximately 50 fpm. These units are designed to remove 

at least 90% of the incident molecular iodine (12) and 70% of the incident 

radioactive iodine in the form of methyl iodide (CH3I).  

Each of the five charcoal filter units consists of an airtight plenum containing 

a single bank of charcoal filter cells. Air flow enters the plenum through 

one end, passes through the charcoal filter bank, and is exhausted from the 

plenum through ductwork into the main distribution header.  

The individual filter cells are of the "flat-bed" type of construction, with 

two 2-inch thick horizontal charcoal elements separated by'a 2-inch air gap; 

The sides and back of the cell are enclosed by solid (unperforated) stainless' 

steel sheet metal; the larger (horizontal) surfaces are enclosed by perforated 

stainless steel sheets. An unperforated stainless steel sheet seals the 

front edge; this sheet is slightly larger than the basic filter dimensions 

to provide flanges for clamping in the mounting frame. Several rectangular 

slots are cut in the front face to permit air flow. Each filter cell provides 

approximately 12.3 sq. ft. of active surface area for air flow (both elements) 

and contains approximately 2 cu. ft. of charcoal. The charcoal used is MSA 

type 85851.  

During operation, air flows vertically downward through the top surface of 

the filter and upward through the bottom surface, enters the air space between 

the two charcoal elements, and is discharged through the slots in the front 

face.  

Each filter bank consists of 160 cells in a 4 wide by 25 high array. The 

downstream mounting racks arrangement permits removal of individual'cdells 

from the side of the plenum.  

The duct connections are flexible to prevent transmissions of duct vibration 

to the filter units.  

The filter units are designed to withstand the maximum differential pressure 

developed by the fans under accident conditions without developing internal 

leaks or being dislodged from their frame seals.
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Charcoal Filter Dousing System

The spray water dousing system inside the charcoal filter plenums is of stainless 

steel and copper construction. This system provides three individual injection 

lines, terminating in 3/8 inch brass nozzles, which spray into the air space 

between each pair of vertically adjacent adsorber units. The nozzles 

discharge horizontally, to assure complete wetting of both upper and lower 

adsorber surfaces. The design flow of approximately 1/3 gpm per nozzle 

results in a design pressure drop of 30 psi. The nozzle orifice is not 

subject to clogging with particle size less than .045 inches.  

Cooling Coils 

The coils are fabricated of copper plate fins vertically oriented on copper 

tubes. The heat removal capability of the cooling coils is 76.32 x 106 

Btu/hr per air handling unit at saturation conditions (271*F, 47 psig).  

The design internal pressure of the coil is 150 psig at 300*F and the 

coils can withstand an external pressure of 70.5 psig at a temperature 

of 300*F without damage.  

Each recirculating unit will consist of ten (10) coil units mounted in two 

banks of five (5) coils high. These banks will be located one behind the other 

for horizontal series air flow, and the tubes of the coil will be horizontal.  

Each coil will be 37 1/4 in. high x 15 in. wide x 117 in. long with 108 

finned tubes each being 107 in. long. The tubes will be on a 2 1/4 in.  

triangular pitch, thereby giving six (6) rows of tubes in the horizontal 

direction and 18 rows of tubes in the vertical direction. Cooling water flow 

will be double circuited (54 tubes per circuit) and tube supports will be 

provided on 15 in. center lines to permit free expansion and contraction of 

the tubes. (See Fig. 1)
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For normal operation, 7 fins/inch are required to remove 2,000,000 Btu/hr 

using 108 tubes.  

Local flow and temperature indication of service water are provided at 

each air handling unit. Alarms indicating abnormal service water flow, 

and radioactivity are provided in the control room.  

The toils are provided with drain pans and drain piping to prevent flooding 

during accident conditions. This, condensate is drained to the Containment 

Sump. Reference is made to -Section 6. 7.  

Ducting 

The ducts are designed to withstand the sudden release of reactor coolant 

system energy and energy from associated chemical reactions without failure 

due to shock or pressure waves by incorporation-of dampers along the ducts 

which open at slight overpressure, 1.0 psi. The ducts are designed and 

supported to withstand thermal expansion during an accident.  

Where flanged joints are used, joints are provided'with gaskets suitable 

for temperatures to 3000F.  

Ducts are constructed of corrosion resistant material.  

Butterfly Valves 

The spring loaded air operated valves are tight sealing when closed. This 

prevents leakage of air into the charcoal filter compartment during normal 

operation thereby preventing charcoal deterioration. These values fail to 

the open position to assure flow through the charcoal filters during the 

accident condition.  

Electrical Supply 

Details of the normal and emergency power sources are presented in Section 8.
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Further information on the Components of the Containment Air Recirculation 

Cooling and Filtration System is given in Section 5.  

6.4.3 DESIGN EVALUATION 

Range of Containment Protection 

The Containment Air Recirculation Cooling and Filtration System provides the 
design heat removal capacity and the design iodine removal capability for the 
containment following a loss-of-coolant accident assuming that the core 
residual heat is released to the containment as steam. The system accomplishes 
this by continuously recirculating the air-steam mixture: 1) through 
coiling coils to transfer heat from containment to service water, and 
2) through activated charcoal filters to transfer elemental iodine and 
methyl iodide to the filters from the air-steam mixture.  

The performance of the Containment Recirculation Cooling and Filtration 
System in pressure reduction and iodine removal is discussed in Section 14.  

Any of the following combinations of equipment will provide sufficient 
heat removal capability to maintain the post-accident containment 
pressure below the design value'assuming that the core residual heat 
is released to the containment as steam.  

1) All five containment cooling fans 

2) Both containment spray pumps (and one of the two spray valves in the 

recirculation path).  

3) Three of the five containment cooling fans and one containment spray 

PUMP.
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System Response 

The starting sequence of the last of the five containment cooling fans (at 

design conditions five of the fans and two of the nuclear service water pumps 

operate during normal power operations for containment ventilation) and 

the related emergency power equipment are designed so that delivery of 

the minimum required Air flow to the charcoal filters and cooling water 

flow is reached in 58 seconds. In the analysis of the containment pressure 

transient, Section 14.3, a delay time of 60 seconds was assumed.  

The starting sequence is: Seconds.  

a) Initiation of safety injection signal, including 1 

instrument lag.  

b) Starting of diesel generators 19.  

C) Starting of last containment cooling fan 38 

Total 58 

The valves are actuated to safeguards position by the safety injection signal.  

Single Failure Analysis 

A failure analysis has been made on all active components of the system to 

show that the failure of any single active component will not prevent ful

filling the design function. This analysis is summarized in Table 6.4-1.  

The analysis of the loss-of-coolant accident presented in Section 14 is 

consistent with the single failure analysis.  

Loss of a fan motor in a unit should not result in ignition of the charcoal.  

Ignition should be prevented by backf low induced by the operating fans. If 

an increase in the charcoal filter temperature were to occur the high tempera

ture detectors would initiate an alarm and the operator would cause the 

affected bank to be sprayed.
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Reliance on Interconnected Systems

The Containment Air Recirculation Cooling and Filtration System is dependent 
on the operation of the electrical and service water systems. Cooling 
water to the coils is supplied from the service water system. Three nuclear 
service water pumps are provided, only two of which are required to operate 

during the post-accident period.  

Shared Function Evaluation 

Table 6.4-2 is an evaluation of the main components which have been discussed 
previously and a brief description of how each component functions during 
normal operation and during the accident.  

Reliability Evaluation of the Fan Cooler Motor 

The basic design of the motor and heat exchanger as described herein is such 
that the incident environment is prevented, in any major sense, from 
entering the motor winding or when entering in a very limited amount (equaliz
ing, motor interior pressure) the incoming atmosphere is directed to the heat 
exchanger coils where moisture is condensed out. If some quantity of moisture 
should pass through the coil, the changed motor interior environment would 

clean up" in that interior air continually recirculates through the heat 
exchanger.  

It will be noted that the motor insulation hot spot'temperature is not 
expected to exceed 107PC even under incident conditions. Considering that 
rated life could be expected with a continuous hot spot of 155 0C, using 
the industry accepted 10 degree rule (life is doubled for every 10 0 Cdrop 
in temperature) the life expectancy would exceed by many times the expected 
life of motors applied elsewhere in the plant, even if the incident tempera
tures were experienced on a continuous basis.  

During the lifetime of the planit, these motors perform the normal heat 
removal service and as such are only loaded to approximately 120-150 HP.
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Motor insulation hot spot is expected to be from 15 to 20°C below design level 

or approximately 90°C with cooling water at maximum summer temperature. In 

summary, practically none of the insulation life due to thermal aging is used 

up in normal service and at incident loading, the motor insulation should have 

greater than normal life. Incident high temperature, moisture and load condi

tions last only a few hours.  

The bearings are designed to perform in the incident ambient temperature 

conditions. However, it will be noted that the interior bearing housing 

details are cooled by the heat exchanger. It is expected that bearing 

temperatures would not exceed 125 0C by any significant amount even under 

incident conditions.  

The insulation has high resistance to moisture and tests performed indicate 

the insulation system would survive the incident ambient moisture condition 

without failure. The heat exchanger system of preventing moisture from 

reaching the winding is therefore a design margin. In addition, it will be 

noted that at the time of the postualted incident, the load on the fan motor 

would increase, internal motor temperature would increase., and would, therefore, 

tend to drive any moisture if present, out of the winding. Additionally, the 

motors are furnished with insulation margin beyond the operating voltage of 

440 V.  

Following the incident rise in pressure; a rather slow rise as far as 

equalizing pressure in the small volumes of the motor-heat exchanger.is 

concerned, it is not expected that there will be significant mixing of 

the motor (closed system) environment and the containment ambient.  

All hardware used in c6nnection-with the motor and heat exchanger is 

corrosion resistant as an additional margin.  

The heat exchanger has been designed using a very conservative fouling 

factor. However, if surface fouling cut the capability of the heat exchanger 

by one-half, the motor would still have a normal"life expectancy, even 

under incident conditions.
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To prove the effectiveness of the heat exchanger in inhibiting large 

quantities of the steamx air mixture from impinging on the winding and 

bearings, a full scale motor of the exact same type as described, is being 

subjected to prolonged exposure of accident conditions. The test will 

expose the motor to a steam air mixture as well as boric acid and alkaline 

spray at 80 psig and saturated temperature conditions. Insulation resistance, 

winding and bearing temperature, relative humidity, voltage and current as 
well as heat exchanger water temperature and flow will be recorded periodi

cally during the test.  

Following the test the motor will be disassembled and inspected to further 

assure that the unit has performed as designed.  

6.4.4 MINIMUMh OPERATING CONDITIONS 

The Technical Specifications establish limiting conditions regarding the 

operability of the air recirculation units when the reactor is critical.  

6.4.5 INSPECTION AND TESTING 

Inspection 

Access is available for visual inspection of the containment fan-cooler and 
recirculation filtration components including fans, cooling coils, butterfly 

valves, filter units and ductwork. Provision has been made for ready removal 
of a section of the filter banks for inspection and testing.  

Testing 

Component Testing 

The HEPA filters used in the containment fan cooler system are specified 

to operate in the post-accident containment environment. Each filter 

is subjected to standard manufacturer's efficiency and production tests 

prior to shipment.

6.4-25



These include flow resistance tests and the standard Efficiency Penetration 

test requiring that penetration does not exceed 0.03 percent for 0.3 micron 

diameter homogeneous dioctylphthalate (DOP) particles..  

Evaluation tests are performed 'on sample filters constructed from 

the filter medium to demonstrate retention of strength under wet conditions.  

as follows: 

(1) The filter is exposed to.a flow of wet steam and water spray in 

a test facility which will simulate the actual filter installation.  

The water is injected ahead of the filter with a nozzle designed 

to produce a fine spray. Free.(unentrained) moisture will be removed 

by means of a moisture separator upstream of the filter but no provision 

will be made for removal of entrained moisture entering the filter.  

(2) Following the wet flow test in (1) above, the filter will be dried 

and tested.to demonstrate that its resistance to flow has not significantly 

increased.  

(3) Following test (2) above, the filter will be subjected to the NBS 

Dust Loading Test followed by an Ultimate Strength Test with the 

deposited dust still on the filter.  

Only filters of a type which have been certified to have passed these 

tests are accepted for initial use or replacement in the fan coolers application.  

Any of the activated charcoal filter absorbers in the air handling units 

can be removed and tested periodically for effectiveness in removing elemental 

and methyl iodine forms. In addition, periodic, inplace testing of the 

filtration assemblies will be made by injection of a freon aerosol in the air 

stream at the filter inlet to verify the leak-tightness of individual 

filter elements and their frame seals.
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After reinstallation, following testing, the filter charcoal units will 

be tested in place by aerosol injection to determine integrity of the 

flow path.  

Operational Sequence Testing 

The test described in 6.2.5 will demonstrate proper transfer and sequencing 

of the fan motor supplies from the diesel generators in the event of loss 

of power. A test signal will be used to demonstrate proper valve motion 

and fan starting prior to installation of the charcoal filters. This 

test will verify proper functioning of the vane-switch flow indicators.  
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TABLE 6.4.2 - Shared Function Evaluation

Component 

Containment 

Cooling Fan 

Units (5)

Nuclear Service 
Water Pumps (3)

Charcoal Filter 
Units (5)

Normal 
Operating 
Function

Circulate and 
cool contain
ment atmosphere 

Supply river 
cooling water 
to fan units

Normal Operating 
Arrangement 

Up to five fan 
units in 
service

Two pumps 

in service

None Isolated from 

normal fan 
discharge flow

Accident 
Function

Circulate and 
cool contain
ment atmosphere 

Supply river 
cooling water 
to fan units 

Remove iodine 
from containment 
atmosphere

Accident 
Arrangement

Five fan 

units in 
service

Two pumps 
in service

Lined up to 
receive fan 
discharge flow
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Required continuous electrical supply is discussed in Section 8.  

Protection Against Multiple Disability for Protection Systems 

Criterion: The effects of adverse conditions to which redundant channels 
or protection systems might be exposed in common, either under 
normal conditions or those of an accident, shall not result 
in loss of the protection function or shall be tolerable on 
some other basis. (GDC 23) 

The components of the protection system are designed and laid out so that 

the mechanical and thermal environment accompanying any emergency situation 

in which the components are required to function does not interfere with 

that function.  

Separation of redundant analog protection channels originates at the 

process sensors and continues back through the field wiring and containment 

penetrations to the analog protection racks. Physical separation is used 

to the maximum practical extent to achieve separation of redundant 

transmitters. Separation of field wiring is achieved using separate wireways, 

cable trays, conduit runs and containment penetrations for each redundant 

channel. Redundant analog equipment is separated by locating redundant 

components in different protection racks. Each channel is energized 

from a separate a-c instrument bus.  

Demonstration of Functional Operability of Protection Systems 

Criterion: Means shall be included for suitable testing of the active 
components of protection systems while the reactor is in opera
tion to determine if failure or loss of redundancy has 
occurred. (GDG 25) 

The signal conditioning equipment of each protection channel in service at 

power is capable of being tested and tripped independently by simulated 

analog input signals to verify its operation. This includes checking 

through to the trip breakers which necessarily involves the trip logic.  

Thus, the operability of each trip channel can be determined conveniently 

and without ambiguity.

7.2-7



Testing of the diesel-generator starting scheme may be performed from the 

main Unit No. 2 control board. The generator breaker is not closed 

automatically after starting during this testing. The generator may be 

manually sychronized to the 480 volt bus for loading. Complete testing 

of the starting of diesel generators can be accomplished by tripping the 

associated 480 volt bus supply breaker and providing a coincident simulated 

safeguards signal. Blocking the closing of the generator breaker causes 

the bus tie breaker to close after a time delay sufficient for normal 

diesel-generator starting. The ability of the units to start within the 

prescribed time and to carry load can be periodically checked. (The 

electrical system is discussed in more detail in Section 8.2.3).  

Protection Systems Failure Analysis Design 

Criterion: The protection systems shall be designed to fail into a safe 
state or into'a state established as tolerable on a defined basis 
if conditions such as disconnection of the systemf, loss of 
energy (e.g., electrical power, instrument air), or adverse 
environments (e.g., extreme heat or cold, fire, steam, or water) 
are experienced. (GDC 26).  

Each reactor trip circuit is designed so that trip occurs when the circuit 

is de-eniergized; therefore, loss of channel power causes the system to go 

into its trip mode. In a two-out-of-three circuit, the three channels are 

equipped with separate primary sensors and each channel is energized from an 

independent electrical bus. Failure to de-energize when required is a 

mode of malfunction that affects only one channel. The trip signal furnished 

by the two remaining channels is unimpaired in this event.  

Reactor trip is implemented by interrupting power to the magnetic latch 

mechanisms on all drive allowing the full length rod clusters to insert by 

gravity. The protection system is thus inherently safe in the event of a 

loss of power.  

The engineered safety features actuation circuits are designed on the same 

"de-energize to operate" principle as the reactor trip circuits with the 

exception of the containment spray actuation circuit which is energized to 

operate in order to avoid spray operation on inadvertent power failure. -
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Automatic starting of either emergency diesel-generator is initiated 

by redundant undervoltage relays on the 480 volt bus to which the diesel

generator is connected, or by the safety injection signal. Engine cranking 

is accomplished by a stored energy system supplied solely for the associated 

diesel-generator. The under-voltage relay scheme is designed so that 

loss of 480 volt power does not prevent the relay scheme from functioning 

properly.  

Redundancy of Reactivity Control 

Criterion: Two independent control systems, preferably of different 
principles, shall be provided. (GDC 27) 

One of the two reactivity control systems employs rod cluster control 

assemblies to regulate the position of Ag-In-Cd neutron absorbers within 

the reactor core. The other reactivity control system employs the Chemical 

and Volume Control System to regulate the concentration of boric acid 

solution neutron absorber in the Reactor Coolant System.  

Reactivity Control Systems Malfunction 

Criterion: The reactor protection system shall be capable of protecting 
against any single malfunction of the reactivity control system, 
such as unplanned continuous withdrawal (not ejection or dropout) 
of a control rod, by limiting reactivity transients to avoid 
exceeding acceptable fuel damage limits. (GDC 31) 

Reactor shutdown with rods is completely independent of the normal control 

functions since the trip breakers completely interrupt the power to 

the full length rod mechanisms regardless of existing control signals.  

Effects of continuous withdrawal of a rod control assembly and of deboration 

are described in Sections 7.3.1 and 7.3.2, and Sections 9 and 14.  

Principles of Design 

Redundancy and Independence 

The Protective systems are redundant and independent for all vital inputs and 

functions. Each channel is functionally independent of every other channel and
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receives power from two independent sources. Isolation of redundant 

protection channels is described in further detail in Section 7.2.1, 

Isolation of Redundant Protection Channels.  

Manual Actuation 

Means are provided for manual initiation of protective system action.  

Failures in the automatic system do not prevent the manual actuation 

of protective functions. Manual actuation requires the operation of 

a minimum of equipment.  

Channel Bypass or Removal from Operation 

The system is designed to permit any one channel to be maintained, and 

when required, tested or calibrated during power operation without system 

trip. During such operation the active parts of the system continue 

to meet the single failure criterion. Since the channel under test i s either 

tripped or superimposed test signals are used which do not negate the 

process signal.  

EXCEPTION: "one-out--of-two" systems are permitted to violate the single 

failure criterion during channel bypass provided that acceptable reliability 

of operation can be otherwise demonstrated and bypass time interval is short.  

Capability for Test and Calibration 

The bistable portions of the protective system-(e.g., relays, bistables, 

etc.) provide trip signals only after signals from analog portions of 

the system reach preset values. Capability is provided for calibrating 

and testing the performance of the bistable portion of protective channels 

and various combinations of the logic networks during reactor operation.  

The analog portion of a protective channel provides analog signals of 

reactor or a plant parameter. The following means are provided to permit 

checking the analog portion of a protective channel during reactor operation:

7.2-10



Low Pressurizer Pressure Trip

The purpose of this circuit is to protect against excessive core steam 

voids which could lead to DNB. The circuit trips the reactor on coincidence 

of two out of the four low pressurizer pressure signals. This trip is 

blocked when any three of the four power range channels or one of two 

turbine first stage pressure channels reads below approximately 10% 

power (P-7).  

High Pressurizer Pressure Trip 

The purpose of this circuit is to limit the range of required protection 

from the overtemperature AT trip and to protect against Reactor Coolant 

System over-pressure. This circuit trips the reactor on coincidence 

of two out of the three high pressurizer pressure signals.  

High Pressurizer Water Level Trip 

This trip is provided as a backup to the high pressurizer pressure trip.  

The coincident of two out of the three high pressurizer water level 

signals trips the reactor. This trip is bypassed when any three of 

the four power range channels or one of the two turbine first stage 

pressure channels read below approximately 10% power (P-7).  

Low Reactor Coolant Flow Trip 

This trip protects the core from DNB following a loss of coolant flow 

accident. The means of sensing a loss of coolant flow accident are 

as follows:
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a. .Measured low flow in the reactor coolant loop

The low flow trip signal is actuated by the coincidence of 2/3 

signals for any reactor coolant loop. The loss of flow in any 

two loops causes a reactor trip in the power range above approximately 

10% (P-7). Above 70% power, the loss of flow in any loop causes 

a reactor trip (P-8). The instrument used for flow measurement is 

an elbow tap and is discussed in Section 4.  

b. Reactor Coolant Pump circuit breaker open 

1. Undervoltage on any two of the four reactor coolant pump 

buses will cause a reactor trip above approximately 10% power 

(P-7). Undervoltage on any single bus will cause a reactor trip 

above approximately 70% power (P-8) 

2. Underfrequency on any two of our four reactor coolant pump 

buses will trip all four reactor coolant pumps and cause a 

reactor trip above approximately 10% power (P-7).  

C. Undervoltage on any two of the four reactor coolant pump buses 

causes a direct reactor trip above approximately 10% power (P-7).  

Below the permissive power set point P-8 and above the permissive set point 

P-7, a loss of flow in two loops would cause a reactor trip. This permits 

an orderly plant shutdown under administrative control following a single 

loop loss of flow during low power operation. Since the plant will not be 

maintained in operation above permissive power setting P-7 without three 

loops in service, independent accidents simultaneous with a single 1oop loss of 

flow at low power are not considered in the Protection System design.
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under water. This permits visual control of the operation at all times 

while maintaining low radiation levels, less than 2.0 mr/hr, for periodic 

occupancy of the area by operating personnel. Pit water level is indicated, 

and water removed from the pit must be pumped out since there are no gravity 

drains. Shielding is provided for waste handling and storage facilities 

to permit operation within requirements of 10 CFR 20.  

Gamma radiation is continuously monitored in the auxiliary building. A 

high level signal is alarmed locally and is annunciated in the control 

room.  

Protection Against Radioactivity Release From Spent Fuel and Waste Storage 

Criterion: Provisions shall be made in the design of fuel and waste storage 
facilities such that no undue risk to the health and safety 
of the public could result from an accidental release of radio
activity. (GDC 69) 

All fuel and waste storage facilities are contained and equipment designed 

so that accidental releases of radioactivity directly to the atmosphere 

are monitored and do not exceed the guidelines of 10 CFR 100.  

The reactor cavity, refueling canal and spent fuel storage pit are reinforced 

concrete structures with a seam-welded stainless steel plate liner. These 

structures are designed to withstand the anticipated earthquake loadings 

as Glass I structures so that the liner prevents leakage even in the event 

the reinforced concrete develops cracks.  

All vessels in the Waste Disposal System which are used for waste Storage 

are designed as Class I equipment.
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9.5.2 SYSTEM DESIGN AND OPERATION

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 shipment from the site. Boric acid is added to the water 

to ensure subcritical conditions during refueling.  

The Fuel Handling System may be generally divided into two areas: the 

reactor cavity which is flooded only during plant shutdown for refueling 

and the spent fuel pit which is kept full of water and is always accessible 

to operating personnel. These two areas are connected by the Fuel Transfer 

System consisting of an underwater conveyor that carries the fuel through 

an opening in the plant containment.  

The reactor cavity is flooded with borated water from the refueling water 

storage tank. In the reactor cavity, fuel is removed from the reactor 

vessel, transferred through the water and placed in the fuel transfer by 

a manipulator crane. In the spent fuel pit the fuel is removed from the 

transfer system and placed in storage racks with a long manual tool suspended 

from an overhead hoist. After a sufficient decay period, the fuel is removed 

from storage and loaded into a shipping cask for removal from the site.  

New fuel assemblies are received and stored in racks in the new fuel storage 

area. New fuel is delivered to the reactor by lowering it into the spent 

fuel pit and taking it through the transfer system. The new fuel storage 

area is sized for storage of the fuel assemblies and control rods normally 

associated with the replacement of one-third of a core. The fuel for the 

initial core loading is stored temporarily in the spent fuel storage pit.  

The pit is kept dry during this period.  

0
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*A storage rack is provided to hold spent fuel assemblies and is erected 

on the pit floor. Fuel assemblies are held in a square array, and placed 

in vertical cells. The racks are designed so that it is impossible to 

insert fuel assemblies in other than the prescribed locations, thereby 

ensuring the necessary spacing between assemblies. Control rod clusters 

are stored in place inside the spent fuel assemblies.  

New Fuel Storage 

New fuel assemblies and control rods are stored in a separate area whose 

location facilitates the unloading of new fuel assemblies or control rods 

from trucks. Thi's storage vault is designed to hold new fuel assemblies 

in specially constructed racks and is utilized primarily for the storage 

of the replacement fuel assemblies required for cycled loading. The assemblies 

which make up the remaining part of the first core are stored in the spent 

fuel pit which otherwise remains unused until the time of first refueling.  

The new fuel assemblies are stored in racks arranged to space the fuel 

assemblies the same amount as for spent fuel.  

Decontamination facilities, consisting of an equipment and cask pit, are 

located adjacent to the spent fuel storage pit; cask handling and other 

tools can be cleaned and decontaminated in the cask decontamination pit.  

The outside surfaces of the casks are decontaminated, if required, by using 

steam, water, detergent solutions, and manual scrubbing to the extent re

quired.  

Major Equipment Required for Fuel Handling 

Reactor Vessel Stud Tensioner 

Stud tensioners are used to make up the head closure joint and during this 

process all studs are stretch tested to more than nominal working loads 

at every refueling.  

The stud tensioner is a hydraulically operated (oil as the working fluid) 

device provided to permit preloading and unloading of the reactor vessel 

closure studs at cold shutdown conditions. Stud tensioners were chosen 

in order to minimize the time required for the tensioning or unloading
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operations. Three tensioners are provided and they are applied simultaneously 

to three studs 1200 apart. One hydraulic pumping unit operates the tensioners 

which are hydraulically connected in parallel. The studs are tensioned 

to their operational load in two steps to prevent high stresses in the 

flange region and unequal loadings in the studs. Relief valves are provided 

on each tensioner to prevent overtensioning of the studs due to excessive 

pressure. Charts indicating the stud elongation and load for a given oil 

pressure are included in the tensioner operating instructions. In addition, 

micrometers are provided to measure the elongation of the studs after-tensioning.  

Reactor Vessel Head Lifting Device 

The reactor vessel head lifting device consists of a welded and bolted 

structural steel frame with suitable rigging to enable the crane operator 

to lift the head and -store it during refueling operations. The lifting 

device is permanently attached to the reactor vessel head.  

Reactor Internals Lifting Device 

The reactor internals lifting device is a fixture providing the means to 

grip the top of the reactor internals package and to transfer the lifting 

load to the crane. Utilizing a long sling, the device is lowered onto 

the guide tube support plate of the internals and is manually bolted to 

the support plate by three bolts. The bolts are controlled by long torque 

tubes extending up to an operating platform on the lifting device. Bushings 

on the fixture engage guide studs mounted on the vessel flange to provide 

close guidance during removal and replacement of the internals package.  

Manipulator Crane 

The manipulator crane is a rectilinear bridge and trolley crane with a 

vertical mast extending down into the refueling water. The bridge spans 

the reactor cavity and runs on rails set into the floor along the edge
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cooling water to the diesels. The inlet valving is arranged so that each 

of the three diesels can be served by either of the supply lines and, furthermore, 

the failure of single passive or active component will not result in the loss 

of all diesel power.  

Design Evaluation 

The non-essential service water system is not required for the maintenance 

of plant safety immediately following an accident. The essential portion 

of the service water system is designed to prevent the single failure of any 

active component used during this injection phase of the Safety Injection 

System (Section 6.2) or the single failure of any active or inactive component 

of the remaining engineered safety features from limiting the ability of the 

engineered safety features to perform their function in the event of an accident.  

Sufficient pump capacity is included to provide design service water flow 

under all conditions and the headers are arranged in such a way that even 

loss of a complete header does not jeopardize plant safety.  

Tests and Inspections 

Each service water pump will undergo a hydrostatic test in the shop in which 

all wetted parts will be subjected to a hydrostatic pressure of one and one

half times the shut-off head of the pump. In addition, the normal capacity 

vs. head tests will be made on each pump.  

All valves in the serivce water system will undergo a shop hydrostatic test 

of three times the design pressure on the body and two and one-third times 

design pressure on the seat. Servicewater system design pressure is 150 

psig.  

All service water piping will be hydrostatically tested in the field at 225 

psig or one and one-half times design. The welds in shop fabricated s ervice 

water piping will be liquid penetrant or magnetic particle inspected in accordance 

with the ASME Boiler and Pressure Vessel Code, Section VIII.  

Electrical components of the service water system are tested periodically.
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TABLE 9.6-1

ESSENTIAL SERVICE WATER REQUIREMENTS @ 75-F 

Flow Normal MCA Flow MCA Flow 

Service (Number) Each (GPM) Flow Total 1st Hr. After 1st. Hr.  

Containment cooling coils (5) 2,000 MGC 1.160 10,000 10,000 

Component coolers (2) * 5,000* 5,000* - 5,000* 

Diesel generators (3) 400 1,200 1,200 1,200 

Turbine oil coolers (2) 19100 1,100 1,100 

Seal oil coolers and Steam generator 

feed pump oil coolers 220 220 200 

Radiation sample cooler 80 80 80 80 

Air compressor heat exchanger 65 65 65 65 

Service water pump strainer 

blowdown 100 100 100 100 

Total Flows 8,965 8,925 12,815 16,495 

Item marked * is supplied from other header of service water system.  

Total flows for essential 3,925 12,765 11,445 

service header 

No. of pumps required 1 2 2 

Required pump capacity 3,925 6,385 5,723

The pump will run out on their curve to meet the flows.



Survey instruments are calibrated quarterly. Calibration and maintenance 

records are provided for each instrument.  

The portable radiation survey instruments listed in Table 11.2-9 are 

available for use off-site during and following any possible accidental 

release of radioactivity from the facility. In addition to those listed, 

the following portable equipment is also available: 

1) Fixed particulate coolector 0.8 micron filter - activated charcoal 

or plain. Nominal air flow rate of 1 cfm.  

2) Hurricane Air Sampler 4 inch diameter, 0.8 micron filter - activated 

charcoal or plain. Nominal air flow rate of 10 cfm.  

3) Proportional Counter - 2n geometry 50% yield for alpha and 68% 

yield for beta. Lead shielded to minimize the effect of background 

radiation.  

4) Gamma Scintillation Spectrometer - can be used to serve one of 

three functions; a) G.M. detector counting rate meter b) Scintillation 

detector counter rate meter with a 2 inch by 1 inch thollium activated 

sodium iodine crystal sealed to a photomultiplier tube. c) Spectrometer 

when used in this mode the crystal and photomultiplier tube are 

utilized. In addition, the window and anti-coincidence circuit 

select only the pulses from certain energies from 0.03 to 3.0 Mev.  

The instrument has six ranges up to a limit of 10+ 5 cpm.  

A survey vehicle, capable of providing up to 5 kw of A-C power is also 

available for use during environmental surveys. It is equipped with 

a two-way radio and a wind speed and direction analysis system. Complete 

analysis of off-site survey data can be accomplished within the vehicle.
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MEDICAL FACILITIES 

Medical facilities, consisting of a decontamination room and an examination 

room (Figure 11.2-4), are located in the Nuclear Service Building for Unit 

No. 1 (Figure 11.2-5) adjacent to the containment sphere, but outside the 

external concrete biological shield. This centralized facility, described 

below, will serve Unit No. 2. Each room contains an area of about 330 

square feet.  

Decontamination Room 

The Decontamination Room is specially designed for the care of personnel 

contaminated by radioactivity. It has been used on infrequent occasions 

when skin contamination was not cleared by measures at the work site. It 

is designed to allow the admission of several mixed ambulatory and non

ambulatory patients. Patients will be sent to the decontamination room 

under the following conditions: 

(1) they are uninjured, but their skin contamination is. greater than 

200 counts per minute, measured at contact with a GEIGER-MUELLER0 

(G.M.) Portable Survey Meter; or 

(2) they are injured and contaminated; or 

(3) they require nasal, ear, or oral decontamination; or 

(4) they are injured and contaminated and require emergency treatment 

* before being moved to the hospital.  

* The floor is of stainless steel and the walls and ceilings are of special 

*vinyl tile material. In the center of the Decontamination Room there is a 

fixed pedestal-type stainless steel table which has been adapted for de

contamination and treatment of non-ambulatory patients. This fixture offers 

the additional advantage of allowing copious irrigation in cleansing wounds 

Supplement 1 
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QIJESTION 4.11 

Discuss the extent to which electroslag welding was used in the fabrication 

of Class I components. If electroslag welding was used, describe the process, 

its variables, and the quality control procedures employed.  

ANSWER 

The Indian Point Unit No. 2 90* elbows were electroslag welded. The following 

efforts were performed for quality assurance of these components.  

1. The electroslag welding procedure employing one wire technicue was 

qualified in accordance with the reuirements of ASM1E P&PV Code 

Section IX and Code Case 1355 plus supplementary evaluations as 

requested by JNFS-PWRSD. The following test specimens were removed 

from a 5 inch thic' weldment and successfully tested. Tbey are7 

a. 6 Transverse Tensile Bars - as welded 

b. 6 Transverse Tensile Bars - 2050'F, 172 0 Quench 

c. 6 Transverse Tensile Bars - 2050'F, H 0 Ouench + 75f0' stress 
21 

relief heat treatment 

d. 6 Transverse Tensile Bars - 2050'F, H 20 Quench, tested at 650OF 

e. 12 Guided Side Bend Test Bars 

2. The casting segments were surface conditioned for 100% radiographic 

and penetrant inspections. The acceptance standards were ASTM E-186 

severity level 2 (except no category D or E defectiveness was permitted) 

and ASME Section III, Paragraph N-627, respectively.  

3. The edges of the electroslag weld preparations were machined. These 

surfaces were penetrant inspected prior to welding. The acceptance 

standards were ASME Section III, Paragraph N-627.  
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4. The completed electroslag weld surfaces were ground flush with the 

casting surface. Then, the electroslag weld and adjacent base material 

were 100% radiographed in accordance with ASME Code Case 1355. Also, 

the electroslag weld surfaces and adjacent base material were penetrant 

inspected in accordance with ASME Section III, Paragraph N-627.  

5. Weld metal and base metal chemical and physical analysis were-determined 

and certified.  

6. Heat treatment furnace charts were recorded and certified.  

The Indian Point Unit No. 2 reactor coolant pump casings were electroslag 

welded. The following efforts were performed for quality assurance of the 

components.  

1. The electroslag welding procedure employing two and three wire technique 

was qualified in accordance with the requirements of the ASME B&PV 

Code Section IX and Code Case 1355 plus supplementary evaluations 

as requested by wNES-PWRSD. The following test specimens were removed 

from an 8 inch thick and from a 12 inch thick weldment and successfully 

tested for both the 2 wire and the 3 wire techniques, respectfully.  

They are: 

A. Two wire electroslag process - 8" thick weldment.  

1. 6 Transverse Tensile Bars - 750*F post weld stress relief 

2. 12 Guided Side Bend Test Bars 

B. Three wire electroslag process - 12" thick weldment 

1. 6 Transverse Tensile Bars - 750*F post weld stress relief 

2. 17 Guided Side Bend Test Bars 

3. 21 Charpy Vee Notch Specimens 
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4. Full section macroexamination of weld and heat affected zone 

5. Numerous microscopic examinations of specimens removed from 

the weld and heat affected zone regions.  

6. Hardness survey across weld and heat affected zone.  

C. A separate weld test was made using the 2 wire electroslag technique to 

evaluate the effects of a stop and restart of welding by this process.  

This evaluation was performed to establish proper procedures and tech

niques as such an occurrence was anticipated during production applica

tions due to equipment malfunction, power outages, etc. The following 

test specimens were removed from an 8 inch thick weldment in the 

stop-restart-repaired region and successfully tested. They are: 

1. 2 Transverse Tensile Bars - as welded 

2. 4 Guided Side Bend Test Bars 

3. Full section macroexamination of weld and heat affected zone.  

D. All of the weld test blocks in (A), (B) and (C) above were radiographed 

using a 24 Mev Betatron. The radiographic quality level obtained was 

between one-half of 1% to 1%. There were no discontinuities evident 

in any of the electroslag welds.  

1. The casting segments were surface conditioned for 100% radiograpic 

and penetrant inspections. The radiographic acceptance standards 

were ASTM E-186 severity level 2 except no category D or E defec

tiveness was permitted for section thickenss up to 4-1/2 inches 

and ASTM E-280 severity level 2 for section thicknesses greater 

than 4-1/2 inches. The penetrant acceptance standards were ASME 

B&PV Code Section III, paragraph N-627.  
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2. The edges of the electroslag weld preparations were machined. These 

surfaces were penetrant inspected prior to welding. The acceptance 

standards were ASME B&PV Code Section III, paragraph N-627.  

3. The completed electroslag weld surfaces were ground flush with the 

casting surface. Then, the electroslag weld and adjacent base 

material were 100% radiographed in accordance with ASME Code Case 

1355. Also, the electroslag-weld surfaces and adjacent base 

material were penetrant inspected in accordance with ASME B&PV 

Code Section III, paragraph N-627.  

4. Weld metal and base metal chemical and physical analyses were 

determined and certified.  

5. Heat treatment furnace charts were recorded and certified.
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QUESTION 4.5 . 7 

Although it is stated that the reactor coolant system valves, fittings and 
piping are designed, fabricated, inspected and tested in conformance with 
ti\USAS B31.1 Code for Power Piping, we wish to evaluate the degree to 
whic- they meet the requirements of USAS B31.7 Code. Accordingly, discuss 
the llowing in detail: 

1. Th quality assurance requirements as implemented compared with 
tho of USAS B31.7 Code for Nuclear Power Piping (tentative subject 
to re ision, dated January, 1969).  

ANSWER 

Quality control tec iques used in the fabrication of the reactor coolant 

system are equivalent o those used in the manufacture of the reactor 

vessel which conforms to Section III of the ASME Boiler and Pressure 

Vessel Code.  

The piping is designed to the SAS B31.1 (1955) Code for Power Piping using 

the allowable stresses found in he Nuclear Code Cases N-7 and N-1O for 

pipe and fittings, respectively.  

1. The quality assurance requiremen s required by W NES in the purchase 

and examination of the reactor coo ant piping assures that the quality 

level of. a Westinghouse plant is comarable to that delineated by 

USAS B31.7, Class I, Code for Nuclear"\iping.  

a) All materials conform to ASTM specifications listed for B31.7 

Class I, Nuclear Piping. In addition, 11 materials are 
f certified, identified, and marked to fac itate tracibility 

thus complying with the requirements of US S B31.7, Class I, 

Code for Nuclear Piping.  

b) Piping base materials are examined by quality as urance methods 

having acceptance criteria which meet the requirem nts set 

forth in USAS B31.7, Class I, Code for Nuclear Pipi 
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c) All welding procedures, welders, and welding operators 

are qualified to the requirements of ASME Section IX, Welding 

Qualifications, which is in compliance with the requirements 

of USAS B31.7, Class I, Code for Nuclear Piping.  

d) All welds are examined by NDT methods and to the extent prescribed 

in USAS B31.7 for Class I nuclear piping.  

e) All branch connection nozzle welds of nominal sizes of 3" and 

larger are 100% radiographed. This exceeds the requirements 

of USAS B31.7, Class I piping since it includes nominal sizes 

of 6" and larger for 100% radiography.  

f) All finished welds are liquid penetrant examined on both the 

outside and inside (if accessible) surfaces as required by 

USAS B31.7 Class I. In addition, nozzle welds in nominal 

sizes 2" and smaller are progressively examined after each 

1/4 inch inc Irement of weld deposit in lieu of radiography.  

g) Hydrostatic testing is performed on the erected and installed 

piping. This requirement is the same as in USAS B31.7

Hence, the Westinghouse quality assurance 

in the procurement of Indian Point Unit 2 

equal to and in some instances exceed the 
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TABLE 4.5"-

REACTOR COOLANT SYSTEM 
QUALITY ASSURANCE PROGRAM 

Component RT* UT* PT* MT* ET* 

1. Steam Generator 
1.1 Tube Sheet 

1.1.1 Forging .yes- yes 
1.1.2 Cladding yes yes 
1.2 Channe Head 

1.2.1 Casting yes yes 

1.2.2 Cladding yes 
1.3 Secondary Shell & Head 

1.3.1 Plates yes(a) yes 

1.4 Tubes yes yes 
i5 Nozzles (forgings) yes yes 
1.6 Weldments 

1.6.1 Shell, longitudinal yes yes 
1.6.2. Shell, circumferential yes yes 
1.6.3 Cladding yes 
1.6.4 Nozzle to shell yes yes 
1.6.5 Support brackets - yes 
1.6.6 Tube-to-tube sheet, yes 
1.6.7 Instrument connections yes 

(primary and secondary) 
1.6.8 Temporary attachment 

after removal yes 
1.6.9 After hydrostatic test 

(all welds) yes 
1.6.10 Nozzle safe ends yes yes 

(if forgings) 
1.6.11 Nozzle safe ends yes 

(if weld deposit) 

2. Pressurizer 
2.1 Heads 

2.1.1 Casting yes yes 
2.1.2 Cladding yes 

2.2 Shell 
2.2.1 Plates yes(a) yes 
2.2.2 Cladding yes 

2.3 Heaters 
2.3.1 Tubing .,yes yes 
2.3.2 Centering of element yes 

2.4 Nozzle yes yes



TABLE 4.5-1 (Continued)

Component

2.5 Weldments 
2.5.1 Shell, longitudinal 
2.5.2 Shell, circumferential 
2.5.3 Cladding 
2.5.4 Nozzle Safe End 

(if forging) 
2.5.5. Nozzle Safe End 

(if weld deposit) 
2.5.6 Instrument Connections 
2.5.7 Support Skirt 
2.5.8 Temporary attachments 

after removal 
2.5.9 All welds after 

hydrostatic test 

3. Piping 
3.1 Fittings (Castings) 
3.2 Fittings (Forgings) 
3.3 Pipe 
3.4 Weldments 

3.4.1 Longitudinal 
3.4.2 Circumferential 
3.4.3 Nozzle to run pipe 
3.4.4 Instrument connections 

4. Pumps 
4.1 Casting 
4.2 Forgings 
4.3 Weldments 

4.3.1 Circumferential 
4.3.2 Instrument connections

RT* 

yes 
yes 

yes

UT* PT* MT* ET*

yes 
yes

yes 

yes

yes
yes 
yes

yes 
yes 
yes

yes

yes 
yes

yes 
yes 

yes

yes 
yes 
yes 

yes 
yes 
yes 
yes 

yes 
yes 

yes 
yes

5. Reactor Vessel 
5.1 Forgings 

5.1.1 Fla 
5.1.2. Stu 
5.1.3 Hea 
5.1.4 Hea 
5.1.5 Ins 
5.1.6 Mai 
5.1.7 No2

nges 
Lds 
Ld Adapters 
Ld Adapter Tube 
trumentation Tube 
*n Nozzles 
zle, Safe Ends 
forging is employed)

5.2 Plates 
5.3 Weldments 

5.3.1 Main seam 
5.3.2 CRD Head Adapter 

Connection

0

0

yes 
yes 

yes

yes 
yes 
yes 
yes 
yes 
yes 
yes 

yes (a)

yes 
yes 

yes 
yes

yes
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TABLE 4.5-1 (Continued)

Components RT*

5.3.3 Instrumentation Tube 
Connection 

5.3.4 Main Nozzles 
5.3.5 Cladding 
5.3.6 Nozzle Safe Ends 

(if. forging) 
5.3.7 Nozzle Safe Ends 

(if weld deposit) 
5.3.8 Head adaptor forging 

to head adaptor tube 
5.3.9 All welds after 

hydrotest 

6. Valves 
6.1 Castings 
6.2 Forgings

UT* PT* MT* ET*

yes(b) yes 
yes

yes

yes

*RT - Radiographic: Ut - Ultrasonic: PT - Dye Penetrant; 

MT - Magnetic Particle; ET - Eddy Current.  

(a) 100% scanning for longitudinal wave technique and 100% shear 
wave technique 

(b) UT of clad bond-to-base metal.



TABLE 4.5-2

IN-SERVICE INSPECTION PLANS

Inspection 
Area,

Method of 
Inspection

Direct Visual and 
limited dye penetrant

1. Reactor Vessel Head 

2. Reactor Vessel Studs 

3. Reactor Vessel Cladding 
between Closure Flange 
and Primary Coolant 
Outlet Nozzles 

4. Reactor Vessel Head 
Adaptors 

5. Bottom Instrument Tubes 

6. Nozzle Safe-Ends

Magnetic Particle 
and/or Ultrasonic

Remote Visual

Direct Visual 
Dye Penetrant 

Direct Visual 
Dye Penetrant 

Direct Visual 
Dye Penetrant

Frequency of inspection is defined in the Technical Specifications.



3. Positive reactivity changes shall not be made by rod drive motion 

or boron dilution whenever the containment integrity is not intact.  

INTERNAL PRESSURE 

The reactor shall not be critical if the containment internal pressure 

exceeds 2.0 psig, or the internal vacuum exceeds 2.0 psig.  

Regarding internal pressure limitations, the containment design pressure 

of 47 psig would not be exceeded if the internal pressure before a major 

loss-of-coolant accident were as much as 6 psig. The containment is designed 

to withstand an internal vacuum of 2.5 psig. The 2.0 psig vacuum is specified 

as an operating limit to avoid any difficulties with motor cooling.  

LEAKAGE 

The reactor shall not be critical if the containment leakage exceeds 0.1 

weight per cent of the contained air per 24 hours at an internal pressure 

of 47 psig. This will be demonstrated by the initial gross leak rate test 

(which will verify the 0.1% per day leak rate limit with the double penetrations 

and weld channels open to the atmosphere) and subsequent monitoring of 

double penetrations and weld channel zone leakage less than 0.2 per cent 

of the containment free volume per day.  

A containment leakage rate of 0.1 weight per cent of the contained air 

per 24 hours at an internal pressure of 47 psig under hypothetical accident 

conditions with 3 of 5 air recirculation units operating will maintain 

public exposure well below 10 CFR 100 values.
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5.1.8 CONTAINMENT SYSTEM STRUCTURE-INSPECTION AND TESTING 

An appropriate containment inspection plan is presently in the development 

stage. It is our intention however that, such an inspection will 

be conducted annually.  

Initial Containment Leakage Rate Testing 

Criterion: Containment shall be designed so that integrated leakage 
rate testing can be conducted at the peak pressure calcu
lated to result from the design basis accident after 
completion and installation of all penetrations and the 
leakage rate shall be measured over a sufficient period 
of time to verify its conformance with required performance.  

After completion of the containment structure and installation of 

all penetrations and weld channels, an initial integrated leakage 

rate test will be conducted at the peak calculated accident pressure 

(47 psig), maintained for a minimum of 24 hours, to verify that the 

leakage rate is no greater than 0.1 per cent by weight of the containment 

volume per day. This leakage rate test will be performed using the reference 

vessel method.  

Periodic Containment Leakage Rate Testing 

Criterion: The containment shall be designed so that an integrated 
leakage rate can be periodically determined by test during 
plant lifetime.  

With the monitoring provisions for the pressurized double penetrations 

and weld seam channels there is no need to repeat the integrated leak 

rate test, unless major maintenance or modifications are made.  

A leak rate test at the peak calculated accident pressure using the same 

method as the initial leak rate test can be performed at any time during 

the operational life of the plant, provided the plant is not in operation 

and precautions are taken to protect instruments and equipment from damage.

5.1.8-1



After completion of a successful leak test, the welds are covered by channels.  

A strength test is performed by applying 54 psig air pressure to the channels 

in the zone for a period of 15 minutes.  

The zone of channel-covered welds is pressurized to 47 psig with a 20% by 

weight of Freon-air mixture. The entire run of the channel to plate welds 

is then traversed with a halogen leak detector.  

The sensitivity of the leak detector is 1 x 10- 9 standard CC per second.  

The snifer is held approximately 1/2-inch from the weld and traversed at 

a rate of about 1/2-inch/second. The detection of any amount of halogen 

indicates a leak requiring weld repairs and retesting.  

After the halogen test is complete all liner welds not accessible for radiography 

are pressurized with air to 47 psig and soap-tested. Any leaks indicated 

by bubbles are repaired and retested. Where leaks occur, welds are removed 

by arc gouging, grinding, chipping and/or machining, before rewelding. In 

addition, the zone of channels are held at the 47 psig air pressure for 

a period of at least two hours. The drop in pressure is not to exceed the 

equivalent of a leakage of 0.05% of the containment building volume per 

day. Compensation for change in ambient air temperature is made if necessary.  

Vertical Cylindrical Walls and Dome 

For a liner a complete radiograph is made of the first 10 feet of full penetraton 

weld made by each welder or welding operation. A minimum of a 12" film 

"spot" radiograph is made every 50 feet of weld thereafter on the side walls 

and dome, except where back-up plates are used. The radiograph films are 

given to United Engineers and Constructors for their review.
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When a spot radiograph shows defects that require repair, two adjacent spots 

shall be radiographed. If defects requiring repair are shown in either 

of these, all of the welding performed by the responsible operator or welder 

shall be 100% radiographed to determine the end of defect.  

The performance and acceptance standards for all radiography shall be ASME 

Section VIII, Paragraph UW5l.

The liner plate to plate welds are tested for leak tightness by vacuum box 

techniques. After successful completion of the spot radiography and vacuum 

box tests and subsequent repair of all defects, the channels are welded 

in place over all seam welds in a pre-determined zone. A strength test 

is performed on the liner plate'weld and the channel weld by pressurizing 

the channel with air at 54 psig for 15 minutes. In addition, each zone 

of channel covered weld is leak tested using the Freon-air mixture at 47 

psig.  

In locations where radiography is not possible, such as the lower courses 

of shell plates where back-up plates are used, and where liner bottom welds 

and floor plate welds are made to angles and tees, the liner fabricator 

welds on a 2" long overrun coupon. The overrun coupon is chipped off, marked 

for location and given to United Engineers and Constructors for testing.  

These welds are also vacuum box tested.  

Welded studs are visually inspected, and at least one at the beginning of 

each day's work and another at approximately mid-day are bend-tested to 

450 for each welder. Studs failing visual or bend-testing are removed.  

While the liner is not a pressure vessel, industry experience has shown 

that leaks in pressure vessels normally occur at joints. For this reason, 

and following current liner fabrication practice, there is no radiographic 

or other non-destructive examination of liner plate.

5.1.8-5



Penetrations 

Strength and leak tests of individual penetration internals and closures 

and sleeve weld channels are performed in a similar manner to the above 

and all leaks repaired and the penetration or weld channel retested until 

no further leaks are found.  

5.1.8.2 PRE-OPERATIONAL TESTS 

All penetration and the welds joining these penetrations to the containment 

liner and the liner seal welds have been designed to provide'a double 

barrier which can be continuously pressurized at a pressure higher than 

the design pressure of the containment. This blocks all of these potential 

sources of leakage with a high pressure zone and at the same time provides 

a means of monitoring the leakage status of the containment which is 

much more sensitive and accurate than the conventional integrated leak rate test.  

After the containment building is complete with liner, concrete structures, 

and all electrical and piping penetrations, equipment hatch and personnel 

locks in place, the following tests will be performed: 

a) Strength Test: 

A pressure test will be made on the completed building using air 

at 54 psig. This pressure will be maintained on the building for 

a period of one hour. During this test, measurements and observations 

will be made to verify the adequacy of the structure design. For 

a description of observations, cracks, strain gauges, etc., refer 

to the Containment Report. (7 )
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b) Gross Leak Rate Tests: 

The basis for the integrated leak rate tests which will be performed 

on the completed building at 47 psig will be the reference volume 

method. This leakage test will be performed with the double pene

ration and weld channel zones open to the atmosphere. The integrated 

leakage rate to be demonstated by this test will be equal to or less 

than 0.1% of the containment free volume per day. After it has been 

assured that there are no defects remaining from construction, a 

sensitive leak rate test will be conducted.  

c) Sensitive Leak Rate Test: 

The sensitive leak rate test will include only the volume of the weld 

channels and double penetrations. Because this volume is about 1000 

times smaller than the containment free volume, the sensitivity and 

accuracy attainable in this leak test is increased correspondingly 

over that attainable by integrated leak rate testing. The sensitive 

leak rate test will be conducted with the penetrations and weld 

channels at 50 psig and with the containment building at atmospheric 

pressure. The leak rate for the double penetrations and weld channel 

zones will be equal to or less than 0.2% of the containment free 

volume per day.  

5.1.8.3 POST-OPERATIONAL TESTS 

The double penetrations and the weld seam channels which are installed 

on the inside of the liner in the containment will be continuously pressurized 

to provide a continuous and very sensitive and accurate means of monitoring_ 

their status with respect to leakage. With this provision, there is 

no need to perform integrated leak rate tests of the containment building, 

unless major maintenance or modifications of the containment are made.  

To allow for this possibility, it is permissible to pressurize the 
containment 

building at 54 psig, after the major modifications have been completed.  

0
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place when the level indicators in the refueling water storage tank 

indicate that the fluid has been injected. The level indicators in 

the containment sump will verify that the level is sufficient within 

the containment. The sequence is followed regardless of which power 

supply is available. The time required to complete the switch-over 

is just the time for the switch gear to function and this will take 

less than 90 seconds. (The eight switch sequence automatically performs 

the pump shedding operations described in paragraph b above so that 

the operator can directly initiate the change-over when the first alarm 

sounds).  

1. Terminate safety injection signal in order that the control logic 

permits manipulation of the system. (At any time following 

completion of the auto start sequence).  

.2. Close Switch One. (Remove and isolate unnecessary loads from the 

diesels) 

a) Trips one of three high head safety injection pumps if all 

three are operating. (No action if two are operating) 

b) Trips both spray pumps 

c) Closes containment, isolation valves at spray pump discharge 

and isolates the spray additive tank.  

3. Close Switch Two (Establish cooling flow for residual heat 

exchangers) 

a) Starts one service water pump, conventional header 

b) Starts one component cooling pump 

4. Close Switch Three (Remove and isolate, unnecessary loads from the 

diesels)
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a) Trips both residual heat removal pumps 

b) Closes isolation valves at pump suction and discharge 

5. Close Switch Four (Initiate internal recirculation flow) 

a) Opens valves on discharge of recirculation pumps 

b) Starts recirculation pump A (If A fails to start, use 

manual start on Pump B) 

(Pump B control switch is adjacent to switch four) 

6. Close Switch Five (action nullified if only 2/3 diesels) (establish 

additional cooling capability if power permits) 

a) Starts second service water pump, conventional header 

b) If a) completed, starts second component cooling pump 

c) If b) completed, starts recirculation pump B 

7. Check Reactor Coolant System Pressure 

A. If pressure greater than 150 psig, close Switch Six then go 

to Switch Eight (Provide recirculation at elevated system 

pressure) 

a) Aligns-flow from residual heat exchanger to high head 

safety injection pumps 

B. If pressure is less than 150 psig, close Switch Seven then 

go to Switch Eight (Provides recirculation at low system 

pressure) 

a) Trips high head safety injection pumps
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8. Close Switch Eight (Complete safety injection pump and refueling 

water storage tank isolation) 

a) Close safety injection pumps minimum flow recirculation 

valves 

b) Complete the isolation of the flow path to the refueling 

water storage tank 

Although the listed switches are manual, each automatically causes the 

operations listed. An indicating lamp is provided to show the operator 

when the operations ofa given switch have been performed and when he 

should proceed with the next switching operation. In addition, lamps 

indicating completion of the individual functions for a given switch 

are provided. These lamps are adjacent to the switches. The time 

required to complete the switch over is just. the time for the switchgear 

to operate. Should an individual component fail to respond, the operator 

can take corrective action to secure appropriate response from controls 

within the control room.  

Remote operated valves for the injection phase of the Safety Injection 

System (Figure 6.2-1) which are under manual control, (that is, valves 

which normally are in their ready position and do not receive a safety 

injection signal) have their positions indicated on a common portion of 

the control board. At any timeduring operation when one of these valves 

is not in the ready position for injection, it is shown visually on the 

board. Reference is made to Table 6.2-12 which is a listing of the instrumentation 

readouts on the control board which the operator can monitor during recirculation.  

In addition, an audible annunciation alerts the operator to the condition.
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Location of the Major Components Required for Recirculation 

The residual heat removal pumps are located in the residual heat removal 

pump room which is below the basement floor of the primary auxiliary building 

(El. 15'1"). The residual heat exchangers are located on a platform 

above the basement floor of the containment building (El. 66').  

The recirculation pumps are located directly above the recirculation sump 

in the containment building (El. 46').  

The component cooling pumps and heat exchangers are located in the primary 

auxiliary building (El. 68' and 80' respectively).  

The service water pumps are located in the screenhouse and the redundant 

piping to the component cooling heat exchangers is run underground.  

Steam Break Protection 

A large break of a steam system pipe rapidly cools the reactor coolant 

causing insertion of reactivity into the core and depressurization of the 

system. Compensation is provided by injection of boric acid from the 

boron injection tank. The discharge line from the tank is aligned to the 

suction of the safety injection pumps. Redundant isolation valves open upon 

a safety injection signal, providing an injection of 20,000 ppm boron. This 

is sufficient to terminate the reactor power transient before any clad 

damage results. Before the boron injection tank is emptied, the'suction for 

the safety injection pumps switches automatically to the refueling water 

storage tank. The analysis of the steam line rupture accident is presented 

in Section 14.2.5.  

Components 

All associated components, piping, structures, and power supplies, of the 

Safety Injection System are designed to Class I seismic criteria.
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Pumps 

The three (high head) safety injection pumps for supplying borated water 

to the Reactor Coolant System are horizontal centrifugal pumps driven by 

electrical motors. Parts of the pump in contact with borated water are 

stainless steel or equivalent corrosion resistant material. A minimum 

flow bypass line is provided on each pump discharge to recirculate flow 

to the refueling water storage tank in the event the pumps are started 

with the normal flow paths blocked. Each safety injection pump is sized 

at 50% of the capacity required to meet the design criteria outlined in 

Section 6.2.1. The design parameters are presented in Table 6.2-4 and 

Figure 6.2-7 gives the performance characteristics of these pumps.  

The two residual heat removal (low head) pumps of the Auxiliary Coolant 

System are used to inject borated water at low pressure to the Reactor 

Coolant System. The two recirculation pumps are used to recirculate fluid 

from the recirculation sump and send it back to the reactor, the spray 

headers or to suction of the safety injection pumps. All four of these 

pumps are of the vertical centrifugal type, driven by electric motors.  

Parts of the pumps which contact the borated water and sodium hydroxide 

solution during recirculation are stainless steel or equivalent corrosion 

resistant material. A minimum flow bypass line is provided on the discharge 

of the residual heat exchangers to recirculate cooled fluid to the suction 

of the residual heat removal pumps should these pumps be started with their 

normal flow paths blocked. A minimum flow bypass, discharging back into 

the recirculaticn sump, is provided to protect the recirculation pumps should 

these flow paths be blocked. Figures 6.2-8 and 6.2-9 give the performance 

characteristics of these pumps. The design parameters are presented in 

Table 6.2.4.  

The safety injection pump bearings are cooled by booster pumps using component 

cooling water as a heat sink. The booster pumps are directly connected 

to the injection pump motor shaft. The pump seals are designed to operate 

at accident conditions without cooling water.
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The recirculation pump motors are enclosed fan cooled. The air is cooled 

by coils utilizing component cooling water and two auxiliary component 

cooling pumps located outside the containment. During recirculation the 

sump water cools the pump bearings. The two auxiliary component cooling 

pumps are started during the injection phase and either is capable of protecting 

the recirculation pump motors from the containment temperature conditions. The fans 

are directly connected to the recirculation pump motor shafts. The 

auxiliary component cooling pumps are a part of the component cooling water 

system and pump data is provided in Section 9. The component cooling water 

volume constitutes a large heat sink so that the main component cooling pumps 

are not needed during the injection phase.  

Details of the component cooling pumps and service water pumps, 

which serve the Safety Injection System, are presented in Section 9.  

The pressure containing parts of the pumps are castings conforming to 

ASTM A-351 Grade CF8 or CF8M. Stainless steel forgings are procured per 

ASTM A-182 Grade F304 or F316 or ASTM A-336, Class F8 or F8M, and stainless 

plate is constructed to ASTM A-240, Type 304 or 316. All bolting material 

conforms to ASTM A-193. Materials such as weld-deposited Stellite or 

Colmonoy are used at points of close running clearances in the pumps to 

prevent galling and to assure continued performance ability in high velocity 

areas subject to erosion.  

All pressure containing parts of the pumps are chemically and physically 

analyzed and the results are checked to ensure conformance with the applicable 

ASTM specification. In addition, all pressure containing parts of the 

pump are liquid penetrant inspected in accordance with Appendix VIII of 

Section VIII of the ASME Boiler and Pressure Vessel Code. The acceptance 

standard for the liquid penetrant test is USAS B31.1, Code for Pressure 

Piping, Case N-10.  

The pump design is reviewed with special attention to the reliability and 

maintenance aspects of the working components. Specific areas include 

evaluation of the shaft seal and bearing design to determine that adequate
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T

of one-half, of a set of packing above the lantern ring; a full set of packing 

is defined as a depth of packing equal to 1-1/2 times the stem diameter.  

The experience with this stuffing box design and theselection of packing 

and stem materials has been very favorable in both conventional and nuclear 

power plants.  

The motor operator is extremely rugged and is noted throughout the power 

industry for its reliability. The unit incorporates a "hammer blow" feature 

that allows the motor to impact the discs away from the fore or backseat 

upon opening or closing. This "hammer blow" feature not only impacts 

the disc but allows the motor to attain its operational speed.  

The valve is assembled, hydrostatically tested, seat-leakage tested (fore 

and back), operationally tested, cleaned and packaged per specifications.  

All manufacturing procedures employed by the valve supplier such as hard 

facing, welding, repair welding and testing are submitted to Westinghouse 

for approval.  

For those valves which must function on the safety injection signal, 10 

seconds operation is required. For all other valves in the system, the 

valve operator completes its cycle from one position to the other in 120 

seconds.  

Valves which must function against system pressure are designed such that 

they function with a pressure drop equal to full system pressure across 

the valve disc.  

Manual Valves 

The stainless steel manual globe, gate and check valves are designed and 

built in accordance with the requirements outlined in the motor operated 

valve description above.
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The carbon steel valves are built to conform with USAS B16.5. The materials 

of construction of the body, bonnet and disc conform to the requirements 

of ASTM A105 Grade II, A181 Grade II or A216 Grade WCB or WCC. The carbon 

steel valves pass only non-radioactive fluids and are subjected to hydrostatic 

test as outlined in MSS SP-61 except that the test pressure is maintained 

for at least 30 minutes per inch of wall thickness. Since, the fluid 

controlled by the carbon steel valves is not radioactive, the double packing 

and seal weld provisions are not provided.  

Accumulator Check Valves 

The pressure containing parts of this valve assembly are designed in accordance 

with MSS SP-66. All parts in contact with the operating fluid are of 

austenitic stainless steel or of equivalent corrosion resistant materials 

procured to applicable ASTM or WAPD specifications. The cast pressure

containing parts are radiographed in accordance with ASTM E-94 and the 

acceptance standard as outlined in ASTM E-71. The cast pressure-containing 

parts, machined surfaces finished hard facings, and gasket bearing surfaces 

are liquid penetrant inspected per ASME B&PV Code, Section VIII and the 

acceptance standard is as outlined in USAS B31.1 Code Case N-10. The 

final valve is hydrotested per MSS SP-66 except that the test pressure 

is maintained for at least 30 minutes. The seat leakage is conducted 

in accordance with the manner prescribed in MSS SP-61 except that the 

acceptable leakage is 2cc/hr/in, nominal pipe diameter.  

The valve is designed with a low pressure drop configuration with all operating 

parts contained within the body, which eliminates those problems associated 

with packing glands exposed to boric acid.: The clapper arm shaft is manufactured 

from 17-4 PH stainless steel heat treated to Westinghouse Specifications.  

The clapper arm shaft bushings are manufactured from Stellite No. 6 material.  

The various working parts are selected for their corrosion resistant, tensile, 

and bearing properties.  

The disc and seat rings are manufactured from a forging. The mating surfaces 

are hard faced with Stellite No. 6 to improve the valve seating life. The 

disc is permitted to rotate, providing a new seating surface after each 

valve opening.
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a) Conventional globe - 3cc/hr/in. of nominal pipe size

b) Gate valves - 3cc/hr/in. of nominal pipe size; 10/cc/hr/in for 

300 and 150 pound USA Standard 

c) Motor-operated gate valves - 3 cc/hr/in, of nominal pipe size: 

10/cc/hr/in for 300 and 150 pound USA Standard 

d) Check valves - 3 cc/hr/in, of nominal pipe size; 10/cc/hr/in 

for 300 and 150 pound USA Standard 

e) Accumulator check valves - 2 cc/hr/in, of nominal pipe size; 

Relief valves are totally enclosed 

Leakage from components of the recirculation loop including valves, is 

tabulated in Table 6.2-10.  

Piping 

All Safety Injection System piping in contact with borated water is 

austenitic stainless steel. Piping joints are welded except for the flanged 

connections at the safety injection pumps and recirculation pumps.
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The piping beyond the accumulator stop valves is designed for Reactor Coolant 

System conditions (2485 psig, 650*F). All other piping connected to the 

accumulator tanks is designed for 700 psig and 400
0F.  

The safety injection pump and residual heat removal pump suction piping 

(210 psig at 300*F) from the refueling water storage meets NPSH (net positive 

suction head) requirements of the pumps.  

The safety injection high pressure branch lines (1500 psig at 300
0F) are 

designed for high pressure losses to limit the flow rate out of the branch 

line which may have ruptured at the connection to the reactor coolant loop.  

The system design incorporates the ability to isolate the safety injection 

pumps on separate headers such that full flow from at least one pump is 

ensured should a branch line break.  

The piping is designed to meet the minimum requirements set forth in (1) 

the USAS B31.1 Code for the Pressure Piping, (2) Nuclear Code Case N-7, 

(3) USAS Standards B36.10 and B36.19 and (4) ASTM Standards, and (5) supplementary 

standards plus additional quality control measures.  

Minimum wall thicknesses are determined by the USAS Code formula found 

in the power piping Section 1 of the USAS Code for Pressure Piping. This 

minimum thickness is increased to account for the manufacturer's permissible 

tolerance of minus 12-1/2 per cent on the nominal-wall. Purchased pipe 

and fittings have a specified nominal wall thickness that is no less than 

the sum of that required for pressure containment, mechanical strength 

and manufacturing tolerance.  

Thermal and seismic piping flexibility analyses are performed. Special 

attention is directed to the piping configuration at the pumps with the 

objective of minimizing pipe imposed loads at the suction and discharge 

nozzles. Piping is supported to accommodate expansion due to temperature 

changes during the accident.
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Pipe and fittings materials are procured in conformance with all requirements 

of the ASTM and USAS specifications. All1 materials are verified for conformance 

to specification and documented by certification of compliance to ASTM 

material requirements. Specifications impose additional quality control 

upon the suppliers of pipes and fittings as listed below.  

a) Check analyses are performed on both the purchased pipe and fittings.  

b) -Pipe branch lines between the reactor coolant pipes and the isolation 

stop valves conform to ASTM A376 and meet the supplementary require

ment S6 ultrasonic testing.  

c) Fittings conform to the requirements of ASTM A403. Fittings 3 inch 

and above have requirements for UT inspection similar to S6 of A376.  

Shop fabrication of piping subassemblies is performed by reputable suppliers 

in accordance with specifications which define and govern material procurement, 

detailed design, shop fabrication, cleaning, inspection, identification, 

packaging and shipment.  

Welds for pipes sized 2-1/2" and larger are butt welded. Reducing tees 

are used where the branch size exceeds 1/2 of the header size. Branch 

connections of sizes that are equal to or less than 1/2 of the header size 

are of a design that conforms to the USAS rules for reinforcement set forth 

in the USAS B31.1 Code for Pressure Piping. Bosses for branch connections 

are attached to the header by means of full penetration welds.  

All welding is performed by welders and welding procedures qualified in 

accordance with the ASME Boiler and Pressure Vessel Code Section IX, Welding 

Qualifications.. The Shop Fabrication is required to submit all welding 

procedures and evidence of qualifications for review and approval prior 

to release for fabrication. All welding materials used by the Shop Fabricator 

must have prior approval.
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All high pressure piping butt welds containing radioactive fluid, at greater 

than 600*F temperature and 600 psig pressure or equivalent, are radiographed.  

The remaining piping butt welds are randomly radiographed. The technique 

and acceptance standards are those outlined in UW-51 of the ASME B&PV Code 

Section VIII. In addition, butt welds are liquid penetrant examined in 

accordance with the procedure of A SME B&PV Code, Section VIII, Appendix 

VIII and the acceptance standard as defined in the USAS Nuclear Code Case 

N-10. Finished branch welds are liquid penetrant examined on the outside 

and where size permits, on the inside root surfaces.  

A post-bending solution anneal heat treatment is performed on hot-formed 

stainless steel pipe bends. Completed bends are then completely cleaned 

of oxidation from all affected surfaces. The shop fabricator is required 

to submit the bending, heat treatment and clean-up procedures for review 

and approval prior to release for fabrication.  

General cleaning of completed piping subassemblies (inside and outside 

surfaces) is governed by basic ground rules set forth in the specifications.  

For example, these specifications prohibit the use of hydrochloric acid 

and limit the chloride content of service water and demineralized water.  

Packaging of the piping subassemblies for shipment is done so as to preclude 

damage during transit and storage. Openings are-closed and sealed with 

tight-fitting covers to prevent entry of moisture and foreign material.  

Flange facings and weld end preparations are protected from damage by 

means of wooden cover plates and securely fastened in position. The packing 

arrangement proposed by the shop fabricator is subject to approval.  

Pump and Valve Motors 

Motors Outside the Containment 

Motorelectrical insulation systems are supplied in accordance with USAS, 

IEEE and NEMA standards and are tested as required by such standards.
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TABLE 6.2-5

PUMP PARAMETERS 

Safety Injection Pump Design Parameters

Number 

Design pressure, discharge, psig 

Design pressure, suction, psig 

Design temperature, OF 

Design flow rate, gpm 

Max. flow rate, gpm 

Design head, ft 

Shutoff head, ft 

Material 

Motor H.P.

Type

3 

1,750 

250 

300 

400 

650 

2,500 

3,500 

11 - 13'Chrome 

400

Horizontal centrifugal

Recirculation Pump Design Parameters 

Number of pumps 

Type 

Design pressure, discharge, psig 

Design temperature, OF 

Design flow, gpm 

Design head, ft.  

Material 

Maximum flow rate, gpm 

Shutoff head, ft 

Motor H.P.  

Type

2 

Vertical centrifugal 

300 

300 

3000 

350 

Austenitic stainless steel 

4000 

495 

350 

Vertical centrifugal
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TABLE 6.2-5 (Continued) 

Residual Heat Removal Pump Design Parameters

Number of pumps 

Type 

Design pressure, discharge, psig 

Design temperature OF
.  

Design flow, gpm 

Design head, ft.  

Material

Maximum flow rate, gpm 

Shutoff head, ft.  

Motor H.P.  

Type

2 

Vertical centrifugal 

600 

400 

3000 

350 

Austenitic Stainless 

steel 

5500 

390 

400 

Vertical centrifugal
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Flow Path 

Low Head Recirculation 

From recirculation sump to low 
head injection header via the 
recirculation pumps and the 
residual heat exchangers.

High Head Recirculation 

From recirculation pump to high 
head injection header via the re
circulation pumps, one of the two 
residual heat exchangers and the 
high head injection pumps.

TABLE 6.27* 

LOSS OF RECIRCULATION 'OW PATH 

Indication of Loss 
of flow-pathi 

1. No flow in low head
injection branch headers.  
(one flow monitor in main 
header, two flow monitors 
in branch headers).  

2. No flow in low head 
injection header (three 
flow monitors).

1. No flow in high head injection 
header (four flow monitors and 
one pressure monitor) a.

Alternative Flow Path

From recirculation sump to high head 
injection header via the recirculation pumps, 
one of the two residual heat exchangers 
and the safety injection pumps.  

a. From containment sump to discharge 
header of the residual heat exchangers 
via the residual heat removal pumps.  

b. If flow not established in low head 
injection header - as (a), except 
path is from discharge of one residual 
heat exchanger to the high head injection 
header via the safety injection pumps.

From containment sump to high head 
injection header via the residual heat 
removal pumps, one of the two residual 
heat exchangers and the high head 
injection pumps.

b. If flow is not established in high head 
injection header-as (a) except path is 
from discharge of the residual heat 
removal pumps to the high head injection 
pumps via the middle safety injection 
pump (by passing the residul heat 
exchangers*).  

NOTE: As shown on Figure 6.2-1, there are valves at all locations where alternative flow paths are provided.  

~In this recirculation mode, water is returned to the core without being cooled by the residual heat excha .ngers.  
Heat is removed from the core by boil-off of the water to the containment; heat is then removed from the 
containment by either the containment fan coolers or/and the containment spray system (using cooled water from 
the recirculation sump via the recirculation pumps and one residual heat exchanger) 
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0
Indication of Loss 
of Flow Path

2. Flow in only one of the 
two high-head injection 
branch headers (two flow 
monitors per branch 
header).

Alternative Flow Path

a. as l(b) except that flow from the 
middle safety injection pump is only 
supplied to the unbroken branch header.

NOTE: As shown on Figure 6.2-1, there are valves at all locations where alternative flow paths are provided.

N-12
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TABLE 6.2-13

QUALITY STANDARDS OF SAFETY INJECTION SYSTEM COMPONENTS 
RESIDUAL HEAT EXCHANGER 

A. Tests and Inspections 

1. Hydrostatic Test 

2. Radiograph of longitudinal and girth welds (tube side only) 

3. UT of tubing or eddy current tests 

4. Dye penetrant test of welds 

5. Dye penetrant test of tube to tube sheet welds 

6. Gas leak test of tube to tube sheet welds before hydro 

and expanding of tubes 

B. Special Manufacturing Process Control 

1. Tube to tube sheet weld qualifications procedure 

2. Welding and NDT and procedure review 

3. Surveillance of supplier quality control and product 

COMPONENT COOLING HEAT EXCHANGER 

A. Tests and Inspections 

1. Hydrostatic Test 

2. Dye penetrant test of welds 

B. Special Manufacturing Process Control 

1. Welding and NDT and procedure review 

2. Surveillance of supplier quality control and product 

SAFETY INJECTION, RECIRCULATION AND RESIDUAL HEAT REMOVAL 
PUMPS 

A. Tests and Inspections 

1. Performance Test 

2. Dye penetrant of pressure retaining parts 

3. Hydrostatic test
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TABLE 6.2-13 (Cont'd) 

B. Special Manufacturing Process Control 

1. Weld, NDT and inspection procedures for review 

2. Surveillance of suppliers quality control system and product 

ACCUMULATORS 

A. Tests and Inspections 

1. Hydrostatic test 

2. Radiography of longitudinal and girth welds 

3. Dye penetrant/magnetic particle of weld 

B. Special Manufacturing Process Control 

1. Weld, fabrication, DNT and inspection procedure review 

2. Surveillance of suppliers quality control and product 

VALVES 
~0 

A. Tests and Inpsections 

(a) 200 psi and 200°F or below (cast or bar stock) 

1. Dye Penetrant Test 

2. Hydrostatic Test 

3. Seat Leakage Test 

(b) Above 200 psi and 200°F 

(i) Forged Valves 

1. UT of billet prior to forging 

2. Dye penetrant 100% of accessible areas after forging 

3. Hydrostatic Test 

4. Seat Leakage Test 

(ii) Cast Valves 

1. Radiograph 100%* 

2. Dye Penetrant all accessible areas* 

3. Hydrostatic Test 

4. Seat Leakage
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TABLE 6.2-13 (Cont'd) 

(c) Functional Tests Required for: 

1. Motor Operated Valves 

2. Auxiliary Relief Valves 

B. Special Manufacturing Process Control 

1. Weld, NDT, performance testing, assembly and inspection 

procedure review 

2. Surveillance of suppliers quality control and product 

3. Special Weld process procedure qualification (e.g. hard facing) 

* For valves with radioactive service only
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TABLE 6.2-13 (Cont'd) 

PIPING 

A. Tests and Inspections 

Class 1501 and below 

Seamless or welded. If welded 100% radiography is required, Shop 

Fabricated and field fabricated pipe weld joints are inspected as 

follows: 

2501R - 601R - 100% radiographic inspection and penetrant examination 

301R - 151R - 10% random radiographic inspection 

301R - 151R - 100% liquid penetrant examination 

B. Special Manufacturing Process Control 

Surveillance of suppliers quality control and product.
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The air recirculation filtering capacity used to satisfy the design basis is 

determined for the following conditions: 

a) Containment leak rate of 0.1% per day.  

b) Conservative meteorology corrected for building wake effects.  

c) No filtration of organic iodine. This assumes no credit for the demonstrated 

ability to filter organic forms of iodine at high relative humidity with 

the highly activated coconut charcoal.  

d) Fission product release to the containment per TID 14844 at a power level 

of 3216 MWt. This assumes no credit for safety injection in limiting 

fission product release.  

e) Partical effectiveness of the filtration equipment. This assumes two of the 

five installed charcoal filter units are unavailable at the time of the 

loss of coolant.  

In addition to the design basis specified above, the following objectives are 

met to provide the engineered safety features functions: 

a) Each of the five fan-cooler units is capable of transferring heat at the 

rate of 21,200 Btu/sec. (76.32 x 106 Btu/hr) from the containment atmosphere 

at the post-accident design conditions, i.e., a saturated air-steam mixture 

at 47 psig 2710 F. This heat transfer rate is that assigned to the fan-cooler 

units in the analysis of containment and related heat removal system 

capability in Section 14.
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The establishment of basic heat transfer design parameters for the cooling 

coils of the fan-cooler units, and the calculation by computer of'the 

overall heat transfer capacity are discussed in Section 14. Among the topics 

covered are selection of the tube side fouling factor, effect of air side 

pressure drop, effect of moisture entrainment in the air steam mixture entering 

the fan-coolers, and calculation of the various air side to water side heat 

transfer resistances.  

b) In removing heat at the design basis rate, the coils are capable of discharging 

the resulting condensate without impairing the flow capacity of the unit 

and without raising the exit temperature of the service water to the boiling 

point. Since condensation of water from the air-steam mixture is the 

principal mechanism for removal of heat from the post-accident containment 

atmosphere by the cooling coils, the coil fins will operate as wetted surfaces 

under these conditions. Entrained water droplets added to the air-steam 

mixture, such as by operation of the containment spray system, will therefore 

have essentially no effect on the heat removal capability of the coils.  

c) Each of the five air handling units is equipped with a moisture separator 

and high efficiency particulate air (HEPA) filters rated for full unit 

flow. The latter are capable of 90% removal effcciency for 0.3p particles 

at the post-accident conditions.
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d) Each of the five air handling units is capable of supplying air to 

separate carbon-bed filter units following an accident for fission 

product iodine removal. The design flow rate through each carbon filter 

unit is 65,000 cfm, at a face velocity of approximately 50 fpm. These 

units are designed-to remove at least 90% of the incident molecular 

(elemental) iodine (I2 and 70% of the incident radioactive iodine 

in the form of methyl iodide (CH3I1). These are the iodine removal 

efficiencies assumed in the analysis of containment capability to retain 

fission product iodine under the post-accident design conditions in 

Section 14.  

In addition to the above design bases, the Containment Air Recirculation 

Cooling and Filtration System is designed to possess sufficient margin to 

withstand an over-rated condition of 70.5 psig and -298'F for one hour without 

loss of operability. No specific criteria for heat removal or air cleaning 

capability are applied at the over-rated condition. The equipment is designed 

to operate at the post-accident conditions at 47-psig and 271'F for three 

hours, followed by operation in an air-steam atmosphere at 20 psig, 219'F 

for an additional 21 hours. The equipment design will permit subsequent 

operation in an air-steam atmosphere at 5 psig, 152*F for an indefinite-period.  

All components are capable of withstanding or 'are protected from differential 

pressures which may occur during the rapid pressure rise to 47 psig in ten 

(10) seconds.  

Portions of other systems which share functions and become part of this con

tainment cooling system when required are designed to meet the criteria of 

this section. Neither a single active component failure in such systems 

during the injection phase nor an active/passive failure during the recirculation 

phase will degrade the design heat removal capability of containment cooling.  

Where portions of these systems are located outside of containment, the following 

features are incorporated in the design for operation under post-accident 

conditions:
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a) Means for isolation of any section

b) Means to detect and control radioactivity leakage into the environs, 

to the limits consistent with guidelines set forth in 10 CFR 100.  

6.4.2 SYSTEM DESIGN AND OPERATION 

The Flow Diagram of the Containment Air Recirculation Cooling and Filtration 

System is shown in Figure 6.4-1.  

Individual system components and their supports meet the requirement for ' 

Class I (Seismic) structures and each component is mounted to isolate it 

from fan vibration.  

Containment Cooling System Characteristics 

The air recirculation system consists of five 20% capacity air handling units, 

each including a motor, fan, cooling coils, moisture separator, roughing filters 

and HEPA filters, duct distribution system, instrumentation and controls.  

The units are located on the intermediate floor between the containment wall 

and the primary compartment shield walls. In addition, each of the five air

handling units is equipped with an activated charcoal filter unit, normally 

isolated from the main air recirculation stream. The air flow (air-steam 

mixture) is bypassed through the charcoal filter units to remove volatile 

iodine following an accident.  

Each fan is designed to supply 65,000 cfm at approximately 22.8" s.p., 271'F, 

0.175 lb/ft 3 density. The fans are direct driven, centrifugal type, and 

the coils are plate fin-tube type. Each air handling unit is capable of removing 

76.32 x 106 Btu/hr from the containment atmosphere under accident conditions.  

2000 gpm of service (cooling) water is supplied to each unit during accident 

conditions. The design maximum river water inlet temperature is 85*F which 

results in a maximum outlet temperature of 1610 F.
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The butterfly valves on each air handling unit can be operated periodically 

to assure continued operability. The degree of leak tightness of the 

valves will be established by test at the time of installation.  

System Testing 

Each fan cooling unit will be tested after installation for proper flow 

and distribution through the duct distribution system. Four of the fan 

cooling units are used during normal operation. (Five will only be required 
for normal operation at design conditions i.e., when the service water 

inlet temperature is 85°F and this condition is expected to exit only 

for relatively short periods, if at all). The fan not inluse can be started 
from the control room to verify readiness. The butterfly valves directing 

flow through the charcoal filter banks will be tested only when the fan 

is not running.  

After reinstallation, following testing, the filter charcoal units will 

be tested in place by aerosol injection to determine integrity of the 

flow path.  

Operational Sequence Testing 

The test described in 6.2.5 will demonstrate proper transfer and sequencing 

of the fan motor supplies from the diesel generators in the event of loss 

of power. A test signal will be used to demonstrate proper valve motion 
and fan starting prior to installation of the charcoal filters. This 

test will verify proper functioning of the vane-switch flow indicators.
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TABLE 6.4-1

SINGLE FAILURE. ANALYSIS - CONTAINMENT AIR RECIRCULATION 
COOLING AND FILTRATION SYSTEM

Component

A. Containment 
Cooling Fan 

B. Nuclear Service 
Water Pumps

Malfunction 

Fails to start 

Fails to start

Comments and Consequences 

Five provided.  
Evaluation based on 
three fans in operation 
and one containment 
spray pump operating during 
the injection phase.  

Three provided. Two 
required for operation.

C. Automatically Operated 
Valves:
(Open on automatic 
safeguards sequence)-

1) Charcoal filter 
compartment 
butterfly valves 

2) Nuclear service 
water discharge 
line isolation 
valve

Fails to open 

Fails to open

Five filters provided.  
Evaluation based 
on three filters in 
operation and one 
containment spray pump 
in operation during the 
injection phase.  

Two provided.  
Operation of one required.



6.6 CONTAINMENT PENETRATION AND.WELD CHANNEL PRESSURIZATION SYSTEM 

6.6.1 DESIGN BASES 

The Containment Penetration and Weld Channel Pressurization System provides 

means for continuously pressurizing the positive pressure zones incorporated 

into the containment penetrations and the channels over the welds in the 

steel inner liner in the event of a loss-of-coolant accident. Although 

no credit is taken for system operation in calculation of off-site accident 

doses, it is designed as an engineered safety feature and does provide 

assurance that the containment leak rate in the event of an accident is 

lower than that assumed in the accident analysis.  

In addition, the system is designed to provide a means for determining 

the leak-tightness of the containment in a more sensitive and accurate 

manner than the conventional integrated leak rate test, thereby reducing the 

frequency for performing integrated leak rate tests once the plant is 

in operation, except after major modifications or maintenance.  

6.6.2 SYSTEM DESIGN AND OPERATION 

System Description 

The Containment Penetration and Weld Channel Pressurization System is 

shown in Figure 6.6-1. A regulated supply of clean and dry compressed air 

from either of the plant's 100 psig compressed air systems located outside 

the containment is supplied to all containment penetrations and inner liner 

weld channels. The system maintains a pressure' in excess of containment 

design pressure continuously during all reactor operations thereby ensuring 

that there will be no out-leakage of the containment atmosphere through the 

penetrations and liner welds during an accident. Typical piping and 

electrical penetrations are described in Section 5.
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The primary source of air for this system is the instrument air system 

(Section 9). Two instrument and control air compressors are used, although 

only one is required to maintain pressurization at the maximum allowable 

leakage rate of the pressurization system.  

The plant air compressors act as a backup to the instrument and control 

air compressors (Section 9) for added reliability. One plant air-compressor 

is available.  

A standby source of gas pressure for the system is provided by a bank 

of nitrogen cylinders. The associated nitrogen system will automatically deliver 

nitrogen at a slightly lower pressure (approximately 50 psi) than the normal 

regulated air supply pressure of approximately 52 psig. Thus, in the event of 

failure of the normal and backup air supply systems during periods when 

the system is in operation, the penetration and weld channel pressure 

requirements will be automatically maintained by the nitrogen supply.  

This* assures reliable pressurization under both normal and accident 

conditions.  

Containment penetrations and liner weld channels are grouped into four 

independent zones to simplify the process of locating leaks during operation.  

Each such zone is served by its own air receiver. In the event that 

all normal and backup air supplies are lost, each of the four pressurization 

system zones continues to be supplied with air from its respective air 

receiver. Each of the air receivers, Table 6.6-1, is sized to supply 

air to its pressurized zone for a period of at least four hours, based 

on a leakage rate of 0.2% of the containment free volume per day (0.1% 

leakage into the containment and 0.1% leakage to the environment).  

If the receivers become exhausted before normal and backup air supplies 

can be restored, nitrogen from the bank of pressurized cylinders will 

be supplied to the affected zones. The nitrogen bank is sized to provide

6.6-2



Total leakage from penetrations and weld channels is measured by summing 

the recorded flows in each of the four pressurization zones. A leak would 

be expected to build up slowly and would therefore be noted before design 

leakage limits are exceeded. Therefore, remedial action can be taken 

before the limit is reached.  

In order to provide facility for testing the larger penetrations, branch 

pressurizing lines are provided from one of the zones to: 

a) The double-gasketed space on each hatch of the personnel air lock.  

b) The double-gasketed space at the equipment hatch flange.  

c) The pressurized zones in the spent fuel transfer tube.  

d) The spaces between the two butterfly valves in the purge supply 

and exhaust ducts.  

e) The two spaces between the three butterfly valves in the containment 

pressure relief line.  

f) The spaces between double containment isolation valves in the steam 

jet air ejector return line to containment and in the containment rad

iation monitor inlet and outlet lines.  

The make up air flow to the penetrations and liner weld joint channels 

during normal operation is recognized to be only an indication of the 

potential leakage from the containment. However, it does indicate the 

leakage from the pressurization system, and the degree of accuracy will 

be increased when correlated with the results of the full scale contain

ment leak rate tests. The criteria for selection of operating limits 

for air consumption of the pressurization system are based upon the integrated 

containment leak rate test acceptance criterion and upon the maintenance 

of suitable reserve air supplies in the static reserves consisting of the 

air receivers and nitrogen cylinders. A summary of these operating limits 

is as follows:
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i. A base-line air consumption rate shall be established for each of 

the four pressurization headers at the time of successful completion 

of the integrated containment leak rate tests. Unexplained increases 

from this consumption rate shall be considered as reason for concern 

and normal practice will require routine investigation and location 

of the point of leakage.  

2. The upper limit for long-term uncorrected air consumption for the 

pressurization system'shall be 0.2% of the containment volume per 

day (sum of four headers). This is consistent with maintenance of 

a minimum 24 hours supply in the reserve nitrogen cylinders.  

3. The upper limit for short-term air consumption for the pressurization 

system shall be 0.5% of the containment volume per day, contingent 

on the following: 

a) Pressure in all pressurization zones is maintained above incident 

pressure.  

b) Air supply is maintained from the compressed air systems with 

compressors running.  

c) The full complement of standby nitrogen cylinders (3) is charged, 

assuring an aggregate gas supply sufficient for at least 24 hours 

of operation.  

The preoperational leak rate test program consists of two integrated leak 

tests at 47 psig and a repeat of each of these tests at a lower pressure.  

All of these tests use the reference volume technique.
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The first phase of the 47 psig test will be performed with all the 

pressurized zones in the penetrations and weld seam channels open to 

the containment atmosphere. This test must show that the total 

integrated leakage from the containment through the liner weld seams 

and through the penetration outer containment plates is no greater 

than 0.1% of the containment volume per day. The second phase of this 

test will be essentially a repeat of the first phase but will have 

all pressurized zones vented to the atmosphere outside the containment.  

This portion of the test must demonstrate that the total leakage through 

the welded seams between the liner and the liner channels and through 

the penetration inue. containment plates is no greater than 0.1% of the 

containment volume per day. Thus the air consumption of the pressurization 

system should not exceed 0.2% of the containment volume per day, as 

measured at pressurization system operating pressure.  

A variable area flow sensing device is located in each of the headers 

supplying make up air to the four pressurization zones. Signal output 

from each of the four flow sensors is applied to an integrating recorder 

located in the control room. Output from all sensors is also applied to 

a summing amplifier which drives a total flow recorder. A short term 

leakage rate alarm and a long term leakage rate are also derived in the 

recording channel, to alert the operator in the control room. With this 

instrumentation, the flow measurement accuracy is within + 1% and the 

reproducibility of 0.3%. Since a flow of 0.2% of the containment volume 

per day at 47 psig is approximately 3.6 ft 3/minute, the sensitivity of 

the flowmeters is well within the maximum leakage of the pressurization 

system. The full scale pre- and post-operational integrated leak rate 

tests will indicate the true leak rates from the penetrations, liner 

welds, and liner weld joint channels.
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TABLE 6.6-1 

CONTAINMENT PENETRATION AND WELD CHANNEL 

PRESSURIZATION AIR RECEIVERS

Number 

Volume, (each) ft
3 

Material 

Design pressure, psig 

Design temperature, OF 

Operating pressure, psig 

Operating temperature, 0F 

Code

360 

ASTM A-285-C 

140 

200 

100 

100 

ASME UPV (Sect. VIII)



Overpower Protection 

In addition to the high power range nuclear flux trips, a overpower 

AT trip is provided (2 out of 4 logic) to limit the maximum overpower.  

This trip is modified by an axial power distribution function of the following 

form: 

dT 
avg 

ATset point K4 -K5 dt - f (q) 

where 

q= signal for upper half of long ion chamber 

q= signal from lower half of long ion chamber 

K 4= set point bias ('F) 

K 5= constant 

Four long ion chamber pairs are provided and each one independently feeds 

a separate overpower AT trip channel. Thus, a single failure neither 

defeats the function nor causes a spurious trip. The reset function is 

only in the direction of decreasing the trip setpoint; it cannot 

increase the setpoint. As shown above, if the difference between the 

top and bottom detectors exceeds a preset limit indicative of excess 

power generation in either half of the core, a proportional signal is 

transmitted to the overpower AT trip to reduce its setpoint.  

In addition, a rod stop function and turbine runback function is provided 

in the form:
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ATrod stop = Ttrip - Bp

B = set point bias (*F) with a programmed turbine runback until P 

AT trip <ATrod stop 

This function serves to maintain essentially a constant margin to trip 

and give the operator the opportunity to adjust the part length rods 

to reshape the flux before a reactor trip occurs.  

Overtemperature Protection 

A second AT trip (2 out of 4 logic) provides an overtemperature trip 

which is a function of coolant average temperature and pressurizer 

pressure derived as follows: 

AT trip = K1 - K2 Tavg + K3P - f (q) 

where 

T = reactor coolant average temperature, two measurements in avg 

each loop 

P = pressurizer pressure, four independent measurements 

K = set point bias ('F) 

K2, 3  = constants based on the effect of temperature and pressure 

on the DNB limits 

f (q) = same reset function described above in conjunction with the 

overpower AT trip 

A similar rod stop.and turbine runback function is provided in the form: 

ATrod stop - ATtrip - BT 

BT = set point bias (*F)
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REACTOR TRIP 

1. Manual 

2. Overpower r

TABLE 7.2-1 

LIST OF REACTOR TRIPS & CAUSES OF ACTUATION OF: ENGINEERED SAFETY FEATURES, CONTAINMENT 
AND STEAM LINE ISOLATION & AUXILIARY FEEDWATER 

COINCIDENCE CIRCUITRY AND INTERLOCKS COME 

1/2, no interlocks 

nuclear flux 2/4 High and lom

1ENTS

settings; manual
block and automatic reset of 
low setting by P-10 Permissive 
10, Table 7.2-2

Overtemperature AT 

Overpower AT 

Low pressurizer pressure 

High pressurizer pressure 
(fixed set point) 

High pressurizer water level 

Low reactor coolant flow 

Reactor coolant pump breaker 

Undervoltage on reactor coolant 
pump bus

2/4, 

2/4, 

2/4, 

2/3,

no interlocks 

no interlocks 

blocked by P-7 

no interlocks

2/3, blocked by P-7 

2/3, per loop blocked by 
P-7, P-8 
1/1, per loop, blocked by 
P-7, P-8 

2/4 blocked by P-7 Reactor coolant pump breaker is 

tripped on underfrequency

9. Safety injection signal (Actuation) 1/3, (pairs of low pressurizer pressure 
and low pressurizer water level, manual 
block permitted by 2/3 low pressurizer 
pressure): or 2/3 high containment pressure 
(Hi level): or 2/3 high differential 
pressure between any two steam generators: 
or manual 1/2: or 2/4 high steam flow 
(Blocked by 3/4 high T and 3/4 high 
steam pressure). avg



REACTOR TRIP

10. Turbine-generator 
(Low auto stop oil pressure signal) 

11. Low feedwater flow 

12. Low-low steam generator water level 

13. High intermediate range nuclear flux 

14. High source range nuclear flux 

CONTAINMENT ISOLATION ACTUATION 

15. Safety Injection Signal (Phase A)

16. Containment pressure (Phase B) 

17. High containment activity

TABLE 7.2-1 (Continued) 

COINCIDENCE CIRCUITRY AND INTERLOCKS 

2/3, blocked by P-7 

2/3 steam/feedwater flow mismatch in 
coincidence with 1/2 low steam generator 

water level per loop 

2/3, per loop 

1/2, manual block permited by P-1O 

1/2, manual block permitted by P-6, 

also blocked by P-10

See Item 9

Coincidence of two 2/3 containment 
pressure (Hi-Hi pressure,same signal 
which actuates containment spray), 
or manual 2/2 

High activity signal, from air 
particulate detector or radiogas 
detector. (1/2)

COMMENTS

Manual block and automatic reset

Actuates all non-essential 
service containment isolation 
trip valves and actuates Isolation 
Valve Seal Water System 

Actuates all essential service 
containment isolation trip 
valves 

This additional signal closes 

containment purge supply, 
exhaust ducts and pressure 

relief duct only.

ENGINEERED SAFETY FEATURES ACTUATION 

18. Safety injection signal (S) 

19. Containment spray signal (P)
....1.

See Item 9 

Coincidence of two 2/3 containment 
pressure (Hi-Hi pressure); or manual 2/2

0



TABLE 7.2-1 (Continued)

REACTOR TRIP.

20. Spray additive valves

ENGINEERED SAFETY FEATURES ACTUATION 

21. Containment air recirculation 
cooling and filtration signal 

22. Isolation valve seal water signal

COINCIDENCE CIRCUITRY AN~D INTERLOCKS.  

Coincidence of two 2/3 containment pressure 
(Hi-Hi pressure, same signal which actuates 
containment spray)

Safety injection signal initiates starting 
of all fans in accordance with the Safety 
Injection Starting Sequence, 2/3 high con
tainment pressure or manual 1/2 

Safety injection signal

STEAM LINE ISOLATION ACTUATION

23. Steam flow

24. Containment pressure

25. Manual

AUXILIARY FEEDWATER ACTUATION 

26. Turbine driven pump 

27. Motor driven pumps

Coincidence of high steam flow in 2/4 
lines (blocked by 3/4 high T and 3/4 
high steam pressure); avg 

2/3 high containment pressure signals 
(Hi pressure), 2/3 high-high containment 
pressure

1/1 per steam line

Coincidence of 2/3.low level in two steam 
generators; or loss of voltage on 1/2 6900 
volt bus and unit trip; or manual 1/2 

2/3 low level in any steam generator; or 
trip of 1/2 main feedwater pump turbines; 
or safety injection signal; or manual 1/2; 
or loss of 1/2 6900 volt bus and unit trip

COMMENTS



REACTOR TRIP 

MAIN FEEDWATER ISOLATION 

28. Close main feedwater control valves 

trip main feedwater pumps

TABLE 7.2-1 (Continued) 

COINCIDENCE CIRCUITRY AND INTERLOCKS

Any Safety Injection Signal (see Item 9)

COMMENTS
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TABLE 9.3-3 (Continued)

Maximum differential pressure across filter 
at rated flow (clean), psi 

Maximum differential pressure across filter 
prior to replacement, psi 

Filtration requirement 

Spent Fuel Pit Skimmer Pump 

Quantity 

Type 

Rated capacity, gpm 

Rated head, ft H 20 

Design pressure, psig 

Design temperature, OF 

Material 

Refueling Water Purification Pump 

Quantity 

Type 

Rated capacity, gpm 

Rated head, ft H 20 

Design pressure, psig 

Design temperature, OF 

Material

Spent Fuel Pit Cooling Loop 

Design pressure, psig 

Design temperature, OF 

Spent Fuel Pit Skimmer Loop 

Design pressure, psig 

Design temperature, OF

5 

20 

98% retention of 
particles above 
5 microns 

1 

Horizontal Centrifugal 

100 

50 

50 

200 

Stainless steel 

1 

Horizontal Centrifugal 

100 

150 

150 

200 

Stainless steel

Piping and Valves

Piping and Valves

100 

200

Refueling Water Purification Loop Piping and Valves 

Design pressure, psig 

Design temperature, OF

150 

200

D-6



TABLE 9.3-3 (Continued)

Spent Fuel Pit Pump 

Quantity 

Type 

Material 

Rated capacity, gpm 

Rated head, ft H 20 

Motor horsepower 

Design pressure, psig 

Design temperature, OF 

Spent Fuel Storage Pool 

Volume, ft 3 

Boron concentration, ppm boron 

Spent Fuel Pit Filter 

Quantity 

Internal design pressure of housing, psig 

Design temperature, OF 

Rated flow, gpm 

Maximum differential pressure across filter 
element at rated flow (clean cartridge), psi 

Maximum differential pressure across the 
filter element prior to removing, psi 

Filtration requirement

Spent Fuel Pit Strainer 

Quantity 

Rated flow, gpm 

Maximum differential pressure across the 
strainer element at rated flow (clean), psi 

Perforation

1 

Horizontal Centrifugal 

Stainless steel 

2300 

150 

100 

150 

200 

37,300 

2000 to 2500 

250 

100 

5 

20 

98% retention of particles 
down to 5 micron

2300 

1 

Approx. 0.2"

D-7
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Figure 9.6-1



INITIAL TESTING IN THE OPERATING REACTOR

Tests which will be performed from the initial core loading to rated power 

are summarized in Table 13.3-1.  

13.3.1 INITIAL CRITICALITY 

Initial criticality is established by withdrawing the shutdown and control 

banks of RCC units from the core, leaving the last-withdrawn control bank 

inserted far enough to provide effective control when criticality is achieved, 

and then slowly and continuously diluting the heavily borated reactor 

coolant- until, the chain reaction is self-sustaining.  

Successive stages of RCC bank withdrawal and of boron concentration reduction 

are monitored by observing change in neutron count rate as indicated by the 

regular plant source range nuclear instrumentation as functions of RCC bank 

position and, subsequently, of primary water addition to the reactor coolant 

system during dilution.  

Primary safety reliance is based on inverse count rate ratio monitoring as 

an indication, of the nearness .and rate of approach of cirticality.of the core 

during,.RCC bank withdrawal and during reactorcoolant boron dilution. The 

rate ofapproach toward criticality is reduced as the reactor approaches, 

extrapolated criticality to ensure that effective control is maintained at 

all times.....  

Relevant procedures specify alignment of fluid .systems to allow controlled 

start and stop and adjustment of the rate of which the approach to criticality 

may proceed,.indicate values of.core conditions under which criticality is 

expected-and identify chains of responsibility and authority during reactor 

operations.-

13.3-1
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13.3.2 ZERO POWER TESTING 

Upon establishment of criticality a prescribed program of reactor physics 

measurements " i uddrtaken 't):Verify "that the basl'c:&statics and, kin-6ti-e"' 

characteristics of the core are as expected and that the values of kirietics 

coefficients assumed in the safeguards analysis are indeed conservative.  

Measurements made at zero power and primarily at or near operating temperature 

and pressure lincude verificationof Ialculated values of RCC group -d 

unit worths , of"'6s"1hermal terp@e'ratire coefficient unider" various -core con

ditions, of 'differential boron concentration worth anid-:6f critical boroin '"

concentrations'as 2faiiction -of'RCC :contro group, dnfiguration.Prelimiary 

checks on relative power distribti6f: are made nhrmal andabnorin-i>RCG " 

unit configurations.  

Concurrent tests are conducted on the plint instrumentation including the- "" 

source and intermediate range' nuclear channels. RCC unit operation and the 

behavior of the 'associated control and indicating circuits are demonstrated 

and the adequacy of the control and protection systems are verified under' 

zero power operating conditions.  

• -a d.' easuremn2ts2' to- 2e ....  

DEtailed procedur'es '-specify t1ie'-seq-uene6e of tesits ....... .......urern ts " '2tt e e- 

conducted ah-ch each is t b'e', er formed'-to enure 

the relevai 'an'd " bnsistenc y f 'the- 'results: obtaihned Thes:e t "es6'wilV:,

cover a -seri'e s 6f- p es rib 'ed' 6.ii.. ..." ..od- c nf . . . r..... ... ' i.. h int r n 

measurements of differential control rod worths and boron worth durings
2 -.  

boron dilution or boron injection. As the successive configurations are 

established,'-,,4the'lmeasurement -te'chniquVes'to be se'd v lt1-be: . - , - .  

) Dyn am:Teie f a t u re C6e f-ff1cient 'Measu6 remen t- -D: Di fferential' modef-at6 §.  

coe:f-f i.t'it-- me asurement-' "'-i D -be- inade by co-ti,n-i o'ily .increas ihg- 6r 

decreasing the moderator average temperature and observing the, . _

resultant change in core reactivity.
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2) Dynamic Pressure Coefficient Measurement - Differential moderator pres

sure coefficient measurements will be made by continuously increasing 

or decreasing the moderator pressure and observing the resultant change 

in core reactivity.  

3) Control Rod Worth Measurements by Rod Drop at Zero Power- Integral 

control rod worth measurements will be made at zero power by dropping 

one dr more control rods from a just critical configuration and 

determining the resultant change in core reactivity by observing 

the transient flux level response to the negative reactivity insertion.  

4) Dynamic Control Rod Worth Measurements -Control rod differential 

worth measurements will be made by monotonically withdrawing or 

inserting selected control rods or groups of rods and part length'rods 

and observing the resultant change in core reactivity.  

5) Dynamic Boron Worth Measurements - Differential boron worth measure

ments will be made by monotonically increasing or decreasing main 

coolant boron concentrationand observing the resultant change in core 

reactivity.
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13.3.3 POWER LEVEL ESCALATION 

In order to ensure that operation ' ef thecore is -as expected in all respects, 

and that achievement of rated power is under carefully controlled conditions, 
_ 2 

a Power Escalation Test Program will be established to carry the plant from 
v " _ 1 J . 77_ 2 

completion of zero power physics testing through full power operation. The 

Power Escalation Test Program provides for stepwise achievement of full power.,.  

with careful review-of signifi'cantcore parametersat each step, to ensure 

that fuel and control rod mechanical performance, flux distribution, temperature 

distribution hot channel factors and reactivity control worths are acceptable, 

before additional escalation is undertaken.  

The Power Escalation Test Program provides for measurements to be made at 

convenient power levels in the vicffilty"fnim-mHimself sus'taining power, 

discrete levels approaching 100%, and at rated power. In each case, progress 

to higher levels is contingent upon acceptable core performance.  

Preparation for Power Escalation 

In order to monitor performance, the following analytical results must be 

on hand before power escalation is undertaken: 

1. Expected values for local power ratios in each of the in-core flux 

,detector thimbles.  

2. Expected values for relative power in each fuel assembly and in 

individual fuel rods of interest in various control group configurations.  

3. Expected values of nuclear peaking factors.  

4. Combined power and programmed temperature reactivity defect as a function 

of primary power level at expected boron concentrations.  

5. Equilibrium xenon reactivity defect as a function of primary power 

level.
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6. Identification and integral reactivity worth of the most significant 

single RCC assemblies in the control group, when fully withdrawn, with 

various operating control rod configurations, for both full and part 

length rods.  

7. Identification and integral reactivity worth .of the most significant 

single RCC assemblies among all groups, for both full and part-length 

rods.  

Other conditions that must be met before commencement of the Power Escalation 

Test Program are as follows: 

1. The following plant conditions are established: 

a. The Zero Power Reactor Physics Test Program has been successfully 

completed as, prescribed. Experimental values of zero power 

reactivity parameters have been reduced and are available for 

guidance in the elevated power program.  

b. Discrepancies between analytically predicted and experimentally 

measured values of reactivity parameters have been identified and 

appropriate revisions have been made in the values of expected 

primary coolant boron concentrations and RCC group positions 

listed in the Power Escalation Test Sequence.  

c. The Reactor Coolant System and all required components of the 

Secondary Coolant System are fully assembled, mechanically tested 

.and ready for service as required.  

d. All control, protection and safety systems are fully installed; all 

required pre-operational tests are satisfactorily completed and 

all components are ready for service as ,required.  

e. The reactor coolant is at required temperature, pressure, lithium 

and boron concentration.
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f. 'Dmineralized water is available in adquate quan y'it .f6.'.  

.extensive boron dilution.  

g. Concentrated boric acid solution is available in sufficient 

quantity t' opermit increasesin mainF' co oant' bor6n 6nlration 
-ds 'r quired. " ' ..... " ...  

h. All special equipment and instrumentation required for the Power 
Escalation Test Prdgram'is nstaild'ad calibrated : sand': ": 

available for service as specified.  

i. Thermocouple correction constants derived from thho ,"isothermal 

calibrations.  

j. Reactor coolanf f 16w 'c'' ad'"s n measuied and fuiid 6ceptable.  

k. Verification made 'that n'turaI 'cifculation n4il prdvide-required 

flow in the primary system for reactor operating at a power level 

' of -0% or 'less than- th6 fullP6oer rating- " ' 

2. A i'st Tnicating the "re'q ired tae sof- systems 

2. 'p'rtest checkof 'l-'ists u 
and aiia eiqu1pm'ena'ecting athe powe'r Esc alation Test Program is 

available. The preteinlde, u shall not be 

limited to, provisions for verification and certification of all items 

specified i"Condition i, above.  

3. Experimental procedures sui ie!':for executing the Power Es calation Test 

Sequence, are available for distribution to all personnel concerned with 

the Powier Escalation'Test"Program. -. . A 

4. The prodedurepersched d rsonnel assignmnts and- responsibilities 

are thoroughly discussed with and are understood by the operation and 

experimental personnel. ' . ' .... ""." ..
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6) Elevated Power Transient Response Evaluation - As the power level is 

increased during the initial power escalation, a series of transient 

response measurements will be made to determine plant response to load 

changes. The test technique in each case will consist of establishing 

the transient change in plant conditions and closely monitoring 

system response during and after the transient period. The responses 

of system components are measured for 10% loss of load and recovery, 

loss of load with steam dump, turbine trip, loss of reactor coolant flow 

and trip of a single RCC units, reactor coolant coastdown is also 

measured.  

7) Elevated Power Determination of Power Distribution - At successive power 

levels and in prescribed control rod configurations (full and part-length), 

measurements of flux and power distributions within the core will be 

made and nuclear hot channel factors will be evaluated. Use will be 

made of the miniature in-core flux detector system, and of the in-core 

temperature sensors, to determine the nuclear power and thermal and 

hydraulic conditions within the core. Ex-core nuclear instrumentation 

will be calibrated to indicate actual in-core axial power distribution.  

8) Determination of Primary Coolant Flow Rate - Secondary heat balances 

are made to insure that the several indications of plant power level 

are consistent and to provide a basis for calibration of power range 

nuclear channels and for determination of primary coolant flow.  

9) Verification of Remote Control Stations - After the plant has been 

certified to operate at elevated power levels the capability for 

manually taking the plant to hot shutdown from stations remote from 

the control room will be verified. This test will demonstrate that 

controls and information available in the local control stations are 

functioning properly and are sufficient to permit the operators 

to trip the plant, control heat removal, and borate in an orderly 

manner to reach and maintain the reactor in a hot shutdown status 

should the control room ever become uninhabitable.
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TABLE 13.3-1 (Page 2 of 4)

Conditions Objectives Acceptance Criteria

Load Swing Test

Plant Trip

Pressurizer 

Effectiveness Test 

Minimum shutdown 

Veritifcation 

Psuedo Ejection 

Test 

Pseudo Ejection 
Test 

Loss of Flow Test 

Power Redistribution 
Follow

+ 10% steps at: 
%30% 
u70% 
%100% 

Full load rejection 

from: 

30% 

%i00% 

Hot, shutdown 

Hot, zero power 

Hot, zero power 

%70% of rated power 

Hot shutdown 

\70% of rated power

To verify that reactor control 
system performance

To verify reactor control performance

To verify that pressurizer pressure 
can be reduced at the required rate 
by pressurizer spray actuation 

To verify the nuclear design pre
diction of the minimum shutdown 
boron concentration with one "stuck" 
RCC unit 

To verify nuclear design predictions 
of effects on core reactivity and 
power distribution of ejection of one 
RCC unit from a fully inserted control 
group 

To verify nuclear design predictions 
of effects on core reactivity and power 
distribution of ejection of one RCC 
unit from typical operating configuration.  

Measure reactor coolant flow coastdown 
following trip of reactor coolant pumps.  

To verify that excore nuclear instru
mentation adequately monitors changes 
in core power distribution under 
transient xenon conditions.

No safety criteria applicable

No safety criteria applicable

No safety criteria applicable 

Measured minimum shutdown boron 

concentration must be less than the 
the minimum operating boron 

concentration 

FFD and SAR limitng values for 
F AH,reactivity insertion 

FFD and SAR limiting values for 
F AH ' reactivity insertion 

Flow coastdown no faster than FFD 
and SAR curves.  

FFD and SAR symmetric offset 
F correlation 
q

m-2

Test



TABLE 13.3-1 (Page 3 of 4)

Conditions Objectives Acceptance Criteria

Static RCC Drop Test 

RCC Insertion Test 

Dynamic RCC Drop Test

Load Reduction Test

%70% of rated power 

'70% of rated power 

,70% of rated power

,x50% 
u70%

To verify that a single RCC unit in

serted fully or part way below the 

control bank can be detected by excore 

nuclear instrumentation and core exit 
thermocouples under typical operating 

conditions and to provide bases for 

adjustment of protection system set 

points 

To determine the effect of a single 

fully inserted RCC unit on core 

reactivity and core power distribution 

under typical operating conditions as 
bases for setting turbine runback 

limits 

To verify automatic detection of 

dropped rod, and subsequent atuo
matic rod stop and turbine cutback 

To verify reactor control systemreduction from

Inserted rod detectable with 
instrumentation 

See next step 

Required power reduction and 
rod withdrawal block accomplished 

No safety criteria applicable

%50% reduction from 
100%

P/L Group Operational 

Maneuvering

Load Cycle Test 

Turbo-Generator 

Startup Tests

%90% To verify that the part-length RCC 

maneuvering scheme is effective in 

containing and suppressing spatial 

xenon transients

%40% to \85% 

Pre- and Post
Synchronization

To verify that all plant systems are 

capable of sustaining load follow oper

ations without encountering unacceptable 

operational limits through a typical 
weekly cycle.  

To verify that the turbo-generator 

unit and associated controls and 

trips are in good working order and 

ready for service.

FFD and SAR limiting values for 

Fq FAH 

FFD and SAR limiting values for 

F q FAH' shutdown margin.  

Successful completion of all 

mechanical and electrical and control 

functional checks

m-3
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TABLE 13.3-1 (Page 4 of 4)

Conditions Objective Acceptance Criteria

Turbo-Generator 

Control Valve Tests 

Acceptance Run.

%30% of rated power 

'70% of rated power 

100 hours at rated 
full power

To verify normal trouble free perfor
mance of the turbo-generator at low 
power 

To verify capability of exercising 
control valves at significant load 
and evaluate function of valves and 
controls 

To verify reliable steady state full 
power capability

Performance within manufacturers 

limitations 

Normal trouble free operation 

100 hours reliable equilibrium 

plant operation at full power

Tes t



13.4 OPERATING RESTRICTIONS

13.4.1 SAFETY PRECAUTIONS 

Measurements and test operations during zero power and power escalation phase 

are always performed under several active trip functions. Any verification 

program will-be concluded by several trip functions if the program attempts 

to violate any of the criteria of the protective circuitry. Furthermore, 

to insure that transients are concluded early in the life of the transient, 

several of the setpointsof the trip functions are reduced, as referenced 

in Section 7.  

Measurements are made at various points in the power escalation program 

as power level is increased. Considerations are made of the instrument' 

accuracy and extrapolations are made for these parameters before proceeding 

in the program, including both instrument inaccuracies and uncertainties.  

A continuing verification is then made that the reactor parameters are 

no more limiting then those assumed in the accident analysis, which are 

the most limiting values.' 

Each power step is relatively small, so that a high degree-of certainty is 

associated with'the prediction of plant parameters. The accuracy of the 

prediction obtained for each power level is a major factor in determining 

further power escalation.  

The reactor protection system ensures that the public safety'is further ' 

protected, as stated above.  

13.4.2 INITIAL OPERATION RESPONSIBILITIES 

Ultimate responsibility of the facility rests with the holder of the Operating 

License. During the transition from a construction oriented job to a commercial 

power producing plant, equipment and systems are tested to prove their cap

ability in accordance with design criteria.

13.4-1



Test procedures are written and approved by both Westinghouse Electric 

Corporation and The Consolidated Edison Company of New York, Inc., prior to 

plant testing. Post core load test procedures are, prepared by, Westinghouse 

and are reviewed prior to performance by Consolidated Edison through the 

Nuclear Facility Safety Committee. Pertinent safety comments from the 

committee will be factored into the procedures prior to performance.  

Westinghouse Electric Corporation will provide technical direction for thes 

tests; however, all tests and test procedures-shall be under the control 

of the General Superintendent of the plant to ensure that proper emphasis 

is placed on. safety by all during these acceptance tests.  

He shall ensure that each test has been reviewed by all responsible parties, 

that initial plant conditions and prerequisites the test have been met, 

and that proper personnel are available and understand the test procedures 

and precautions.  

As part of the precautions, all licensed Senior Reactor.Operators and 

manufacturer's ,representatives, whose, equipment is being tested will be 

instructed to stop a test or a portion of a test if the test is.not 

being performed safely or in accordance with the written test procedures.  

The test shall be promptly continued if only minor modification to the test 

procedure is required and is approved by the General Superintendent or ,his 

representative and the Westinghouse Electric Corporation representative. If 

substantial revision is required, however, the General Superintendent shall 

review the change with the same approach as that taken with a new test 

procedure before the test can be continued.  

Administrative responsibility relating to Westinghouse Atomic Power Divisions 

(WAPD) personnel on-site and to normal communications between.-WAPD personnel.

on-site and the customer rests with the Nuclear Power Service Group of 

Westinghouse,. .- • , 

Technical responsibility at each individual phase of actual startup rests with 

the senior on-site representative of the functional group most directly 

concerned with the results of that phase. In the event of apparent overlap 

of areas of technical rsponsibility, resolution shall be obtained within the 

functional groups.

. -l34-2
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14 SAFETY ANALYSIS,

This section evaluates the safety aspects of the plant and demonstrates 

that the plant can be operated safely and that exposures from credible 

accidents do not exceed the guide lines of 10 CFR 100.  

This section is divided into three subsections, each dealing with a different 

behavior category: 

Core and Coolant Boundary Protection Analysis, Section 14.1 

The incidents presented in Section 14.1 have no off-site radiation 

consequences.  

Standby Safeguards Analysis,' Section 14.2 

The accidents presented in Section 14;.2 are more severe and may cause release 

of radioactive materialto the environment.  

Rupture of a Reactor Coolant Pipe, Section 14.3 

The accident presented in Section 14.3, the rupture of a reactor coolant 

pipe, is the worst caseaccident,and is the primary basis' for the design 

of engineered safety features'. It is shown that even :this accident meets 

by a wide margin the guide lines-of 10 CFR 100.  

Parameters and assumptions that are common to various accident analysis 

are described'below to avoid repetition in subsequent sections.  

Steady State Errors 

For accident evaluation, the initial conditions are obtained by adding 

maximum steady state errors to rated values. The following steady state 

errors are considered:
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2% of full power (2758 MWt) which is 55.2 for 

Power calorimetric error 

Core Inlet Temperature 4*F for deadband and measurement error 

Primary Pressure -30 psi for steady state fluctua-tions-and measure

ment error, 

Initial values for power, primary pressure and core inlet temperature are 

selected to minimize the initial W-3 DNB ratio., 

Hot Channel Factors 

Unless otherwise stated in the sections describing specific accidents, the 

hot channel factors used are: .  

F (heat flux hot channel factor) = 3.23 q 

FAH (enthalpy rise hot channel factor). = .1.77 

The in-core instrumentation system will be employed to verify that actual 

hot channel factors are, in fact, no higher than those used in the accident 

analyses.  

Reactor Trip 

A reactor-rtrip signal acts to open the two series.trip breakers feeding 

power to the control rod drive mechanisms., The loss of power to the 

mechanism coils causes the mechanisms to release the control rods, which 

then fall by gravity into the core. There are various instrumentation 

delays associated with each tripping function, including delays in:...  

signal actuation, in opening the trip breakers, and in the release of the 

rods by the mechanisms. The total delay to trip is defined as the time 

delay from the time that trip conditions are reached to.the time the 

rods are free and begin to fall. The time delay assumed for each tripping 

function is*;as follows:--. . ..
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QUESTION 1.9 

Describe the mathematical models and methods used for the seismic design 

of Glass I structures, equipment, piping and instrumentation and controls.  

Explain how the elasticity of the structures, and the damping have been.  
evaluated. If modal analysis has been used, indicate for every important 

structure, piping system, or equipment how many modes have been considered 

and describe how the damping was evaluated for each mode. By how much 

does the use of smooth response spectra underestimate the true response 

of Glass I structures and equipment? 

Discuss how closely these mathematical models represent the actual condi

tions, especially the effect of the following: Non-linear behavior of 

the actual structures, piping and equipment; effect of appendages (small 

masses elastically attached to large masses), clearances (gaps) at equip

ment restraints, and supports; and variable friction.  

ANISWER 

With the exception of the containment, PAB, and Electric Gable Tunnel no 

dynamic analyses were performed on Unit No. 2 structures, hence no mathe

matical models were developed. The following methods were used in the 

seismic design of Glass I structures.  

A. Gontainment Building 

See Sections 2.0 and 3.0 of the Gontainment Design Report for Indian 

Point Unit No. 2.  

B. Primary Auxiliary Building 

1. Steel 

In the design of the steel 100% of the dead load and 50% of the 

live load was considered. The peak of the response curve for 

.15g ground acceleration and 1.0% critical damping was used to 

obtain the seismic forces which were distributed by the method 

described in the Gontainment Design Report for Indian Point Unit 

No. 2, and resisted by the bracing. The 1.0% critical damping 

is conservative since the structure is shop welded and field bolted 

to the columns. The actual critical damping value would be between 

1.0% (welded) and 2.5% (bolted). A 1/3 increase over working stress 

was allowed in the design of the bracing.  

Supplement 2 
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2. Concrete 

In the design of the concrete 100% of the dead load and 50% of 

the live load was considered. The Modified Rayleigh Method was 

used to calculate the natural period and the base shear was 

distributed by the same method descri bed in the Containment 

Design Report for Indian Point Unit No. 2. The forces determined 

from the response curve for a .15g ground acceleration with 5% 

critical damping were applied at the node points, where the masses 

were lumped for the Rayleigh approach. These loads were resisted 

by the vertical walls, which acted as shear walls, and horizontal 

reinforcing which resisted the moment. A 1/3 increase on working 

strength design allowable stresses was conservatively assumed.  

C. Control Building 

The dead load and equipment loads were considered. The period was 

determined from the formula.T = 0.1 n where n = no. of stories (Design 

of Multistory Reinforced Concrete Building for Earthquake Motions by 

N. M. Newmark et. al.). The response curve for .15g ground acceleration 

with 2 1/2% critical damping was used to determine the base shear.  

This base shear was distributed at the floor levels by the same method 

described in the Containment Design Report for Indian Point Unit No. 2 

and resisted by a rigid frame structure with a 1/3 increase on allowable 

working stresses. The design was controlled by a deflection limitation 

due to the adjacent Unit No. 1 Control Building.  

D. Diesel Generator Building 

Due to the light weight of the structure, the wind load controlled the 

design.  

E. Fan House 

100% of the dead load and 50% of the live load was considered. The 

peak of the response curve for .15g ground acceleration with 5% critical 

Supplement 2 
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damping was used. The loads were distributed as described in the 

Containment Design Report for Indian Point Unit No. 2. A 1/3 increase 

in allowable working stresses was allowed.  

F. Boric Acid Evaporator Building 

100% of the dead load was considered. For method of design see Fan 

House. Without allowing a 1/3 stress increase for seismic design the 

controlling factor for reinforcing design was the minimum temperature 

steel requirements of the ACI-318 Building Code.  

G. Intake Structure 

100% of the live and dead load were considered. The peak of the response 

curve for .15g ground acceleration with 5% critical damping was used to 

obtain the seismic loads. The effect of-water sloshing was considered 

in the earthquake analysis (per TID-7024 "Nuclear Reactors and Earth

quakes" Section 6.5). The controlling factor in the design of the 

Intake Structure was the service load with the worst combination being 

one chamber empty and the adjacent chamber filled with water.  

H. Waste 1{old-Up Tank Pit 

100% of the dead load and 50% of the live load was considered (including 

the tank dead weight on the roof). The peak of the response curve for 

.15g ground acceleration with 5% damping was used to determine the base 

shear. Using working strength limits for the seismic design, service 

loads controlled the design of the top slab. The bottom slab and wall 

of the Pit were designed for earthquake loads with stresses limited to 

yield times 0 factors recommended in Section IV-B of the ACI-318-63 

"Building Code". Consideration was given to the tanks in the Pit when 

designing the base slab.  

Supplement 2 
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I. Spent Fuel Pit 

See Answer to Question 1.10 in Supplement to the Indian Point Unit 

No. 2 FSAR for the amplification factors on the .15g ground acceleration.  

The seismic loads, as determined in TID-7024 "Nuclear Reactors and 

Earthquakes" Section 6.5, were resisted by the reinforced concrete walls 

and base slab. Working stresses were used except for the moment at the 

base of the walls where ultimate-strength design was considered with 

stresses limited to 0fy.  

J. Electrical Penetration Tunnel 

The peak of the response curve for .15g ground acceleration with 5% 

critical damping was considered using working strength design limits.  

The load was considered to act at 2/3 L where L = the height of the 

tunnel. Temperature Steel considerations controlled the design of the 

concrete while service loads controlled the structural steel.  

K. Pipe Penetration Tunnel 

100% of the dead load, plus 50% of the live load was considered. The 

peak of the response curve for .15g ground acceleration with 5% damping 

was used to find the shear which was considered as a concentrated load 

applied at the top slab of the tunnel. A 1/3 increase on working stress 

allowables was used in the design.  

L. Electrical Gable Tunnel 

100% of the dead load, 50% of the surcharge and 50% of live load in the 

tunnel was considered. The Modified Rayleigh Method was used to determine 

the natural period and the loads were distributed as described in the 

Containment Design Report for Indian Point Unit No. 2. The response 

curve for .15g ground acceleration with 5% critical damping was used. A 

1/3 stress increase was permitted on working stress allowables when 

considering the effect of seismic loads.  
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M. Shield Wall 

The peak of the response curve for .15g ground acceleration with 5% 

critical damping was used. The pipe break loads controlled the design.  

N. Retaining Wall At Equipment Entrance 

Soil pressures controlled the design of the wall when the effect of 

surcharge while loading the reactor was cons idered.  

0. Primary Water Storage Tank and Refueling Water Tank Foundation 

The seismic load s on the circular wall and center pier were those supplied 

by the tank manufacturer. The shear force from the earthquake on the 

water in the tank was applied at 3/4 L above the top slab. The shear 

force from the earthquake on the tank was applied at L/2 above the top 

slab, where L = the height of the tank. The horizontal shear force from 

the earthquake effect on the dead weight of the foundation was determined 

by using the peak of the res ponse curve for .15g ground acceleration 

with 5% critical damping. A triangular distribution was used. The 

earthquake effect of the backfill was also considered. The load was 

applied to the walls as the resultan t of a triangular pressure distri

bution. The stresses were limited to working strength design limits.  

The temperature steel considerations controlled the design of the walls 

and center pier.  

P. Condensate Water Storage Tank Foundation 

The seismic loads on the-spread footing foundation were those supplied.  

by the tank m anufacturer. The shear forces from the earthquake on the 

water in the tank was applied at 3/4 L above the footing. The shear 

force from the earthquake on the tank was applied at L/2 above the top 

of the footing, where L = the height of the tank. The stresses were 

limited to working strength design limits.  
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A model analysis was performed on all Glass I structures for Indian Point 

Unit No. 3. The results indicated that all were rigid. On this basis it 

can be assumed that all similar structures for Indian Point Unit No. 2 are 

also rigid. The only difference being the Control Building for Indian 

Point Unit No. 2 which is a steel structure while on Indian Point Unit No. 3 

it is concrete. *Since all Glass I structures on Indian Point Unit No. 2 

except the Control Building are rigid and move with ground acceleration the 

use of the peak of the response curve is conservative.  

In the preceeding designs, limits have been placed on stresses to assure that 

all structures will respond elastically to the earthquake. If for some reason 

inelastic response were to occur, the period of the structure would be expected 

to increase. Since the majority of the structures were designed for the peak 

of the response curve the effect of any change in period would be to decrease 

the coefficient of spectral acceleration and thus lower all shears and moments.  

For a discussion of the evaluation of damping factors, see the Answer to' 

Question 9a in Supplement No. 2 to the Indian Point Unit No. 2 PSAR.  

For validity of the response spectra in connection with the site, see the 

Answer to Question 2.7e in Supplement No. 2 to the Indian Point Unit No. 3 PSAR.  

For Unit No. 2 there were no mathematical models used, except as indicated by 

the use of the Rayleigh Method.  

The method used for the design of Class I equipment and piping is described 

in the answer to Question 1.6.  

All Class I equipment and piping were analyzed as a one degree of freedom 

systems for the maximum response of the 0.15g ground response spectrum for 

the values of critical damping specified.  

Mathematical models are not used for seismic design of instrumentation.  

Ability to withstand the seismic condition is determined by actual vibration 

type testing of typical instrumentation equipment under simulated seismic 

Q 1 .9-6Supplement 2 
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Accelerations to demonstrate its ability to perform its functions. The 

seismic testing is reported in Westinghouse proprietary report WCAP-7397-L 

titled "Topical Report Seismic Testing of Electrical and Control Equipment", 

E. L. Vogeding, dated January, 1970. The following is a summary: 

In a nuclear power plant, electrical and control equipment which 

initiates reactor trips, actuates safeguards systems and/or 

monitors radioactive releases from the plant must be capable of 

performing their functions during and after an earthquake that 

has occurred at the plant site. To demonstrate the ability of this 

equipment to perform under earthquake conditions, selected types 

of this essential equipment representative of all protection and 

safeguards circuits and equipment were subjected to vibration tests 

which simulated the seismic conditions for the ''low seismic"~ class 

of plants.* During the tests, equipment operation was monitored 

to prove proper performance of functions. The results show that 

there were no electrical malfunctions. Based on these results, it 

is concluded t hat the equipment will perform their design functions 

during as well as following a ''low seismic' earthquake.  

The lo cations of this protection and safeguards control and electrical 

equipment in Indian Point Unit 2 have been identified., The most adverse 

location, seismically, is the control building floor at elevation.53', 

which supports the nuclear instrumentation, radiation monitoring, process 

instrumentation and safeguards logic racks. Dynamic analyses of this 

building for the plant design basis earthquake of 0.15g show that the 

significant ho3:izontal and vertical accelerations of this floor are within 

the specified low seismic test envelopes given in WCAF-7397-L.  

For mechanical components of engineered safeguards systems, analyses will 

be performed on a.worst case basis to determine that no significant resonances 

occur in the frequency range of interest. Modifications will be made if 

any such resonances are found.. The components will then be analyzed using 

seismic loads as obtained from building response calculations to show 

that stresses are within allowable limits and will not result in loss of 

function.  

Those having a Design Basis Earthquake horizontal accleration less than or 
equal to 0.2g.  
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2 /40



QUESTION 5.6' 

For penetration design, provide: 

a) a discussion of whether the stress limits of the ASM Code, 

Section VIII can be met, including the effects of jet forces.  

ANSWER 

All piping penetrations are designed for normal loads within the stress limits 

of the ASME Code, Section VIII..  

All piping penetrations except main steam and feedwater are designed as anchors 

for the pipes passing through them and will transmit piping loads to the re

inforced concrete wall. The anchorage strength exceeds the maximum combined 

forces imposed by the effects on the piping penetration of dead load, loads 

induced from a loss of coolant accident, thermal expansion of the pipe, pen

etration air pressure, and earthquake loads. The piping penetrations are 

designed to transmit the above combined loadings to the concrete structure 

without exceeding the yield strength of penetration steel.  

In addition, each piping penetration is designed to withstand, within emergency 

load criteria, the effect of the rupture of a pipe passing through that pen

etration at or near the penetration.  

The main steam and feedwater penetrations are designed so that the pipes them

selves are effectively enclosed for blowdown just inside and just outside the 

wall. These anchors are designed to prevent a main steam or feedwater pipe 

rupture from causing a breach of containment at the penetrations. The anchors 

are designed to 90% of yield strength.  

All piping penetrating the containment is designed to meet the requirements 

of USAS B31.1.0 Power Piping Code.  
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Question 5.6 

For penetration design, provide: 

f) Sample drawings, sketches, and design computations for 

penetrations and shell adjacent to them.  

Answer 

For sample drawings and sketches of the penetrations and the shell 

adjacent to them, see Figure 2.10a-2 of Supplement 4 to the PSAR for 

Indian Point Unit No. 3.  

For design computations of penetrations and the shell adjacent to them, 

see pages Q 5.6(f)-6 and Q 5.6(f)-7. On page Q 5.6(f)-2 the formula for 

radial deformation of a hole in a plate subjected to biaxial stresses is 

determined by performing an integration of the tangential strains around 

the periphery of the hole.  

On page Q 5.6(f)-3 the relationship between the deflection determined 

from above to the final plate and penetration sleeve deformations is 

developed and the formulas for stress in the liner and the stress 

in the penetration sleeve are developed.  

Pages Q 5.6(f)-4 and Q 5.6(f)-5 show a summary of the liner and penetration 

stresses and state the assumptions made in the analysis.  

In addition, thermal loads have been investigated for their effect on the 

shell adjacent to the penetration sleeve and found to be insignificant 

(38 psi bearing stress on the concrete is the maximum stress on the concrete 

shell).  

For further discussion of penetration design, see answer to Question 2b 

of Supplement No. 3 to the Indian Point Unit No. 2 PSAR.  
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From Timoshenko, page 81, "Theory of Elasticity" 

S-2S os20 + [S'-2S'os2-) S = Horizontal Stress in Liner 
SS'= Vertical Stress in Liner 

6D = (S-2Scos 26+ [S'-2S'cos (26-q)]) rsined6 

6D =L S sinede-2 cos2esin~do+S' fsinOd8-2S'fCos (20 -. r)sin~d6 
0 0 0 

f cos (2e - iT) sin de = - f cos 20 sinOdO 

- f (1 - 2Sin 2 0) (Sin 0)dO 

= - f(sin 8 - 2Sin3 O)dy 

= [(-cose) - 2 (- S in -cOs- + 2 f sinOdO)] 
2 4 

= (-cose +.2/3sin e cosa + A cose)] 
3 

fcos(2e-7r)slne = -cose - 2 2 
3 0 cos 0 

r cos0 2 .2 -cos 2 sin2 e Cos 
S [-Scos-2S( in Ocos)-S'cos-2S'. 3 3 

= r 2 2 5,)- -

[( S+ 3 3 ( -S 2/3S S' + 2/3S').] 

r4 4 

6 r[2S + + 2S' -i~ 

E 3S 

r 10S 2 S' 
E 3 3 

2r [5S + S'] (For Stresses in the Same Direction) 
3E 

2 ( 5S - S') (For Stresses in Opposite Directions 3 E
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AUN = A F Res. + ASleeve *

S1 (1-V) R 
E 

SI 

= *- [ R(l-V)

+ S R 2x 

2Etsleeve 

t R2 
+ sleeve

A E 
UN 

R[ (I-V)+( ) 
2t sleeve 

Slt RX 
sleeve 2t .sleeve

Ssleeve
UN RX

where X =

R[( -V) +(t t R X 

k sleeve/j 

3(1-V ) 

2 2 
Rst

2tsleeve

(See Answer to Question 5.6c) 

(SI = Stress in Liner)
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Summary 

Penetration Stress in Sleeve Stress in Liner 
(ksi) (ksi)

Air Purge -23.8 -19.5 

Main Steam -33.4 -27.94 

Typical Mech. Penetration -31.0 -31.1 

Electrical Penetration 

A) C & T* -22.5 -29.5 

B) T & T* +18.2 +19.7 

Fuel Transfer 

A) C & T* -25.7 -25.6 

B) T & T* +20.8 +16.6 

A) ignores effects of insulation B) considers effects of insulal 
in the vertical direction 

C = Compression in Liner T = Tension in Liner 

Conservative Assumptions 

1. The weld pressurization channel stiffens the area.  

2. The liner alone was designed for stress concentration 

effects while the cracked concrete was ignored.  

3. The unrestrained growth is based on maximum growth from 

a stress concentratilon consideration.

ti on

* first letter indicates sense of vertical stress 
second letter indicates sense of horizontal stress
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QUESTION 7.8 

Various pages of the FSAR discuss the design of electrical equipment 
inside containment (e.g., Page 6.1-6). Other pages discuss the proposed 
testing of some components (e.g., Page 6.2-35a). Please identify all 
equipment and components (e.g., motors, cable, etc.) located in the 
primary containment which are required to be operable during and 
subsequent to a loss-of-coolant or a steam-line-break accident, and describe 
the qualification tests which have been or will be performed on each 
of these items to insure their availability in a combined high temperature, 
pressure and humidity environment.  

ANSWER 

The environmental design criteria inside the containment as a function 

of time after a major LOCA are as follows: 

a) One hour at 47 psi gage, 271 F, 100 percent humidity with 

containment spray.  

b) One day at 20 psi gage, 219 F, 100 percent humidity with 

containment spray.  

c) Indefinitely at 7 psig, 152 F, 100 percent humidity with 

containment spray.  

The equipment located inside the containment which must function in this 

post-accident environment is listed below. The expected length of time 

that the equipment will be required to function following an accident is 

also given.  

a) Pressurizer Pressure and Level sensors for ECCS actuation (first 

five minutes after accident).  

Preliminary qualification tests have been run on the pressurizer 

pressure and level transmitter. These are reported in Topical Report 

Supplier Post-Accident Testing and Process Instrumentation, J. Nay 

(Proprietary) WCAP 7354-L. Continued Westinghouse efforts to 

provide meaningful qualification tests have since proven the report 
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conclusions on the planned pressurizer level instruments to 

be in error. A back-fit program is in process to replace 

those instruments at Indian Point with qualified instruments 

and to re-test the pressurizer pressure instruments. The 

final tests will be made with live steam entering the test 

chamber at a rate which causes a temperature/pressure transient 

equivalent to the maximum rate expected during a major accident.  

Temperatures and pressures will be equal to or greater than the 

design criteria values. The instruments will be expected to 

remain functional for a minimum of 1/2 hour although the time 

period for their required function is defined as the first five 

minutes after the accident.  

b) EGGS motor operated valves (a) required to operate for injection 

phase (first five minutes after accident), (b) required to operate 

for recirculation phase (one year).  

c) Containment sump level instrumentation (three hours). (Both 

sumps - four detectors).  

Containment sump level instrumentation consists of hermetically 

sealed switches in a stainless steel housing. This instrumentation 

does not depend on electronics and is designed for continuous sub

merged service at the temperatures expected. Since instruments 

of this design have seen considerable actual service in applications 

much more severe than the accident can produce, no qualification 

tests are planned.  

The reactor protection control and instrumentation equipment and 

electrical equipment for ESF located in the auxiliary building and 

turbine-generator structure will operate in a normal ambient 

environment following a major LOCA.  

Reference is made to the answer to Question 7.9 regarding radiation.  
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d) Air and motor operated containment isolation valves (operation 

completed in first five minutes after accident).  

e) Power and instrumentation cables for the above listed equipment.  
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QUESTION 14.2 

There appear to be ambiguities in the FSAR with regard to the dose 
design criteria for the control room. State the dose criteria for the 
control room.  

Calculate the whole body and thyroid dose that would be received by an 
operator in continuous occupancy of the control room during the course of 
an accident using the assumptions indicated in 14.1 above. State all 
assumptions and justify them.  

ANSWER 

The dose criteria applicable to the control room are as follows: 

Personnel remaining in the control room for an 8 hour period 

of time following a loss of coolant Accident must not receive 

doses greater than 5 rem to the whole body and 30 rem to the 

thyroid.  

The design of the control room ventilation and air conditioning system 
is presented in section 9.9.2 of the FSAR. During normal operation, 

conditioned air is admitted to the control room through downward directed 

ceiling registers located 14'-9" above the control room floor. A perforated 
aluminum or egg crate ceiling is located 12 feet above the floor.  

The damper in the makeup air supply duct is partially open during normal 

operation and under remote manual control. This damper will close auto
matically on a high activity signal from the area monitor (Radiation 
Monitoring System) in the control room. This signal also automatically 

starts the separate HEPA-charcoal filter unit fan and positions dampers 

to route flow through this unit.  

3 
The control building volume served by this system is 43,400 ft ,and the 

air conditioning system flow i s 9200 cfm. The flow rate through the 

charcoal filter unit (during accident mode operation only) is 1840 cfm.  
The filter efficiencies of the HEPA and charcoal filters are expected to 

exceed 95% and 90%, respectively.  
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The makeup flow from the outside is normally 920 cfm; however, as a 

result of a system change, this flow will also be terminated automatically 

by the EGGS demand-signal. For this reason, no activity can enter the E 
control room volume following a major accident, and the thyroid dose 

in the control room is negligible.  

The whole body dose is composed of two parts, the direct dose from the.  

activity confined in the containment, and the dose resulting from cloud 

immersion. The direct dose is presented in Figure 14.3.5-9 of the FSAR, 

and is also discussed in Section 11. At a distance of 30 meters from 

the containment, the 8 hour dose is approximately 0.14 rem disregarding 

the reduction due to the control room walls. The contribution to the 

whole body dose from cloud immersion has been calculated using the 

assumptions specified in question 14.1. Because the entry of air from 

outside the control room is terminated before any containment leakage 

can reach the building, the immersion dose from betas is negligible, 

and operating personnel are affected only by gamma radiation originating 

outside the building. If this reduction of the gamma dose is neglected, 

the shielding effect of the walls is neglected, the whole body dose 

from immersion would be 2.7 rem for 8 hours. This calculation assumed 

the finite cloud model,(1 ) -which is adequate at the shorter distances.  

Since the actual doses would not include the contribution from activity 

inside the control room, and considering the other assumptions above, 

the total whole body dose to personnel in the control room is well below 

the criteria levels.  

Although both the thyroid and whole body dose rates to personnel entering 

and exiting the facility buildings would be expected to be higher than 

those in the control room, two factors assure that the applicable criteria 

will not be exceeded. First, the times required for entry and exit are 

short. Secondly, the selection of entry and exit times can make use of 

favorable atmospheric dispersion conditions and wind directions, and 

information available from activity monitors.  

MMeteorology and Atomic E nergy 1968, (TID-24190) U. S. Atmoic Energy 
Commission 
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1. During cold hydrostatic testing, data is to be taken at one 

primary coolant temperature (less than 150 0F). This temperature 

will be established by the temperature that exists when time 

for the testing occurs in the schedule. The temperature will be 

kept within + 200F during the testing.  

2. During the hot functional tests, data is to be taken at a low 

temperature (less than 150 0F) and at the maximum test temperature.  

Again, the main coolant temperature will be kept within + 200 

while data is being taken. During heat up, a selected number 

of instruments will be monitored continuously.  

3. At the completion of hot functional testing, it is currently 

planned that all instruments be removed except six-strain gages 

on two guide tubes, three strain gages on the core-barrel, one 

pressure transducer on the top support plate and the thirteen 

accelerometers on the outside structure. These instruments will 

be monitored during pre-critical testing after the core has 

been loaded. The measurements will be made on these instruments 

for steady state and transient conditions. Data will be taken 

during control rod exercising, with and without moving the 

rods in the instrumented guide tube at the same temperature 

condition as specified in 1.) and 2.). For the above tests, 

data will be recorded during startup transients, shutdown transients 

and steady flow with several combinations of reactor coolant 

pumps running including each pump operating individually and all 

4 pumps operating simultaneously. At the first refueling, the 

internal transducers will be removed.  

The Reactor Coolant System testing program, outlined above, when 

coupled with experience from off-site testing, model testing and 

data from other recent testing programs on operating plants provide 

assurance that in-service vibration monitoring instrumentation is 

not required. This subject is discussed further in the response 

to Question 13.2.  
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0
TABLE Q 13.1-1 

TRANSDUCER LOCATIONS FOR VIBRATION EXPERIMENTS

- , -, -I

0 
I-I 
H

Upper Core Barrel 

Below Flange 

Weldment

Behind Inlet Nozzle

X X Weldment Upper

X X jLower Core Barrel 

X X 
x Noz__z  Elevation 

t X INozzle Elevation

- I - I - I

On Thermal 

Shield Support Blocks

A Axial 

C = Circumferential 

R = Radial
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The response of the guide tub es over the expected range of vibration 

frequencies will be measured with strain gages and accelerometer 

to provide strain versus amplitude data and to assure that the 

proper location for the strain gages has been chosen prior to 

installation in the reactor vessel.  

2. Core Barrel 

Upper Core Barrel -Strain will be measured at two locations 

on the core barrel; 1) just below the core barrel flange and 

2) at the upper to lower core barrel weldment which is a reduced 

cross section elevation (See Table Q 13.1-1).  

In addition, a circumferential strain gage will be placed on 

the inside surface of the barrel, radially inward from the 

centerline of an inlet nozzle. This gage will be used to obtain 

an indication of the stress due to the ram effect of the inlet 

flow against the core barrel and to compare with previous data 

taken at this location on the 1/7 scale Indian Point No. 2 model, 

the 1/13 ENEL/SENA model and the Obrigheim plant.  

Accelerometersiare located on the upper core barrel to determine 

the vibration of the upper core barrel in its shell modes. This 

information should contribute significantly to understanding 

the upper barrel strain gage readings.  

Accelerometers have also been placed on two -thermal shield support 

blocks to obtain information on the vibration of the core barrel 

in its ring modes and beam modes. Data are available from the 

1/7 scale model at similar locations.  

3. Thermal Shield 

Thermal Shield - The measurement of the maximum stress in the 

thermal shield with a reasonable number of strain gages is 

Supplement 7 
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impossible because of the number and non-uniform spacing of supports 

and the flexibility of the core barrel. The most highly strained 

bolt that fastens the top of the shield to the core barrel will 

be instrumented with four strain gages. One of the-four gages 

is redundant so that loss of one gage will not result in the 

loss of all information from this location. To measure the 

desired strains, the gages will lie in a vertical plane passing 

through the core centerline when the final torque on the bolt 

is r eached (See Table Q 13.1-1).  

Three flexures are to be instrumented. The locations of the 

gages are at 0', 90' and 2400. These gages will provide the 

data needed to determine the forces in each of the instrumented 

flexures.  

Three accelerometers are located at the mid-elevation of the shield 

and on e near the bottom to provide data to assist in the 

interpretation of the strain gage results and to compare with 

1/7 scale model data. Supporting data will be obtained from 

model and full-scale impedance tests.  

Pressure measurements will be made at the inside and outside wall 

of the thermal shield. Four pressure transducers to measure 

the fluctuating static pressure have been located near the 

top (82 1/20) and bottom (280) of the thermal shield.  

Fourteen maximum displacement indicators will be installed into 

the thermal shield snubber holes which are not occupied by pressure 

transducers (eleven at the upper end and three at the lower end).  

Supplement 70 
Q 13.1-6 3/70



the clad tenmperatu'ie "dftr -ioss 0f co6fant a° cidnt t Il below t.h.e 

melting teiperature o6f Zircaloyi4, miniiimizes metal-waterre'ctio0 and ensures 

that the core remains in place and intact thediby assuri ng preservation 

f essential heat transfer geometry. The system design incorporates redundancy 

of0 oponents uch tha t nimiium required water agdditioi 'rtes can be 

met uming any active component to fail concurrent with th loss-of

coolant cident or, over the long term period of post-accident core decay 

heat remova a passive or active component failure in either the safety 

injection or s vice water systems, or an active failure in the component 

cooling water sy em. Details of system design and operation are in Sections 

6.2, 9, and 9.8, an analysis of the loss of coolant accident is presented 

in Section 14.3. Bec se of the incorporation of this revised emergency 

core cooling system the Reactor Pit Crucible has been deleted from the 

plant design.  

A control rod ejection analysis as performed for the final core design, 
rod worths, rod position limits, an moderator reactivity temperature coefficient.  

As mentioned above the addition of the burnable poison rods eliminates power 

operation with a positive moderator temperature coefficient and reduces 

the severity of the ejected rod accident, hence, lessening the need for 

research and development on this subject. Th analysis, presented in Section 

14.2, shows that, with the final core design an the insertion limits for the 

control rods, no consequential damage to the Reactsr Coolant System and 

no fuel or clad melt will occur for ejection of the ghest worth rod.  

The reactor coolant pump controlled leakage seal design fir this plant 

has been fully developed. A full scale mock-up of this sea was operated 

for over 100 hours to confirm that seal deflection and leak rate under 

load were acceptable. The full scale mock-up has been used during the 

development of the controlled leakage seal to provide informationrelated 

to long-term performance. One of the two seals used in this plant s 

operated about 300 hours and the other about 100 hours, each in its p MP 
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motor unit. During hot functional testing in the plant, before the core 

is loaded, additional operation will bring the total operating time for 

each seal to well over 500 hours.  

Successful operation of similar seals has been demonstrated with over 5000 

hours total running time in San Onofre and over 3000 hours in Haddam Neck.
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2.4 POPULATION AND LAND USAGE 

The population and land usage within a 55-mile radius of the Indian 

point site has been compiled by the Regional Economic Development 

Institute, Incorporated, under the direction of Dr. Edgar M. Hoover.  

The population and land usage has been projected to 1980 by the 

Institute based on estimates produced by the Regional Plan Association 

of New York. The report prepared by the Institute is included herein.  

Dr. Hoover served on the staff of the Harvard University New York 

Metropolitan Region Study from 1957 to 1959. He is the author of 

"Location of Economic Activity", and co-author of "Anatomy of a 

Metropolis" and has served in several federal government agencies 

including the President's Council of Economic Advisers.  

The area surrounding the Indian Point site is generally residential 

with some large parks and military reservations. The majority of the 

area to the east of the river within 15 miles of the site is zoned 

for residential usage as shown on the map in Figure 2.4-3. West of 

the river within a fifteen-mile radius the Palisades Interstate 

Park and residential areas are the dominant land usage. The only 

agricultural areas within fifteen miles are south or northwest of 

the plant of the west side of the river.  

About sixty-six people reside within a 1100-meter radius of Unit No.2, 

all of them to the east southeast. This distance has been used as the 

outer boundary of the low population zone in the analysis of a post

ulated fission product release. The outer boundary of the more densely 

populated area of Peekskill has been used as the population center 

distance which exceeds one and one-third times the distance from the 

reactor to the outer boundary of the low population zone as defined 

in 10 CFR 100.11.  

Several maps are included to illustrate the population distribution 

and land usage. Figures 2.4-1 and 2.4-2 show the population distribution.
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radially by sectors out to 55 miles. and 15 miles, respectively, which 

are based upon the report herein. Figures 2.4-3, 2.4-4, and.2.4-5 

show respectively, the land usage based upon official zoning maps, 

areas served by public utilities, and areas served by sewage systems.
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within the rod to accommodate fission gases released from the fuel, dif

ferential thermal expansion between the cladding and the fuel, and fuel 

swelling due to accumulated fission products without overstressing of the 

cladding or seal welds. Shifting of the fuel within the cladding is prevented 

during handling or shipping prior to core loading by a carbon steel helical 

compression spring which bears on the top of the fuel.  

At assembly, the pellets are stacked in the cladding to the required fuel 

height. The compression spring is then inserted into the top end of the 

fuel and the end plugs pressed into the ends of the tube and welded. A 

hold-down force of approximately six times the weight of the fuel is obtained 

by compression of the spring between the top end plug and the top of the 

fuel pellet stack. The rod space between the pellets and clad contains air 

at one atmosphere.  

The fuel pellets are in the form of a right circular cylinder and consist 

of slightly enriched uranium-dioxide powder which is compacted by cold 

pressing and sintering to the required density. The ends of each pellet.  

are dished slightly to allow the greater axial expansion at the center 

of the pellets to be taken up within the pellets themselves and not in 

the overall fuel length.  

For the first core, the pellets in the outer region have a density of approx

imately 9.97 gm cc (91% of theoretical density) while those in the two 

inner regions (checkerboard pattern, see Fig. 3.2.3-3) have densities of 

10.08 and 10.30 gm/cc corresponding to 92% and 94% of theoretical density 

respectively. Lower pellet densities are used to compensate for the effects 

of the higher burnup which the fuel experiences in those regions.  

A different fuel enrichment as listed in Table 3.2.3-1 is used for each 

of the three regions in the first core loading.
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Identification of the fuel enrichment in each of the fuel rods is maintained' 

by an identification mark on the fuel rod top end plug. This aids in 

ensuring that rods of the proper enrichment will be loaded into each fuel 

assembly. The identification numbers on the fuel assembly top nozzles 

will then maintain the enrichment identity and ensure that the assemblies 

with the correct enrichment are loaded into the proper core region.  

Each assembly will be assigned a core loading position. A record will 

then be made of the core loading position, serial number and enrichment.  

Prior to coke loading, two independent checks will be made to ensure that 

this assignment is correct.  

During initial core loading and subsequent refueling operations, detailed 

handling and checkoff procedures, will be utilized throughout the sequence.  

The initial core will be loaded in accordance with the core loading diagram 

similar to Figure 3.2.3-3 which shows the location for each of the three 

enrichment types of fuel assemblies used in the loading together with 

the serial number of the assemblies in the region.  

Rod Cluster Control Assemblies 

The control rods or rod cluster control (RGCA) assemblies each consist 

of a group of individual absorber rods fastened at the top end to a common 

hub or spider assembly . These assemblies, one of which is shown in Figure 

3.2.3-.4 are provided to control the reactivity of the core under operating 

conditions. These assemblies are of two types, those with rods containing 

full length absorber material and those with rods containing a 36-inch 

length absorber section with the remainder of the absorber height filled 

with inert Al 20 3material. The number of each type of RCCA is specified 

in Table 3.2.3-1.
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3.3 TESTS AND INSPECTIONS

3.3.1 REACTIVITY ANOMALIES 

To eliminate possible errors in the calculations of the initial reactivity

of the core and the reactivity depletion rate, the predicted relation between 

fuel burn-up and the boron concentration, necessary to maintain adequate, 

control characteristics,'must be adjusted (normalized) to accurately reflect 

actual core conditions. When full power is reached initially, and with 

the control rod groups in the desired positions, the boron concentration 

is measured and the predicted curve is adjusted to this point. As power 

operation proceeds, the measured boron concentration is compared with the 

predicted concentration and the slope of the curve relating burn-up and 

reactivity is compared with that predicted. This process of normalization 

should be completed after about 10% of the total Core burn-up.. Thereafter, 

actual boron concentration can be compared with prediction, and the reactivity 

status of the core can be continuously evaluated. Any reactivity anomaly 

greater than 1% would be unexpected, and its occurrence would be thoroughly 

investigated and evaluated. The methods employed in calculating the reactivity 

of the core vs. burnup and the reactivity worth of boron vs. burnup are 

given in Section 3.2.1.  

3.3.2 THERMAL AND HYDRAULIC TESTS AND INSPECTIGAS 

General hydraulic tests on models are used to confirm the design flow 

distributions and pressure drops (1,2). Fuel assemblies and control and 

drive mechanisms are also tested. On-site measurements are made to con

firm the design flow rates.
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Vessel and internals inspections are also reviewed to check such thermal 

and hydraulic design values as bypass flow. As- part--of startup physics 

testing a series of core power distribution measurements are made over the 

entire range of operation in terms, of control, rod con-figuration, and.power., 

level; by means. of the dore moveable detector system,., These measurements,.are, 

analyzedand !the results compared with! the analytical predictions upon, whichL 

safety' analysis .is -based 'with regard -to °both radialr and axial. power distri-

bution. The .design hot channel, fact'ors- are used as: criteria for acceptable.

results . . - - - , -- - - _1 

3.3.3.'C ORE COMPONENT -TESTS AND, INSPECTIONS, . . . , .... , 

To ensure conformance:of -all materials., :components and. assemblies -to -t-he 

design:requirements, a re lease epoint programwis estab.ished.with ,the assembly 

manufacture which r equires upgrading:o~f q l raw mater-ials,, special -processes,

i.e., welding,-. heat ;treating, nonde structiye tes,ting,-,,etc.. and, those -chara- -

cteristics of detail parts which directly af ffeqt the, assembly: and al:ignment

r~of. the- reactor internals. - The upgradingis_ accomplished ,by..the issu-ance of 

an Inspection Release -by. qualityt control ;(QC) -after .conformance; hasb..been ..  

verified. - -' .

A resident QC representative performs a surveillance/audit program at the 

manufacturer's facility and witnesses the required tests and inspections 

and issues the inspection releases. An example is the radiographic examina

tion of the welds joining -core barrel shell courses.  

Components and materials supplied by Westinghouse to the assembly manufacture 

are subjected to a similar program. Quality Control engineers develop in

spection plans for all raw materials, components and assemblies. Each level 

of manufacturing is evaluated by a qualified inspector for conformance i.e.  

witnessing the ultrasonic testing of core plate raw material. Upon completion 

of specified events, all documentation is audited prior to releasing the 

material or component for further manufacturing. All documentation and 

inspection releases are maintained in the Quality Control central records 

section. All materials are traceable to the mill heat number.
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TABLE 6.2-3

BORON INJECTION TANK DESIGN PARAMETERS 

Number 

Total volume, ft
3 

Minimum Volume at operating conditions 

(solution), gal.  

Boron concentration (as boric acid)nominal, ppm 

Design pressure, psig 

Design temperature, °F 

Operating pressure, psig 

Operating temperature, OF 

Material 

Heater power, kw

1 

2700 

2150 

20,000 

100 

250 

70 

150 - 180 

Stainless steel 

3

N-3



TABLE 6.2-4

REFUELING WATER STORAGE TANK DESIGN PARAMETERS

Number 

Material 

Total volume, ft
3 

Minimum volume, (solution) gal.  

Normal pressure, psig 

Operating temperature, 0F 

Design pressure, psig 

Design temperature, 'F 

Boron concentration (as boric acid), ppm

Type of Heating

1 

Stainless Steel 

395,000 

350,000 

atmospheric 

above freezing 

atmospheric 

120 

2500

Steam

N-4



REACTOR TRIP 

1. Manual 

2. Overpower n

TABLE 7.2-1 

LIST OF REACTOR TRIPS & CAUSES OF ACTUATION OF: ENGINEERED SAFETY FEATURES, CONTAINMENT 
AND STEAM LINE ISOLATION & AUXILIARY FEEDWATER 

COINCIDENCE CIRCUITRY AND INTERLOCKS CON! 

1/2, no interlocks 

uclear flux 2/4 Hieh and im

4ENTS

, ettine.u: manual

block and automatic reset of 
low setting by P-10 Permissive 
10, Table 7.2-2

Overtemperature AT 

Overpower AT 

Low pressurizer pressure 

High pressurizer pressure 
(fixed set point) 

High pressurizer water level 

Low reactor coolant flow 

Reactor coolant pump breaker 

Undervoltage on reactor coolant 
pump bus

2/4, 

2/4, 

2/4, 

2/3,

no interlocks 

no interlocks 

blocked by P-7 

no interlocks

2/3, blocked by P-7 

2/3, per loop blocked by 
P-7, P-8 
1/1, per loop, blocked by 
P-7, P-8 

2/4 blocked by P-7 Reactor coolant pump breaker is 
tripped on underfrequency

9. Safety injection signal (Actuation) 1/3, (pairs of low pressurizer pressure 
and low pressurizer water level, manual 
block permitted by 2/3 low pressurizer 
pressure): or 2/3 high containment pressure 
(Hi level): or 2/3 high differential 
pressure between any two steam generators: 
or manual 1/2: or 2/4 high steam flow 
(Blocked by 3/4 high Tavg and 3/4 high 
steam pressure).



TABLE 7.2-1 (Continued)

O REACTOR TRIP COINCIDENCE CIRCUITRY AND INTERLOCKS

10. Turbine-generator 
(Low auto stop oil pressure signal)

Low feedwater flow
1 11.

12. Low-low steam generator water 
level 

13. High intermediate range 
nuclear flux 

14. High source range nuclear flux 

CONTAINMENT ISOLATION ACTUATION 

15. Safety Injection Signal (Phase A) 

16. Containment pressure (Phase B) 

17. High dontainment activity

2/3, blocked by.P-7 

1/2 coincidence low steam generator water level and 

low feedwater flow, any loop 

2/3, per loop

1/2, manual block permitted by P-10 

1/2, manual block permitted by P-6, 

also blocked by P-10

See Item 9

Coincidence of two 2/3 containment 
pressure (Hi-Hi pressure, same signal 
which actuates containment spray), 
or manual 2/2 

High activity signal, from air 

particulate detector or radiogas 
detector. (1/2)

Manual block and automatic reset

II II II TI II

Actuates all non-essential service 
containment isolation-trip valves 
and actuates Isolation Valve Seal 
Water System 

Actuates all essential service 
containment isolation trip 
valves 

This additional signal closes 
containment purge supply, 
exhaust ducts and pressure 
relief duct only.

ENGINEERED SAFETY FEATURES ACTUATION 

18. Safety injection signal (S) 

19. Containment spray signal (P)

.See Item 9

Coincidence of two 2/3 containment 
pressure (Hi-Hi pressure); or manual 2/2 

when SI Signal is present.

If SI Signal is not present, m.aual 
2/2 to reposition valves and 

iseparate manual pump start

0

COMMENTS



TABLE 7.2-2 

INTERLOCK AND 
PERMISSIVE CIRCUITS

Input for Blocking

Prevent rod withdrawal 
on overpower 

Auto-rod withdrawal 
stop at low powers 

Auto-rod withdrawal 
stop on rod drop 

Steam dump interlock 

Manual block of source 
range level trip 

Permissive power (block 

various trips required 
only at power) 

Block single primary 
loop loss of flow trip 

Manual block of low 
trip (power range) and 
intermediate range trips

1/4 high nuclear flux (power range) 
or 1/2 high nuclear flux (inter
mediate range or 1/4 overtemperature 
AT or 1/4 overpower AT.  

Low MWe load signal 

1/4 rapid decrease of nuclear flux 
(power range) or 1/1 rod bottom 
indication 

Rapid decrease of MWe load signal 

1/2 high intermediate range flux 
allows manual block, 2/2 low inter

mediate range defeats block 

3/4 low-low nuclear flux (power 

range) and 1/2 low MWe load signal 

3/4 low nuclear flux (power range) 

2/4 high nuclear flux allows manual 

block, 3/4 low nuclear flux (power 
range) defeats manual block

* not applicable to this plant

Number Function

1 j I I



TABLE 7.2-3 

ROD STOPS 

Rod Motion to 
Rod Stop Actuation Signal be blocked 

1. Rod Drop 1/4 rapid power range nuclear Automatic Withdrawal 
flux decrease or any rod 
bottom signal 

2. Nuclear 1/4 high power range nuclear Automatic and 

Overpower flux or 1/2 high intermediate Manual Withdrawal 
range nuclear flux 

3. High AT 1/4 overpower AT or 1/4 over- Automatic and Manual 

temperature AT Withdrawal 

Actuation of rod stop (item 1) initiates a turbine load reduction above 
a given power level.  

Actuation of rod stop (item 3) initiates a load cutback at any power level.  

4. Low Power Low first stage pressure turbine Automatic Withdrawal 
load signals 

5. T 1/4 T deviation from Automatic Withdrawal 
avg avg and Insertion 

Deviation average T 
avg

0

0



Any two units, as a backup to the normal standby AC power supply are capable 

of sequentially starting and supplying the power requirement of one complete 

set of safeguards equipmen t. The units are located in a Class I structure 

located near the Primary Auxiliary Building.  

Each emergency diesel is automatically started by two redundant air motors, 

each unit having a complete 53 cu. ft. air storage tank and compressor 

system powered from a 480 volt motor. The piping and the electrical 

services are arranged so that manual transfer between units is possible.  

Each air receiver has sufficient storage for 4 starts. The diesel will consume, 

however, only enough air for one automatic start during any particular power 

failure. This is due to the engine control system which is designed to 

shutdown and lock-out any engine which did not start during the initial try.  

The emergency units are capable of being started and sequence load begun 

within 10 seconds after the initial signal. The starting system is completely 

redundant for each diesel generator. The units have the capability of 

being fully loaded within 30 seconds after the initial starting signal.  

The starting system is completely redundant for each diesel generator.  

To ensure rapid start the units are equipped with water jacket and lube 

coil heating and pre-lube pump for circulation of lube oil when the unit is 

not running. The units are located in heated rooms.  

An audible and visual alarm system will be located in the main control room 
and will alarm off-normal conditions of jacket water temperature, lube oil 

temperature, fuel oil level, and starting air pressure.  

The abnormal conditions that can shut down the diesel generator during an 

accident are: 

a) overcranking I 

b) low oil pressure 

c) overspeed 
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A shutdown of the diesel generator is indicated in the control room by 

an audible alarm on the control board and by the generator bus voltmeter.  

The diesel generator is designed to start and come up to speed within ten 

seconds after initiation of the starting signal. Failure of the engine to..  

start within the timing period of the overcrank time (20 seconds) indicates 

a malfunction. Shutdown conserves the starting air supply so that the engine 

can be subsequently started after the malfunction is corrected.  

Low oil pressure indicated by two out of three oil pressure switches shuts 

down the diesel generator, since the engine cannot run without proper 

lubrication. Shutdown permits corrective action to be taken before the 

engine is damaged, and the diesel generator can then be returned to normal 

operation, 

An overspeed condition causes improper generator output and therefore, the, 

diesel generator should be shut down for corrective action to be taken to 

restore the generator output to normal.  

The units will use diesel oil spec No. 2. A two hour storage tank is located 

at each of the units. Three fuel oil storage tanks will be on site having 

a capacity of 15,000 gallons each. This capacity will provide sufficient 

fuel to allow two diesels to operate continuously at 3500 kv total for 

54 hours. Transfer of oil from the underground storage tank to automatically 

maintain level in each unit tank is accomplished by a motor driven pump for 

each unit tank. Any oil transfer pump is capable.of serving any one or 

more emergency generator unit tanks through manual valving.  

Additional supplies of diesel oil are available locally. Under normal con

ditions, 25,000 gallons can be delivered on a one or two day notice. Addi

tional supplies are also maintained in the New Rochelle - Mount Vernon 

area (about 40 miles from the plant) and are available for use during 

emergencies, subject to extreme cold weather conditions (increased domestic 

heating usage) and available transportation.
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Diesel-Generator Separation 

The 2350 HP diesel engine-generators are located in a sheet metal, steel 

framed building immediately South of the primary auxiliary building.  

The engine generators are arranged on 13'-0" centers, parallel to each 

other with approximately 10'-0" of clean space between engine components.  

The engine foundations are surrounded with a 6" high concrete curb con

taining sufficient volume to hold all of the lube oil or fuel released from 

a single engine in the event of an inadvertent spill or line break.  

Individual fire detection and automatic protection spray systems are 

provided over each engine and fuel oil day tank. The detection system 

which annunciates in the main control room is designed to sense heat. in 

order to quickly actuate the detection and spray devices. In addition, 

manual fire fighting equipment is located in each personnel access door.  

A control panel is located on the West end of the building which contains 

relays and metering equipment for all three diesel-engine generators. The 

panels are compartmentalized with controls for each engine separated from 

each other. In the event of an electrical fire the event is annunciated in 

the main control building. With the compartmentalized panel design, spread 

of fire to other electrical components is minimized.  

Each diesel generator has its own small fuel storage (day) tank that feeds 

the fuel oil pump on the engine. All day tanks are automatically filled 

during engine operation from three separate underground storage tanks 

outside the diesel generator building. Each storage tank has its own 

supply pump mounted in a manhole opening in the top of the tank above 

oil level. It is therefore unlikely that a fire associated with any one 

of the small fuel oil storage (day) tanks would prevent oil from being 

supplied to the remaining two diesels.
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Loading Description 

Each unit is to be started on the occurrence of either of the following 

incidents: 

1. Initiation of safety injection operation.  

2. Undervoltage on either of the two 6900 volt buses connected to the 

outside power.  

On occurrence of undervoltage the engines run at idle and can be connected 

to deenergized buses by the operator from the control room if desired.  

If there is coincident or subsequent requirement for engineered safeguards, 

automatic sequencing is initiated as follows: 

1. All 480 volt breakers, except those feeding the valve motor control 

centers numbers 26A and 26B, are tripped and all automatically 

operated non-Safeguards' feeders are locked out. All engineered 

safeguards motors are operated from the 480 volt buses.  

2. Connect the diesel generators to their respective buses.  

3. Magnitude of loads for the diesel generators is given in Table 8.2-1.  

Supplement 3 
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TABLE 9.5-1 

FUEL HANDLING DATA 

New Fuel Storage Pit 

Core storage capacity 1/3 

Equivalent fuel assemblies 64 

Center-to-center spacing of assemblies, in. 21 

Maximum keff with unborated water 0.90 

Spent Fuel Storage Pit 

Core storage capacity 1 - 1/3 

Equivalent fuel assemblies 257 

Number of space accommodations for failed 
fuel cans 2 

Number of space accommodations for spent 
fuel shipping casks 1 

Center-to-center spacing of assemblies, in. 21 

Maximum keff with unborated water 0.90 

Miscellaneous Details 

Width of refueling canal, ft. 3 

Wall thickness for spent fuel storage pit, ft. 3 to 6 

Weight of fuel assembly with RCC (dry), lb. %1400 

Capacity of refueling water storage tank, gal. 355,000 

Minimum contents of refueling water storage 
tank for Safety Injection or Spray System 
Operability, gal. 350,000 

Quantity of water required for refueling, gal. 350,000



QUESTION 1.1 

In order to determine whether an extensive survey should be made for 
post-earthquake damage prior to continuing operation, information should be 
available as to the loadings experienced by the structures and Class I 
equipment. Indicate whether, and how, strong motion seismographs will be 
installed, and how determination will be made that the response of structures 
and Class I equipment within allowable design limits.  

ANSWER 

A strong-motion accelerograph will be installed on a concrete slab 

directly on bedrock in the yard area of the plant.  

This model will be equipped with three precision leveling screws and 

provisions for permanent mounting. It will be an automatically actuated 

completely self-contained three component seismograph. Three traces will 

be recorded on 70-mm photographic film measuring ground accelerations 

versus time for two horizontal and one vertical axis.  

In the event of an earthquake a visual inspection will be made of the 

external structures and all accessible internal areas and equipment for 

signs of deformation or damage. The developed traces of the ground 

acceleration will be available for further analysis if any damage is found.
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QUESTION 1.3 

Indicate Class I structures and componen ts which are so located that they 

could be endangered by failure of Glass II or Glass III structures, and 

what protection has been provided these components. Also, can the failure 

of the Glass III cranes endanger any Glass I function? 

ANSWER 

The only Glass I structures and components which are so located that they 

could be endangered by failure of Glass III structures are the Control 

Building, main steam piping and feedwater piping which could be endangered 

by the Class III Turbine Building. No special provisions have been provided 

except in the case of the main steam and feedwater lines up to the isolation 

valves which are protected by the shield wall and the structural frame at 

the north end of the shield wall. Since these are located near the braced 

end of the Turbine Hall, we would not anticipate any structural failure in 

this area.  

The only Class III crane whose failure could endanger any Class I function 

is the Fuel Storage Building crane. Failure of this crane will not impair 

a safe and orderly shutdown.  

The wheels of the bridge and the trolley are shaped such that sliding per

pendicular to the rail would not be possible. The lateral load from an earth

quake on the trolley crane rail is about 50% greater than the lateral loads 

from impact which the AISC Code specifies for design within working stress 

limits. The stresses on the crane rail are low due to the earthquake load.  

For this reason no failure of the crane rail is anti cipated.  

The manipulator crane in the Containment Building, a Class III crane, is 

restrained from overturning and will not endanger Class I structures.  

Supplement 2 
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the fraction of critical damping was adopted (0.5%). Dr. N. M. Newmark 

recommends a value of 2% for vital piping at or just below the yield 

point. This would reduce the maximum amplification of the ground accelera

tion. (4) The maximum longitudinal stresses due to pressure, deadweight, 

and seismic loads are presumed to occur at the same cross-section and some 

point-in the cross-section.  

Some averaging of the response spectra is performed to smooth out the 

erratic response of the earthquake's random behavior. At the high frequency 

end of the spectra, the acceleration levels of the smoothed spectra converge 

to the values of the unsmoothed spectra.  

It is therefore concluded that design procedure, used to design Class I 

seismic restraints for Indian Point Generating Station - Unit No. 2, is 

conservative.  
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QUESTION 5.11 

(b) With regard to the design of the interior structure of the containment used 
to support and enclose the primary system and other equipment provide the 
following: 

Indicate the design pressures and the design temperature differentials 
that were used for different chambers within the strcuture.  
Provide the basis or method of determination of the above.  
Provide a sketch summarizing the above information.  

ANSWER 

The evaluation of containment internal structures appears on page. 14.3.4-22.  

The design conditions for internal containment walls is explained in the 

response to Question 5.11a. Temperature differential conditions as a result 

of a LOCA are considered to be of such short duration that the effects were 

not used in the design of interior structures for stress analysis. A 

sketch of the design conditions is given in Figure 5.11(b)-l.
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SQUESTION 5.16 / he reactor pressure vessel is enclosed by the vessel avity. This cavity 
in orporates the structural support for the vessel and provides missile ~shie ding against the highly unlikely failure of the reactor vessel.  

5.16.1 Present and discuss the structural d sign provisions for the 
cavity as they relate to potentia ressure vessel failure.  

ANSWER 

The reactor pressure vssel is encloyd by a 6'-0 thick circular reinforced 

coceeSil Wal "hc idesigned to sustain the internal pressure 

adprovide missile frt~ o! the Containment and Liner in the highly 

rseunlikely failurewilb of the reaetor/vessel _ 9 due to a longitudinal split. All 

stesswl emaintained thin 90percent of specified minimum ultimate 
rebar tensile stress. / / \ 

In the event of a circ ferential re ctor break the 1/4" base mat liner ° 

plate at the bottom/ the Containment Reactor Cavity Pit directly under 

the reactor vessel is protected by 2'-0 efconcrete with a 1" steel liner 

plate embedded o top of the concrete. Be ow the containmentl base mat 

lin2ers Platehis 4g 1/2 feet of concrete poured o rock. (See Figure 5. 16, 

shets1 hr9gh6)

3/70
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5.0 Corrosion of Aluminum Alloys

Corrosion testing has shown that aluminum alloys are not compatible 

with alkaline borate solution. The alloys generally corrode fairly 

rapidly, at the post accident condition temperatures, with the 

liberation of hydrogen gas. A number of corrosion tests were 

conducted in the PWRD laboratories and at ORNL facilities. A 

review of applicable aluminum corrosion data is given in Table 6.3-4 

and on Figure 6.3-8.  
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Corrosion of

Table 6.3-4 

Aluminum Alloys in Alkaline Sodium Borate Solution

Temperature 

OF 

275 

275 

200

210 

210 

284 

284 

212 

212 

150 

150

Alloy Type 

5053 

5005 

6061

Data 
Point 

1 

2 

3 

4

Test 

Duration 

3 hrs.  

3 hrs.  

320 hrs.  

7 days

days 

days 

day 

day 

days 

days 

days 

days

Corrosion 
Rate 2 
mg/dm /hr 

96.2 

840 

15.4

53.0 

14.0 

27.1 

54 

31.5 

126 

110 

2.9 

4.2

pH 

9 

9 

9.3

9 

9 

9.3 

9.3 

9.3 

9.3 

9.3 

9.3

Exposure 

Condition 

Solution 

Solution 

Solution 

Solution 

Solution 

Solution 

Spray 

Solution 

Spray 

Solution 

Solution 

Solution

Reference 

WCAP-7153, Table 9 

WCAP-7153, Table 9 

WCAP-7153, Table 8 
WCAP-7153, Figure 9 

WCAP-7153, Table 7 
WCAP-7153, Figure 8 

WCAP-7153, Table 5 

WCAP-7153, Table 5 

bRNL-TM-2425, Table 

ORNL-TM-2425, Table 

ORNL-TM-2368, Table 

0RNL-TM-2368, Table 

PWRD recent data 

PWRD recent data

0

5052 

5052 

5005 

5052 

5052 

6061 

6061 

6061 

5052

0 

CD 

I-' 

0 

rt

3.13 

3.13 

3.6 

3.6



6.0 Compatibility of Protective Coatings with Post Accident Environment 

The investigation of materials compatibility in the post accident 

design basis environment also included an evaluation of protective 

coatings for use in containment.  

The results of the protective coatings evaluation presented in 

WCAP-7198 (1 2 ) , showed that several inorganic zincs, modified 

phenolics and epoxy coatings are resistant to an environment of high 

temperature (320°F maximum test temperature) and alkaline sodium 

borate. Long term tests included exposure to spray solution at 

150 - 175°F for 60 days, after initially being subjected to the 

conservative DBA cycle shown in Figure 6.3-3. The protective 

coatings, which were found to-be resistant to the test conditions, that 

is, exhibited no significant loss of adhesion to the substrate nor 

formation of deterioration products, comprise virtually all of the 

protective coatings recommended for use in containment. Hence, the 

protective coatings will not add deleterious products to the core 

cooling solution.  

It should be pointed out that several .test panels of the recommended 

types of protective coatings were exposed for two design basis 

accident cycles and showed no deterioration or loss of adhesion 

with the substrate.  

Supplement 2 

Q 6.3-19 10/69

I , 1;



7.0 Evaluation of the Compatibility of Concrete-ECC Solution in the 

Post Accident Environment 

Concrete specimens were tested in boric acid and alkaline sodium 

borate solutions at conditions conservatively (3200F maximum 

and 200*F steady state) simulating the post DBA environment.  

The purpose of this study was to establish: 

a) the extent of debris formation by solution attack of the 

concrete surfaces.  

b) the extent and rate of boron removal from the ECC solution 

through boron - concrete-reaction.  

Tests were conducted in an atmospheric pressure, reflux apparatus to 

simulate long term exposure conditions and in a high pressure 

autoclave facility to simulate the DBA short term, high temperature 

transient.  

For these tests the total surface area of concrete in the design 

containment which may be exposed to the ECC solution following a 

DBA was estimated at 6.3 x 104 square feet. This value includes 

both coated and uncoated surfaces. The ECC solution volume for a 

reference plant was considered at approximately 313,000 gallons and 
2 

the surface to volume ratio from these values is " 29 in /gallon.  

The surface to volume ratios for the concrete - boron tests used 

were between 28 and 78 in 2/gallon of solution. Table 6.3-5 presents 

a summary of the data obtained from the concrete - boron test 

series.  

Testing of uncoated concrete specimens in the post accident 

environment showed that attack by both boric acid and the alkaline 

Supplement 2 
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boric acid solution is negligible and the amount of deterioration 

product formation is insignificant. Other specimens covered 

with modified phenolic and epoxy protective coatings, showed no 

deterioration product formation. These observations are in 

agreement with Orchard who lists the following resistances of 

Portland Cement concrete to attack by various compounds: 

boric acid - little or no attack 

alkali hydroxide solution under 10% - little or no attack 

sodium borate - mild attack 

sodium hydroxide over 10% - very little attack 

Exposure of uncoated concrete to spray solution between 320*F and 

210*F has shown a tendency to remove boron very slowly, presumably 

precipitating an insoluble calcium salt. The rate of change of boron 

in solution was measured at about 130 ppm per month with pH 9 solution 

at 210*F for an exposed surface of about 36 square inches per gallon 

of solution (much greater than any potential exposure in the 

containment). The boron loss during the high temperature transient 

test (320*F maximum) was about 200 ppm. Figure 6.3-9 shows a 

representation of the boron loss from the ECC solution versus time, by 

a boron - concrete reaction following a DBA. The time period from 

0 - 6 hours shows the loss during a conservative high temperature 

transient test, ambient to 320'F to 2850F. The data from 6 hours 

to 30 days is based on 210'F data.  

A depletion of boron at this rate poses no threat to the safety of 

the reactor because of the large shut down margin and the feasibility 

of adding more boron solution should sample analysis show a need for 

such action.  
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Table 6.3-5 

Concrete Specimen Test Data 

Total Exposed Initial 
Concrete- Exposure Weight Specimen 
Boron Period Surface/Volume Change Weight 
Test # (Days) (in2/gal)' (Grams) (Grams) Visual Examination 

1 24 28 -22.4 560.0 No apparent change 

3 28 20 +21.5 404.0 Light, yellowish, deposit 

on specimen 

4 (a) 72 38 0 641.2 No apparent change 

coating adhesion excellent 

5 72 43 -0.2 769.5 Light, hard deposit on 
specimen 

(b 
6 IV 4  54 601.4 No apparent change - small 

amount of sand particles 

in test can 

7 175 23 +11.0 457.0 No apparent change 

8 (a) 175 38 +26.5 751.0 No apparent change 
coating adhesion excellent 

S9 (a) 5 (b) 78 +4.0 702.0 No apparent change 

coating adhesion excellent 

(a) 

(a) These specimens coated with Phenoline 305. All others were uncoated.  

(b) These tests were at high temperature DBA transient conditions. All others at 195 - 2050 F.



8.0 Miscellaneous Materials of Construction

8.1 Sealants 

Candidate sealant materials for use in the reactor containment system 

were evaluated in simulated DBA environments. Cured samples of 
various sealants were exposed in alkaline sodium borate solution, 
pH 10.0, 3000 ppm to a maximum temperature of 320*F.  

Table 6.3-6 presents a summary of the sealant materials tested 

together with a description of the panels appearance after testing,.  
Three generic types of sealants were tested:. butyl rubber, silicone, 

and polyurethane. Each of the materials was the "one package" type, 

that is no mixing of components was necessary prior to application.  

The materials were applied on stainless steel and allowed, to cure 

well prior to testing.  

The test results showed that the silicone sealants tested were 

chemically resistant to the DBA environment and are acceptable for 

use in containment.  

Sealant 780 by Dow Corning Corporation would be acceptable for use 

in the containment.. Major applications of this sealant could be as 
concrete expansion.joint sealant on the liner insulation panels.  
Sealant 780 will contribute no deterioration products to the ECC 
solution during the post DBA period and will maintain its structural 

integrity and elastic properties.  

8.2 PVC Protective Coating 

Tests were conducted to determine the stability of the polyvinyl 

chloride protective coating, of the type which might be used on 
conduit in the DBA environment. Samples of the PVC exposed to 
alkaline sodium borate solutions at DBA conditions showed no loss 

in structural rigidity and no change in weight or appearance.  
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A sample of PVC coated aluminum conduit (1" O.D. x 8" length) was 

irradiated by means of a Co-60 source, at an average dose rate of 

3.2 x 106 rads/hr to a total accumulated dose of 9.1 x 107 rads.  

Thespecimen was immersed in alkaline sodium borate solution 

(pH 10, B = 3000 ppm) at 70*F. ' Visual examination of the coating 

after the test showed no evidence of cracking, blistering or 

peeling and the specimen appeared completely unaffected by the 

gamma exposure. Chemical analysis of the test solution indicated 

that some bond breakage had occurred in the PVC coating as 

evidenced by an increase in the chloride concentration. The 

gamma exposure of 'V 108 rad resulted in a release to the solution 

of 26 mg of chloride per square foot of exposed PVC surface.  

Considering a total surface area of PVC coating present in containment 
2 (' 500 ft ) and the ECC solution volume of 313,000 gallons, the 

chloride concenrtation increase in the ECC solution due to 

irradiation of the coating, would be nu 0.01 ppm.  

It is concluded, therefore, that PVC protective coating will be 

stable in the DBA environment.  

8.3 Fan Cooler Materials 

Samples of the following air handling system materials were exposed 

in an autoclave facility to the DBA temperature - pressure cycle: 

a) mositure separator pad 

b) high efficiency particulate filter media 

c) asbestos separator pads 

d) adhesive for joining separator pads and HEPA filter media corners 

e) neoprene gasketing material 
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The materials were exposed in both the steam phase and liquid phase 

of a solution of sodium tetraborate (15 ppm B) to simulate the 

concentrations e pected down stream of the' fan cooler cooling coils.  

Examination of the specimens after exposure showed the following: 

a) moisture separator pads were somewhat bleached in color but 

maintained their structural form and showed good resiliency as 

removed in both liquid and steam phase exposure.  

b) high efficiency particulate filter media maintained its structural 

integrity in both the liquid and steam phase. No apparent change.  

c) asbestos separator pads showed some slight color bleaching, 

however, both steam and liquid phase samples maintained their 

structural integrity with no significant loss in rigidity.  

d)- adhesive material for the HEPA/separator pad edges showed no 

deterioration or embrittlement and maintained its adhesive 

property.  

e) neoprene gasketing material is also satisfactory in both the 

steam and liquid phase. The material showed only weight gain and 

a shrinkage of 15 to 30 percent based on a superficial, one 

flat side area. The gasket thickness decreased about 10 percent.  

The gasket material was unrestrained during the exposure and 

hence the dimensional changes experienced, are greater than those 

which would result in the fan cooler unit.  
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Table 6. 3-6 

Evaluation of Sealant Materials for Use in Containment

ManufacturerSealantType 

Butyl rubber

Silicone 

Silicone

Polyurethane

Polyurethane

Polyurethane

Q 6.3-26

Post-Test Appearance 

Unchanged, flexible 

Unchanged, flexible 

Unchanged, flexible 

Sealant bubbled and 
became very soft.  
Solution permeated 
into bubbles.  

Sealant swelled and 
became soft, solution 
permeated into 
material.  

Sealant swelled, very 
soft and tacky, 
solution permeated 
into material.  

Supplement 2 
10 /69

: I I



LIST OF REFERENCES 

(1) Bell, M. J., Bulkowski, J. E. and Picone, L.F., Investigation of 
Chemical Additives for Reactor Containment Sprays, WCAP-7153, 
March 1968. Westinghouse Proprietary.  

(2) ORNL Nuclear Safety Research & Development Program Bimonthly 
Report for July - August 1968, ORNL TM-2368, p. 78.' 

(3) ORNL Nuclear Safety Research & Development Program Bimonthly 
Report for September - October 1968, ORNL TM-2425, p. 53.  

(4) Swandby, R. K., Chemical Engineer 69, 186 (November 12, 1962).  

(5) Hoar, T. P., and Hines, J. G., "Stress Corrosion Cracking of 
Austenitic Stainless Steel in Aqueous Chloride Solutions", Stress 
Corrosion Cracking and Embrittlement (ed. W. D. Robertson) John 
Weley and Sons, 1956.  

(6) Latanision, R. M., and Staehle, R. W., "Stress Corrosion Cracking 
of Iron - Nickel Chromium Alloys", Department of Metallurigcal 
Engineering, The Ohio State University.  

(7) Warren, D., Proceeding of Fifteenth Annual Industrial Work 
Conference, Purdue University, May, 1960.  

(8) Edeleanu, C., JISI 173 1963, 140.  

(9) Thomas, K. C., et al, "Stress Corrosion of Type 304 Stainless 
Steel in Chloride Environment", Corrosion, Volume 20, 1964, 
p. 89t.  

(10) Sharfstein, L. R., and Brindley, W. F., "Chloride Stress Corrosion 
Cracking of Austenitic Stainless Steel - Effect of Temperature 
and pH", Corrosion, Volume 14, 1958, p. 588t.  

(11) ORNL Nuclear Safety Research & Development Program Bimonthly 
Report for March - April, 1969, ORNL TM-2588.  

(12) Picone, L. F., "Evaluation of Protective Coatings for Use in 
Reactor Containment", WCAP-7198L, April 1968. Westinghouse 
Proprietary.  

(13) Orchard, D. F., "Concrete Technology Volume 1", Contractors Record 
Limited, London, 1958.  

Supplement 2 

Q 6.3-27 10/69



FIGURE 6.3-9 BORON LOSS FROM BORON - CONCRETE REACTION FOLLOWING A DBA
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QUESTION 7.12 

Describe what information is available to the control room operator 
which would allow him to recognize that the door to the reactor 
protection system panels have been opened improperly (e.g., two 
doors are open at the same time). Page 7.2.2.3-3 of the Beaver 
Valley PSAR indicates each panel has an associated annunciator.  

ANSWER 

Because of the control room arrangement, access to the protection 

racks is under the administrative control of the plant operator.  

Opening of a rack door is not annunciated.

Supplement I 

10/69Q 7.12-1



QUESTION 9.5 

The FSAR on page 14.2.1-3 states that "Crane facilities do not permit 
the handling of heavy objects, such as a spent fuel shipping container, 
above the fuel racks." Please describe how this objective is implemented 
in the facility layout.  

ANSWER 

The Fuel Storage Building crane will be prevented from traveling over the 

spent fuel racks when it is moving the shipping cask or other equipment 

loads over the spent fuel storage area when spent fuel is in the pit. This 

interlock is accomplished by using a load cell and limit switches. At a 

predetermined maximum hook load, limit switches on the beam and trolley 

would be activated, preventing movement of the trolley beyond the pre

determined envelope.  

During normal operation when the spent fuel cask is being placed in or 

removed from its position in the spent fuel pit, the electrical interlock 

will make it impossible for the bridge of the crane to travel further north 

than a point directly over the spot reserved for the cask in the pit.  

Likewise, the electrical interlock will be used in conjunction with the 

trolley so that it cannot be moved in east-west direction from its position 

over the cask. The crane will be able to move the cask in a north-south 

direction between its loading position in the pit and the decontamination 

area immediately south of the pit, but east-west movement during this 

operation will be prohibited.  

Figure 9.5-1 shows the plan arrangement of the Fuel Storage Building.  
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QUESTION 14.6 

Based on our evaluation of the fuel handling accident, we have concluded 
that the design bases for equipment in the fuel handling area should con
sider that all rods in an assembly could be perforated by dropping a fuel 
assembly during refueling. In calculating resulting offsite exposures 
we assume that 20% of the noble gas and 10% of the halogen would be released 
and that 90% of the halogens would be retained in the fuel storage pool.  
The resulting thyroid dose at the site boundary is in excess of 10 CFR 
100 guidelines. Please state what corrective measures or design changes 
will be made to insure that offsite doses resulting from this accident 
will be less than the 10 CFR 100 guidelines.  

ANSWER 

A review of the safety factors bearing on the fuel handling accident has 

been conducted. The purpose of this review is to substantiate more fully 

those feature's inherent in the present facility design which limit the 

consequences of a fuel handling accident. Several comments regard ing this 

review are discussed below.  

In the preliminary and final safety analyses for Indian Point Unit 2, the 

accidental rupture of one row of (15) fuel rods was assumed which resulted 

in a dose below 10CFR100 limits. The perforation of all rods proposed 

by the question is consistent with the overall safety philosophy applied 

to accidents of low probability, hence the full-assembly break with doses 

within 10CFR100 limits is adopted as a design criterion for the fuel 

handling accident.  

The basis for calculating the off-site dose, as set forth in the above 

question, makes several assump~t-lbns regarding the release and transport of 

iodine which appear to be excessively conservative in view of evidence now 

being compiled. The following points-are particularly significant: 

a) The assumption that 10% of the fuel iodine inventory is available for 

release as a volatile compound would apply to fuel operating at peak 

pellet power density within a plenum of sufficient volume that the 

vapor pressure limit is not exceeded by the quantity of iodine to be 

914.6-1 Supplement 6 
2/70



contained. If the reasonable assumption is made that power density is.  

distributed as in the highest powered assembly at normal discharge burnup, 

a release fraction four times lower is calculated. Taking into account 

the actual plenum volume available for fission gases and the reduced 

temperatures prevailing at shutdown, the factor of four would be enlarged 

to the order of 10 - 20.  

b) Retention of iodine by pool water (absorption from gas bubbles) is 

expected to be substantially more complete than 90%. This factor is 

expected to be supported by data from an experimental program now in 

progress. Preliminary data appear to justify retention in excess of 

99% with adequate allowance for uncertainty. Thus an additional 

conservative factor of at least 10 is inherent in the proposed model.  

Based on the foregoing, it is possible that the off-site thyroid dose resulting 

from the postulated accident could be overestimated by a factor of 200 or more 

using the described model. It is felt that these assumptions proposed as a 

basis for the dose source term are excessively conservative and should not be 

used as a basis for requiring additional safeguards.  

Should it be decided that additional safeguards are appropriate, these 

would take the following form: 

a) Access to the spent fuel storage facility to be restr icted during 

movement of spent fuel assemblies suc h that the large overheadI 

door will be maintained closed, and personnel entry and exit will 

be via personnel doors with spring closers.  

b) Continuous ventilation in the fuel handling facility during fuel 

movement, employing a bank of activated and impregnated charcoal 

filter beds, of a design similar to those used in the reactor 

containment air recirculation system.  

c) Radiation detection equipment.  
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Flooded Operating Weight, lb.

Pressurizer 

Steam Generators 

Reactor 

a) Vessel 

b) Internals 

c) Piping 

Reactor Pumps 

Accumulator Tanks 

175 Ton Polar Crane 

Ventilation Fans 

Reactor Coolant Drain 

Tank 

Pressure Relief Tank 

Other Misc. Equipment

2.1.3

346,000 

3,746,000 

868,000 

420,000 

1,000,000 

824,000 

529,000 

650,000 

656,000 

20,000 

100,000 

100,000 

9,259,000

SNOW LOADS

Snow and ice loads have been applied uniformly to the top surface of the 

dome at an estimated value of 20 pounds per square foot of horizontal 

projection of the dome. This loading represents approximately 2-ft. of 

snow, which was considered to be a conservative amount since the slope 

of the dome tends to cause much of the snow to slide off.

2.1.4 CONSTRUCTION LOADS

A construction live load, of 50 pounds per square foot has been used on 

thd dome, but was not considered to act concurrently with the snow load.  

A load equivalent to the weight of wet concrete, placed in sections 

during construction of the concrete dome, was used for the design of the 

stiffened dome liner plate.
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2.1.5 WIND LOADS

The American Standards Association "American Standard Code Requirements for 

Minimum Design Loads in Buildings and Other Structures" (A58.1-1955) designates 

the site as being in a 25 psf zone. Tn this code, for height zones between 

100 and 499 feet, the recommended wind pressure on a flat surface Is 40 psf.  

Correcting for the shape of the containment by using a shape factor of 0.60, 

the recommended pressure becomes 26 psf. The State Building and Construction 

Code for the State of New York stipulates a wind pressure up to 30 psf on a 

flat surface for heights up to 300 feet. For design, a uniform 30 psf basic 

wind load has been used from ground level up.  

While not an initial design considei-ation, the containment has been investigated 

for tornado load effects as described in Appendix B.  

2.1.6 OPERATING TEMPERATURE 

The operating temperature assumed in the design of the containment structure 

in 1200 F, with a -5F' outside winter temperature. Thermal loads induced in 

the containment as a result of operating temperature effects are composed of 

a) the steady state temperature gradient through the wall as shown in Figure 

1.1 for Winter conditions for both the insulated and uninsulated portions of 

the liner and b) the effective load induced in the concrete shell as the concrete 

acts to restrain the steel liner when the mean temperature of the concrete 

differs from that of the liner.  

2.1.7 CREEP AND SHRINKAGE LOADS 

The containment structure has been investigated for end of life creep and shrinkage 

factor as follows: 

(a) k(creep) =0.22 x 10- 6in/in/psi 

(b) k (shrinkage) =70 x 10- 6in/in 

The maximum stress induced in the steel reinforcement by this maximum condition 

is less then 4000 psi. Since the limiting case for design is accident pressure 

load which effectively cracks the concrete and places the reinforcement into 

membrane tension creep and shrinkage induced stress are not a limiting factor 

in design.  
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CONTAINMENT ANALYSIS METHODS AND COMPARISON WITH CRITERIA

3.1.0 GENERAL CONTAINMENT LOADS 

3.1.1 DEAD LOAD 

The weight of the concrete structure above the point under consideration 

3 
based on a density of 150#/ft which includes only the weight of the 

reinforced concrete structure. Since the maximum rebar stress occurs in 

tension it is conservative not to consider snow loads or any other 

load which will add to the dead load.  

The formula for dead load in k/ft at any point is 

TDL 150 Vi/2TrR (3.1.1) 

where: 

Vi = the volume of concrete in feet cubed above point i 

;R =mean radius in feet 

T = the dead load at any point inin the 
DL.  

s-tructure (k/ft) of wall 

The horizontal thrust from the dead weight of the dome is 

computed by considering 

H = -T + wr cos 0 (3.1.2) 
0 

and 

W T = (3.1.3) 

2 
27r sin 0 

where:: 

W = 2r 2 w(l-cos 0 ) (3.1.4) 

H = the horizontal or hoop thrust in the dome in k/ft of shell 

r = mean radius of dome in feet 

00 = the central angle measured from the top of the dome to the 

point under consideration 

W = the total weight of the dome above the point defined by 

0 in kips 

w =the dead load per unit surface area of shell in k/ft.  

T = the vertical or meridianal thrust in the dome in k/ft of shell 
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3.1.2 DESIGN BASIS ACCIDENT PRESSURE LOAD 

Membrane pressure loads in the vertical direction in the cylinder 

and either direction in the dome are determined by 

P = pR (3.1.5) 2 

For the horizontal or hoop direction in the cylinder 

(3.1.6) 

where: 

P = pressure load in #/in of wall 

p = internal design pressure in #/in
2 

R = mean radius in inches 

3.1.3 DISCONTINUITY MOMENT AND SHEAR LOAD 

The bending moments, shears and deflections induced in the cylindrical 

shell by the restraint provided by the base, are found by considering 

(1) 
a cylindrical shell with a uniform internal pressure . Using 

the general equations for deflection and slope for cylinder with 
I 

end/moment and shear, and substituting boundary conditions of w = 6 

and 8 = 0 at X = 0 (the built in end) where 6 = the unrestrained growth 

of a cylinder under uniform internal pressure, one obtains formulae 

for the moment and shear at the built-in end to cause zero deflection 

and rotation 

Mo -22 and Q = - (3.1.7) 
2o 

where: 

P = the internal pressure in #/in 

82 [Eshs 2 (3.1.8) L4a D 
E h 3  (flexural rigidity of the shell) (3.1.9) 

Cc 

12 (l-) 

hc = area of horizontal steel and liner in the cylinder which 

acts as a spring constant (in /in) 

a = mean radius of the containment cylinder in inches c 

h = effective depth or thickness of the wall 
c 
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P = Poisson's ratio = 0 for cracked concrete 

E = modulus of elasticity of steel = 29 x 106 psi

E = modulus of elasticity of concrete = 3.2 x 10 psi 
c 

M =- moment at built in Section to cause 0 rotation 
0 

Q shear at built in Section to cause 0 deflection 
Q0 

Substituting these values in the following expressions, values for 

bending moment, shear and deflection at any distance from the end can 

be found: 
1'

a w - [6M 
x 2 3D 0 

dw I 

dx 2D 
d2w 

M =Ddw -1 

x 2  2MD 

3 

V d-w[U M 6 x 3 D 0 
dx

T (ax) + Q 0e (x)]

[2U M 0 ( x) + Qo (i x)] 

[2a M 0 (Sx) + Qo6( x)] D 
0 0

(rx) - Qo Y (ax)] D

(3.1.10)

(3.1.11) 

(3.1.12)

(3.1.13)

where: 

(ax) = e-  (cos x + Sin Ox) 

-Ox 
T (Ox) = e (cos x -Sin Ox) 

(Ox)= e- cos Ox 

-Ox 
6 (Ox) =e Sin ax 

A = the deflection of the shell atx 
x 

a = the slope of the shell at K 

M = the moment of the shell atx 

x 

V = the shear in the shell atx

3.0-3
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From these values Figures 3.1 and-3.2 are plotted showing moment and 

shear vs. height of wall in inches. The effect of backfill on the 

restraint provided the containment cylinder was evaluated and the 

-resultant shift in restrain moment and shear higher into the shell was 

determined not a design factor.  

The problem of determining the discontinuity moment and shear at 

the springline is similar to that at the base. Discontinuity forces 

at the dome--cylinder junction are only a function of the relative 

deformation at this point, since the rotations of the cylinder and 

of the dome due to the internal pressure are zero and therefore present 

no discontinuity. The extension of the radius of the cylindrical 

shell due to the internal pressure is given by 

Pa 2 

C E c (1 - p/2) (3.1.14) 

ss 

and the unrestrained extension of the dome (6 D) is given by 

2 
PaD 

D = D (i-u) (3.1.15) 2 Esh 

where: 

aD = mean radius of the containment dome in the inches 

D 
hS = area of horizontal steel and liner of the dome which acts 

as a spring constant (in /in) 

Since the area of the hoop steel per foot in the dome is approximately one 

half that of the cylinder, the values of 6 and 6 are nearly equal and 
C D 

therefore the relative deformation is insignificant.  

In calculating the'discontinuity effects, the bending is of a local 

character so that an approximate solution can be obtained by assuming 

that the bending is of importance only in the zone of the dome close 
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to the springline and that this zone can be treated as a portion of 
a long cylindrical shell. Equations of continuity for deflection and 
rotation are written such that the values of M and Q at the springline 
may be found. The distribution of the moment and shear into the dome 
and the cylinder are then found by substituting M and Q into Eqs.  

0 0 
3.1.12 and 3.1.13.  

3.1.4 BASE MAT LOADS 

The beam shears and moments in the base mat can be calculated by considering 
the loads shown acting on a l'-O wide beam. The l'-O strip of mat 
to be considered is located at the point where the uplift from the 
overturning moment in the containment due to earthquake is maximum.  
This gives the maximum moments and shears in the strip.  

The loads considered as shown in Figure 3.3 are 

U P + T +T -T in k/ft (3.1.16) T EQ +V DL 

where: 

P = design basis loss-of-coolant accident pressure effect load 

in the wall in k/ft of wall 
T the tensile load k/ft of wall developed by the earthquake EQ 

overturning moment 

TV  = the effective tensile load or reductio of dead load in k/ft 
of wall caused by response of the containment structure to 

vertical earthquake motion.  

T = the dead load in the wall in k/ft M base discontinuity moment defined in Section 3.1.3 
V' = base discontinuity shear defined in Section 3.1.3 

u 
D = the dead weight of the base mat on the outside of containment 

cylindrical wall center line in k/ft 
C -the reaction of the internal structural support columns whichW are based 

on the 3'-0 reinforced concrete fill mat; in all cases equal to 

50 K spaced every 23'-0 
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E = average dead weight of the backfill on top of the l'-O ledge 

w 12 p +-2 -; the effective uniform load acting on a 1' wide segment 

of the base slab per inch of segment length 

where p = the containment internal pressure in kips/in
2 

= the density of reinforced concrete in #/ft 3 = 150#/ft 3 

z = the total depth of section including the 3'-0 fill slab.  

The crane wall reaction in k/ft is determined by 

R =D + D + P (3.1.17) 
c O c 

where: 

Dc = pt H; or the dead weight of the crane wall in k/ft 
tc = the thickness of the crane wall 3.0 ft 

H = the height of the crane wall = 50.0 ft.  

rrR 2 
D = 1 2 or the approximate dead weight of the operating 
o 2 

R, = the outside radius of the operating floor = 53'-0 

R2 = the mean radius of the crane wall 

51'-6 

P = 12 pt or the pressure load acting on the top of the 

crane wall with t1 given in inches 

Moments and shears are calculated by writing equations for moment and 

shear in terms of x as the origin, with x increasing toward the center 

of the containment building and x measured in inches.  
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The formulas are as follows: 

For 0 < x < 201 

V UT - D - 2C - E -wx (3.1.18)% 

with V assumed constant and equal to the volume of V at 201 inches X X 

for the region under the crane wall 201 <x <237.  

For x > 237 

V = U - D - C - w(201) - R - C - w(237-x) - E (3,.1.19) 

or 

V x T -2C- D -R -wx + 36w E .(3.1.20) 

where:.  

V = uplift shear at any point x (inches) in k/ft x 

Equation 3.1.20 is considered applicable until V < 0.  

The design moment in the base slab is 'determined for 0 < x < 201 

2 
M =M + V' e + D(x + 19.5) + w- + C(x 27) -U x + E(x + 33) (3.1.21) ,XU 2 T 

with M assumed constant and equal. to the value of M at 201 inches for the x x 
region under the crane wall 201 < x < 237.  

For x > 237 
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M = M + V' e + D(x + 19.5) + w(201)(x - 105.5) + C(x-27) + E(x + 33) x u

6 w(x -237) 2 
+ C(x- 201) + R(x- 219) + 2 2 3x 2 UT 

or 

' 2 
M = M + V e + D(x + 19.5) + w(1/2 x - 36x + 6850) + 2Cx - 228C 

x U u 

+ R(x - 219) - UTX 

where:

(3.1.22)

(3.1.23)

e = the effective depth of the 9'-0 base mat divided by 2 and 

M = the base moment at any point x (inches) in in-k/ft 
X 

At the point where V < 0 flexural beam action is no longer considered 

since upli:Ft is 0 and the mat acts as a flat circular plate supported on 

a rigid non-yielding foundation.  

Again it should be noted that these maximum values for shear and moment occur 

at only one point on the base slab circumference where the uplift from the 

horizontal earthquake is maximum and decreases to zero 90' from this point;.  

therefore it is considered that the calculations shown are conservative.  

A gradient with an operating temperature of 120'F inside the containment and 

a 50'F temperature at the mat-rock interface was considered and the stresses 

determined are negligible. Accident temperatures have no appreciable effect 

on the base slab.  
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3.1.5 SEISMIC LOAD 

Horizontal Earthquake 

The fundamental frequency and mode shape is found by use of the Modified 
Rayleigh Method as described in reference 2.  

The containment structure is divided, into segments and each is loaded at 
its centroid with a load equal to the weight of the segment (See Figure 3.4).  
Using these loads, shears and moments are calculated and the M/EI diagram 
used to load a conjugate beam. From the conjugate beam the deflection at 
each node including the shear deflection is calculated and normalized by 
setting the maximum deflection equal to 1.0. The fundamental period is 

calculated by' 

T 2 ( Yo Z 42 dm 1 / 2  
(3.1.24) 

g E p dm.  

where: 

Yo = max. deflection at the top of containment in inches 

= normalized deflection at a point 
dm = equivalent load equal to weight of structure represented at node 
g = 386 in/sec

2 

T period in seconds 

Using this period and the response spectral acceleration curve with 2% 
critical damping a coefficent os spectral acceleration of 0.24g is obtained.  
Multiplying this coefficient by the total mass of the structure yields the 
base shear on the structure equal to 13.5 k/in2 

This base shear is assumed distributed up the structure by 

Wh 
F r r V (3.1.25) r IW.  

rr 
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where:

F = horizontal force at node r (See Figure 3.4 for locations) 
r 

W = weight concentrated ar mass r r 

h = height of mass r above the base 
r 

V = total base shear 

The shear at any'section of the cylinder is determined by 

Vi = E Fri (3.1.26) 

wihere: 

V. = the seismic shear at point i 1 

F ri= the horizontal inertial force at r nodes above elevation i 

The loads at the nodes are used to calculate the moments and displacements 

at various points in the structure.  

Figures 3.5 and 3.6 show the base seismic shear and overturning moment dis

tribution as a function of height of wall.  

In order to evaluate the maximum shear in the structure the effect of the 

backfill being accelerated against the structure was investigated: 

Case I - Backfill forces acting opposite to inertial forces of structure 

a) 1.25 (factored load) Passive pressure of soil. Mass of soil in 

envelope of shear failure accelerated at .10g x 1.25.  

b), Passive pressure of Soil. Mass of soil in envelope of shear failure 

accelerated at .15g.  
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Case II - Backfill forces acting in same direction as inertial forces 

a) 1.25 (factored load) Active pressure of soil. Mass of soil in 

envelope of shear failure accelerated at .10g x 1.25 

b) Active pressure of soil. Mass of soil in envelope of shear failure 

accelerated at .15g.  

By adding these forces in the region of backfill to the distributed base shears 
from above and calculating moments shears and displacements it was found that 
case 1a) governed in the base area of containment for shear considerations.  

The shear flow is determined by consideration of a hollow ring with a total 
thickness of 2t.  

S VsQ (3.1.27) 

where: 

Sf = Shear flow in the wall 

V = Shear at the elevation under investigation as determined by 
.(Eq3.1.14) or the backfill effects, whiever is larger, in 

k/ft.  

Q =2 ydA 
0 

where: 

y = Distance from element under consideration to the neutral axis of 
the circular tube cross section or R sin e 

R = Radius of containment in inches 
e = angle from neutral axis to the element under consideration in radians 

dA = The area of the element under consideration or RtdO 
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t = The thickness of the containment shell in inches 

I = Moment of inertia of section about neutral axis in in.
4 

Vertical Earthquake: 

The period is calculated by 

T = 2 MJ (3.1.28) 

where: 

M = Total mass of structure k-sec 2/ft 

K = Stiffness of structure k/in 

Using this period and the response spectral acceleration curve with 2% critical 

damping a coefficient of spectral acceleration of 0.13g (l.OE) is obtained.  

Multiplying this coefficient by the total mass of the structure yields the 

vertical earthquake reaction in k/ft of wall.  

k M.  k (3.1.29) 
T 
V.i 2rrR 

where: 

k = coefficient of seismic acceleration in the vertical direction; 

(.13g for l.OE') , (.069g for 1.25E) 

M. = mass of containment shell above point i in kips/ft of wall 1 

R = radius of containment in feet 

Uplift from the Horizontal Earthquake: 

The horizontal inertial force on the containment structure produce overturning 

movements which in turn produce tension on one side of the containment and 

compression on the other side in the direction of the earthquake. These 

forces per foot of wall section are computed by dividing the overturning 

moment on the section, considering the containment a cantilever beam, by the 

moment of inertia of the containment as a hollow cylinder. Since the 

3.0-12 Supplement 6 
2/70



concrete shell is assumed cracked and in tension under the loss-of-coolant 

accident pressure condition, only the area of the containment vertical 

rebar liner are considered in determing the moment of inertia.  

The seismic overturning moment above a point i about point i is determined:

M.= F. hir 1. ir i (3.1.30)

where: 

hir = The distance from the location of forces F. to the point i ir ir 
F. = The horizontal inertial forces on the r segments above point i ir 

The moment of inertia is computed by

I = t t r (A hollow circular ring)

where: 

= equivalent thickness of vertical reinforcing steel, including liner 

in sq. in. per inch of wall

r = mean radius of containment in inches

and T EQ=
M Ct 

I (3.1.32)

where:

T = vertical force in k/in induced in the containment wall by the EQ 
seismic overturning moment 

C = distance from neutral axis to outermost fiber of containment 

cross section.  
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3.1.6 TEMPERATURE EFFECT LOADS 

An increase in internal temperature caused by a loss-of-coolant accident 

has been considered. The maximum temperatures, which do not occur at the 

same time as the maximum pressures, related to the design (P), 1.25P and 

1.5P cases are 247 0F, 285'F and 306'F respectively. This increase in 

temperature causes compressive forces in the restrained liner which in 

turn induces tensile stresses into the re-bar. The equivalent force 

induced in the containment wall is determined; 

F ALTL ES (3.1.33) 

where: 

F the equivalent tensile load induced in concrete containment shell 
c 

by the attempted expansion of the liner 

STL = final compressive strain in the liner after pressure and temperature 

conditions and elastic relaxation of the concrete shell have been 

considered 

Es = modulus of elasticity for the liner steel 

S 

In addition to the liner temperature effect on the containment shell the 

effect of operating thermal gradients through the wall have been considered 

in analysis of the containment as shown in Section 3.2.5.  

The effect of accident thermal gradients has been investigated and found 

to penetrate less than 10 percent of the containment wall thickness during 

the maximum temperature-pressure transient following a loss-of-coolant 

accident. For this reason the accident temperature transient thermal 

gradient effect has not been considered in design analysis.  
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Stress from the uplift shear is computed from Eq. (17-6) of the ACI-318-63 

code as shown in Equations 3.2.7 and 3.2.8.  

or 

V = V c  (3.2.9) 

where: 

V = total shear (3.2.10) 

V =v bd 
c c 

and 

v = the allowable concrete shear stress or 20vf
- = 93k/in2 

C C 

= capacity reduction factor = .85 

f = stress in the stirrups in k/in
2 

s 

a = angle between inclined web bars and longitudinal axis of 

member = 450 

b = width of the section = 12 inches 

d = effective depth of the cross section-= 100r 

Additional web reinforcement was also provided on the basis of a minimum 

spacing of s equal to 0.75d.  

Bond stresses in the stirrups are computed by considering the formula 

Af v s (3.2.11) 

co L 

where: 

the bond stress in k/in
2 

co = sum of perimeters of all effective bars crossing the section 

on the tension side.  

L = the anchorage length above or below the mid height of the mat. No 

credit is taken for additional anchorage provided by the bend in 

the bar.  
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The allowable bond stress for tension bars with deformations conforming to 

ASTM A408 and other than top bars is

(3.2.12)PA = (.8)(6 f'c )

where

P = the allowable bond stress in k/in 2 

.8 is the factor allowed by the ACI-318-63 ultimate 

strength design code for anchorage bond.

SEISMIC LOAD STRESS

Horizontal or Vertical Earthquake Effects

Load 
A 

s 

Load 
C A

(For overall tension) 

(For overall compression)

(3.2.13) 

(3.2.14)

where: 

A = area of vertical steel, including liner, per foot of shell 
s 

A = area of concrete per foot of shell c 

Load-= force per foot of shell resulting from dead load response ;o 

vertical earthquake acceleration or overturning moment induced 

vertical load.  

The basic assumptions considered in the seismic analysis are: 

1) Maximum stress in the seismic reinforcing occurs under the action of 

seismic shear at 90' points from the direction of seismic motion.  

2) The liner does not participate in resisting seismic shear.

3.0-20 Supplement 6 
2/70

0

3.2.5



3) The'stress limitations on intersection bars under the combination of 

pressure plus earthquake shear in one bar may reach 95% of yield and 

the opposing bar may relieve stress to 0 ksi. Under this consideration 

only half of the seismic diagonal steel is considered active in resisting 

earthquake shear at any given instant.

Thus the stress can be calculated by considering the 

being resisted by diagonal bars in a hollow ring.  

A Sf (1.414) 
s f 

s s 

f Sf (1.414) 
f A

shear flow in the wall 

(3.2.15) 

(3.2.16)

where: 

A = area of diagonal steel per foot, in one direction, measured along 
5 

a horizontal plane 
f = stress in the steel in k/in 2 

s Sf= the shear flow as determined from Equation 3.1.26

The 1. 414 

account.  

3.2.6

take the 450 angle of inclination of the diagonal bars into 

TEMPERATURE EFFECT STRESSES

As discussed in Section 3.1.6 temperature considerations must involve 

both temperature gradient and the interaction effects of the liner on 

the containment shell. The following development for interaction takes 

both of these phenomena into account.
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Temperature effects as shown in Figure 3.7 are combined with deadload, 

pressure, and earthquake uplifts in the following manner.  

Due to the redistribution of stresses in the rebar, the reinforcing steel 

is considered to carry an equal amount of tension which must balance the 

compression in the liner to satisfy EF =0.  

x 

To satisfy equilibrium conditions:

(3.2.17)F - F 
Liner - Wall

AL6TL E = - A ETLIE 

A ETL 

A 5TL + T 
Sx TLy 2 ~ s gTL'E 

1 - +

AL 

5TL'x 'AS

TLx + P CTLy 

1 - 2

The 2nd condition which must be satisfied is the deformation compatibility 

ETLx + EAT + TL' (3.2.19) 

S.+ C AL TLx + 1 CTLy CTLx + AT -T AS 2 

S 1 

Let € = T SAT 

AL ATLy 

T 1 +- x A 2 
TLx AL ( P2) S 1 
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E 

£TLx 1= AL 

AS (1 - 2)

"' TLy 
AS ( 'i 2) + 1 

AL

Let p - .25 

E = yTLy Sx TLx

_x 

£TLx - 1 + 1.067 AL 

S 

TLy 1 + 1.067 AL 

AS 

To solve Eq. 3.2.18 for the 

solve Eq. 3.2.21 and 3.2.22 

CTLy into Eq. 3.2.18.

.25 TLy 

.9375 
+L 

AS 

.25 CTLx 

.9375 AS + 1 

AL

(3.2.21) 

(3.2.22)

strain in the rebar induced by liner compression 

simultaneously and insert values for e TLx and

The definitions of the terms used in the above derivations are: 

CT strain in the rebar induced by the dead load, pressure and 

uplift from horizontal and vertical earthquakes.  

£TL final strain in liner causing stress or the restrained portion 

of the potential strain of the liner due to the temperature 

increase (X OR Y direction) 

CTL '
- strain in rebar from stress induced by liner compression.  

(X OR Y direction) 

ppoissons Ratio = .25
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AL area of liner in in2/n 0 
A area of rebar in in 2/ft 

S 

E the modulus of elasticity of steel when the section is in tension 

(ET + C, >0) and modulus of elasticity of concrete when the 
T TL' 

section is in compression (eT + CTL' <0). All preceeding 

developments are for the section in tension since this will 

yield the maximum rebar stress.  

FAT the strain in the liner if unrestrained growth'were 

allowed or a AT 

where: 

U = coefficient of thermal expansion in inch/inch/degree F 

AT = the difference in temperature between the accident temperature 

felt by the liner and the temperature of the neutral surface 

(or the point through the wall where no thermal stress exists 

because of a thermal gradient through the wall).  

The gradient is assumed linear with the inside temperature equal to the 

operating temperature of 120'F and the outside surface temperature of OF.  

AT can be considered in two steps 

ATgradient, 1200 - T 

neutral surface 

AT interaction T Max - 1200 

This shows the contribution of both the gradient and interaction effects 

The effect of accident temperatures on thermal gradients has not been 

considered since analysis has shown only 10 percent of the wall located 

on the inner face of the containment sees any change of thermal gradient 

6 
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during the pressure phase of the accident. In actuality the stresses 

Induced by thermal gradients in the concrete shell- are secondary in 

nature and are largely relieved by the shell cracking under'design 

accident pressure load conditions. For conservatism however the operating 

temperature gradient was included in the stress analysis.  

The location and temperature at the neutral surface as shown in 

Figure 3.8 is found by equating tension on the outside of the neutral 

surface to compression on the inside assuming the concrete carries no 

tension. This development of thermal stresses in the rebar is based on 

the method presented in ACI chimney code (4 ) 

The total compressive force is equal to 

1/2 L k 2 t T E + L k T Es A + L (k q) Tx s (3.2 .23) b b 

+ L (k z8) T E A 
8 b 

and the total tensile force is equal to 

LT ss E A6 - 2 k) (3.2.24) 
b 6 

When equating total tension to total compression the result is the following 

k 2 + 2k nt + 2n A 
L s (k - Z) = 0 (3.2.25) t bt 

where: 

k = distance from the liner to the neutral surface divided by the 

total thickness of the wall 

b = re-bar spacing in inches 

E 
n = s 

c 
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= total wall thickness 

= liner thickness in inches 

= distance from the liner to the rebar under consideration divided 

by the total thickness of the wall

The temperature at the neutral surface = (1i- k) AT1 

where: AT1 = 1200 - 0' = 1200 

To get the final stress in the rebar due to temperature

a = (C + T ) E 
T TL' s

3.0-26
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3.3.8 POINT 8

Point 8 is located in the dome portion of the containment shell at a 

point approximately defined by a 300 arc from the spring line Iin a 

region of membrane stresses only. The seismic bars are terminated at 

this point and seismic shear is resisted by a combination of liner, dowel 

action and aggregate interlock. Point i is located at coordinates H = 5 7.8 

ft and V = 225.8 ft.

3.3.9 SUMMARY OF CONTAINMENT DESIGN LOADINGS

In this Section are presented two tables relative to the design 

Points 1 through 8 shown in Figure 3.9. In Table 3.1 is shown the 

material and section properties relative to the eight design points 

selected while Table 3.2 shows the resultant loads for the points 

selected which were developed from the equations given in Sec tion, 

3.1 for the load factors and combinations presented in Section 

2.1.12.  
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3.3.9 * SU ZIARY OF CONTAINMENT DESIGN LOADINGS 

MATERIAL & SECTIO'i PROPERTYL TABLE 3.1

Position Cozriinates Density Total Thickness 

(Ft) of Depth of 

Reinforced of Crane 

For. Vert. Concret Mat Wall 

p (#/ft ) Z t (Ft) (it) 

(1) (2) (3) (4) (5) 

1 53.0 43.0 150 12'-0 3'-0 

2 67.0 43.0 150 12'-0 3'-0

Height of 

Crane 
Wall 

H 
(Ft) 
(6) 

50'-0 

50'-0

Position Area cf 
Steel on 
Tension 
Face of 

Mat 
As 1 
(in /ft) 

(1) (13) 

15. 't

2 

0

28 Day 
Compressive 
Concrete 
Strength 

V C 

(k/in
2 

(14)

Total Sum of 
Area of Perimeters 

Stirrups of 
Stirrups 

Av E 

(in 2/ft) (in) 

(15) (16)

2.12 

4.30
4.30

Anchorage Length of 

Stirrups 

L 

(in) 
(17)

CONTINUED

Spacing Of 
Stirrups

Effective 
Depth 

Of 
Mat.

(in) (in) 
(18) (19)

6.03 

7.62

0

Outside Radius of 

Operating 

Floor 

(41) 
(7) 

53'-0 

53"-0

Thickness 
of 

Operating 

Floor 

t 

(8) 

2'-0 

2'-0

Mean Radius of 

Crane 
Wall 

(i't) 
(9) 

51'-6 

51'-6

Distance 
from 
Origin 

x 
(n) 
(10) 

201 

33

Effective 
Deptn of 

Aat 
Divided 

by 2 

e 
(50) 

50

Effective Depth of 

Mat 

d 
(in) 

(12) 

100

CDt/" 

rt

i



Coordin- Mean 
ates (ft) Contain.  
Hor. Vert. Radius 

(in) 

(2) (3) 

67.5 45.7 837 

67.5 64.0 837 

67.5 117.0 837 

67.5 837 
191.0(-) 

67.5 837 
191.0(+) 

57.8 225.8 837

Area 
of liner 
AL 

(in2 /ft) 

(4) 

6.0 

6.0 

4.5 

4.5 

6.0 

6.0

4.3.9 SUMMARY OF CONTAINMENT DESIGN LOADINGS (Cont'd) 

MATERIAL AND SECTION PROPERTY TABLE 3.1 

Area Modulus Modulus Poiss- Coef. of Liner Total 
of steel of Elas. of Elas. on's Thermal Thickness Wall 

AS Steel E Conc.E Ratio Expansion tL Thickness 
S C " 

(in2/ft) (k/in ) (k/in2) (v Liner) (in/in/*F) (in) t-(in) 

H (5) V (6) (7) (8) (9) (10) (11) 

16.93 20.50 29xi03 .25 6.5xi0-6 .50 54.5 

3 3 
16.93 19.23 29xi0 3.2xi0 .25 6.5x0

-6  
.50 54.5 

16.93 11.23 29xi03 3.2x103 .25 6.5xlO - 6  .375 54.375 

15.52 9.82 29x10 3  3.2x103  .25 6.5x10 -6 .375 54.375 

3 3 -6 8.57 9.82 29x10 3.2x10 .25 6.5xlO .50 54.375 

3 3 -6 
61.75 10.67 29x10 3.2x10 .25, 6.5x1- .50 42.375

Position

0

=K Spring 
T Constant

Steel 

h S(in 2/in) 

(12) (13) 

- 1.95 

.273H 1.95 

.272V 

.273H 1.95 

.231V 

.273H 

.231V 

.207H 

.220V 

.191H 

.239V

3 

4 

5 

6 

7 

8

0 

a%



Coef. of Equivalent Moment
Spectral Ring

Vertical 28 :7 7ension
of Natural Coz:re:e 5:eel

Flexular 
Rigidity 

D 
(k/in) 

(16) 

2.44x10
10 

2.44x101
0 

10 
2.44x10.

.240

* In one direction only at section with maximum 

due to backfill

1.39 O74xl0
8

Spacing 
of 
Stirrups 
S(in) 

(25) 

35 

35

4.00

Moment Area *Area ofNatural 
Period of Seismic 

Stir- Steel 2 
rups AS (in/ft) 
Av 2 s 

(in /ft) 

(27) (28) 

1.85 3.42 

.63 2.85 

0 2.29 

0 1.29 

0 1.29 

0 0

requirements

of Area/ 
Moment of 
Inertia 
Q/I 

Cl/in) 

(26) 

7.6x10
- 4 

7.6xi0
- 4 

7.6xi0
- 4 

7.6xlO-4 
7.6xlO- 4 

9. 3xl.O
- 4

T Acceler. Thickness Inertia/ Period Coz-rs=- ' /f1 ) 
(sec) (C) T (in) Dist. to T (sec) ive (in /ft) 

1 Extreme v Stre2;z1 
Fiber f'c 
I/C (in3 /ft) (kjiz-) 

(18) (19) (20) (21) (22) (23) (24) 

.241 .240 2.21 1.15xlO 8  .081 3.: 9.27 

.241 .240 2.10 1.15xlO 8  .081 :.3 8.00 

8 
.241 240 1.30 1.15xlO 8  .081 . 4.00 

.241 .240 1.2 1.15xlO 8  .081 3.3 4.00 

.241 .240 1.32 1.15x10 8 .081 .3 4.00

(8) 

(17) 

5.39x10
- 3 

5.39xlO 3 

5.39xi0
- 3

.241

(D 

Ct

0 6-



0

Liner Temp.  
Temp. at 
when Neutral 
Rebar Surface 
Stress 
is a 

Posi- Dead Maximum T' 

tion Load T-(*F) (*F) 
T 5)(k/ft) 

3 -126 300 

4 114 300 87 

5 85 300 92 

6 33 300 92 

7 33 300 94 

8 22 300 91

Temp.  
change 
causi=_ 

in Liner 

AT 
(°F) 

(5) 

213 

208 

208 

206 

209

Pressure Pressure 
when Load 
Rebar 
Stress 
is a 
Maximum 

2 p 
P(#/in ) (k/ft) 

(6) (7) 

70.5 354

Disc.  
Moment 
at the 
Base

LOAD TABLE 3.2 

Disc. Disc.  
Moment Shear 

at the 
Base

Mo M 
(k-in/ft)(k-in/ft) (k/ft) 

(8) (9) (10) 

14,530 9,740 157 

14,530 2790 157 

14,530 157

Disc. Seismic -Uplift 
Shear Overturn- from 

ing Overturn

Moment ing 
'Moment

V'u 
(k/ft) (k.in) 

(11) (12) 

127.0 0

Uplift 
from 
Vertical 
Earth
quake 

T-, 

(kYft) 

(14) 

0 

0 

0 

0 

0 

0

Seismic Shear 
Shear Flow

Vs 
(k) 

(15) 

0 

0 

0 

0 

0 

0

ShF 
(k/in) 

(16) 

0 

0 

0 

0 

0 

0

C = 1.0 D + 0.05 V + 1.5 P + 1.0 (T + T) 

Vertical

-.  

0 

rt 

M,

Teq 
(k/ft) 

(13) 

0 

0 

0 

0 

0 

0



Uplift Uplift 

Pressure from 

Position Load Overturning 
Moment 

p T 

(k/ft) (3ft) (i)(2) (3)

Uplift Dead

f rom 
Vertical 

Earthquake 

T( 
(k /f t) 

(4)

T 

(5)

LOAD TABLE 3.2 

Total Disc.  

Uplift Moment

U 
(1/ft) 

(6)

M 
(k-in/ft) 

(7) 

9700 

9700

Disc.  
Shear 

VVu 
(k/ft) 

(8) 

105 

105

Dead Wt.  
of Outer 
Base "a: 

D 
(k/ft) 

(9) 

4.38 

4.38

Column Pressure when 
Reaction Rebar Stress is 

a Maximum

C (k/ft) 
(10) 

2.17 

2.17

2 (#/ft 

47 

47

CONTINUED

Uniform 
Load on 
Base 

Position Mat

(1) 

1

W 
(k/in/ft) 
((12) 

.714

Dead Wt.  
of the 
Crane 
Wall 

D 
(k/ft) 
(13) 

22.5

.714 22.5

Dead Wt.  
of the
Operating 

Floor 

D 
(R/ft) 

(14)

Pressure 
Load on 
Top of 
Crane 
Wall 
P 
(R/ft) 
(15)

8.2 20.3 

8.2 20.3

Total 
Crane 
Wall 
Reaction 

R 
(k/ft) 
(16) 

51 

51

Total 
Shear 

V 
(k/ft) 

(17) 

117 

238.95

Total 
Moment 

M 
(in-k/ft) 

.(18)

Allo-wable 
Shear 
Stress 

in Cone.  

(1in) 
(19)

-23,193 .093 

6,799 .093

Shear 
Taken 
by 
Conc.  

V 
(k/ft) 
(20) 

111.5 

111.5

Total Dead Wt.  
Shear from 

Carried Backfill 

by Stirrups 

V E 

(i/ft) (k/f t) 

(21) 

5.5 3 

127.45 3

C - 1.0 D + 0.05 D + 1.0 P + 1.0 (T" + T") + 1.0 E'

0  

0 

rt

Load



Uplift 

Pressure 
Position Load 

P (k/f t)I 
A1) (2) 

1 298

Uplift Uplift 
from from 
Overturning Vertical 
Moment Earthquake 

O~ft) (d/ft) 
(3) (4) 

121 11

Dead 
Load 

(ft) 
(5)

LOAD TABLE 3.2 

Total Disc. Disc.  
Uplift Moment Shear

U 
(1/ft) 

(6) 

302

128

M 
(k-in/f t) 
(7)

V'u 
(k/f t) 

(8)

12,180 131 

12,180 131

Dead Wt.  

of Outer 
Base Mat 

D 
(k/ft) 

(9)

4.38 

4.38

Column Pressure when 
Reaction Rebar Stress is 

a Maximum

C 
(k/ft) 
(10) 

2.17

P 2 
(#/ft) 
(11) 

59

CONTINUED

Uniform 
Load on 
Base 

Position Mat 

W 
(k/in/f t) 

(1) (12)

Dead Wt.  
of the 
Crane 
Wall 

D 
(i/ft) 
(13) 

22.5 

22.5

Dead Wt.  
of the 
Operating 
Floor 

D 
(k/ft) 
(14) 

8.2 

8.2

Pressure 
Load on 
Top of 
Crane 
Wall 
P 
(k/ft) 
(15) 

25.5 

25.5

Total 
Crane 
Wall 

Reaction 

R 
(k/f) 
(16) 

56.2 

56.2

Total 
Shear 

V 
(k/ft) 
(17) 

120 

264

Total Allowable 
Moment Shear 

Stress 
in Conc.

M 
(in-k/ft) 
(18) 

222573 

9,678

(k/in2) 
(19) 

.093 

.093

C = 1.0 D + 0.05 D + 1.25 P + 1.0 (T' + TL' + 1.25 E)

r') fl 

--Z 

-j1 

rt 

CT%

0

Shear 
Taken 
by 
Conc.  

v 
(i/ft) 
(20) 

111.5 

111.5

Dead Wt.  

from 
Backfill 

E 
(k/ft)

Total 
Shear 
Carried 
by Stirrups 

V 
d/ft) 
(21) 

8.5 

152.7



LOAD TABLE 3.2

Uplift 
Pressure 

Position Load 

P 

(k/ft) 
(1) (2)

Uplift Uplift 
from from 
Overturning Vertical 
Moment Earthquake 
(( 

(3) (4)

Dead 
Load 

T 

(5ft) 
(5)

Total Disc. Disc.  
Uplift Moment Shear

U 
(T/f t) 
(6)

M 
- (k-in/ft) 

(7)

VU 
(k/ft) 

(8)

14,530 157 

14,530 157

Dead Wt.  
of Outer 
Base Mat 

D 

(k/ft) 

(9) 

4.38 

4.38

Column Pressure when 
Reaction Rebar Stress is 

a Maximum

C 
(k/ ft) 
(10) 

2.17 

2.17

- 2 (W/in2) 

70.5 

70.5

CONTINUED

Uniform 
Load on 
Base 

Position Mat 

W 

(k/in/ft) 
(1) (12)

Dead Wt.  
of the 
Crane 
Wall 

D 
(E/ft) 
(13) 

22.5

Dead Wt.  
of the 
Operating 
Floor 

D 
(E/ft) 
(14) 

8.2

Pressure 
Load on 
Top of 

Crane 
Wall 

P 
(3/ft) 

30.4

Total 
Crane 
Wall 

Reaction

Total Total 
Shear Moment

R V M* 
(k/ft) (k/ft) (in-k/ft) 
(16) (17) (18)

61.1

22.5

14.18 -924 

183.58 16,103

Allowable 
Shear 
Stress 

in Conc.  

V

2 (&/in2 ) 

(19) 

.093

.093

C =1.0 D + 0.05 D +1.5 P + 1.0 (T + TL) 

0

El~

* indicates tension on the bottom 

0

Shear 
Taken 
by 
Conc.  

V 
(i/ft) 
(20) 

111.5

Total 
Shear 
Carried 

by Stirrups 

V 

Ift) 
(21) 

0-

Dead Wt.  
from 
Backfill 

E 

(k/ft).  

3

111.5



REBAR STRESS TABLE 3.3

Horizontal Vertical 

Position Dead Pressure Earthquake Earthquake 

Load Load Uplift Uplift 

Strain Strain Strain Strain 

(1) (2) (3) (4) (5) 

3 .164 .307 .186 .023 

4 .155 .323 .165 .022 

5 .188 .520 .146 .024 

6 .080 .572 .039 .012 

7 .072 .517 .039 .011 

8 .046 .488 .012 .006 

CONTINUED

Total 
Vertical 

Position Rebar 

Strain 

rT+ C TLx 
( i)__ (11 i) 

3 

4 .529 

5 .646 

6 .680 

7 .695 

8 .659

Total 
Vertical 
Rebar Stress 

from Uplift 
& Int raction 
(k/in 

(12) 

10.4 

15.3 

18.7 

19.7 

20.1 

19.1

Vertical 
Rebar Stress 

from 

Discontinuity 
Momen 
(k/in 
(13) 

17.0 

5.5 

0 ) 

0 

0 

0

Note: All Strains 
x 10

-3

Total 
Vertical 
Rebar 
Stress 

(k/in ) 
(14) 

27.4 

20.8 

18.7 

19.7 

20.1 

19.1 

1.0 D + 0.05

Total 
Strain from 
Uplift 

T 

(6) 

.352

Strain from 
AT 
-cAT 

(7)

Total Liner Strain Con
sidering 

Total Effect of 

Strain Horizontal 

-ex Strain 

TL 
( x (8A) . .. (9)

.353 .988 .635 .456 

.502 .956 .454 .310 

.543 .956 .413 .276 

.491 .943 .452 .263 

.460 .962 .502 .304

Allowable 
Rebar 

Stress 

(k/in
2 

(15) 

54 

54 

57 

57 

57 

57

Stress in 
Stirrups 

2 .(k/in 
(16) 

25.2 

2.4 

0 

0 

0 

0

Allowable Stress 
in 
Stirrups 

(k/in
2 ) 

(17)_ 

51 

51 

51 

51 

51 

51

Stress in 
Diagonal 
Bars 

(k/in ) 
(18) 

47.2 

48.8 

47.3 

42.0 

42.0 

0

Total Vertical Rebar Strain 

from Inter

action Effects 

X 
x 

(10) 

.176 

.144 

.137 

.204 

.199 

Allowable 
Stress in 
Diagonal 

Bars 

(k/in
2 

(19) 

57 

57 

57 

57 

57

D + 1.0 P +1.0 (T" + TL") + E' 

Vertical
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3.4.1 Introduction (Continued) 

Rebar stresses were determined for internal forces and moment ob

tained from finite element analyses performed by FIRL (see Section 3.4.3).  
The reinforcing steel, as designed by UE&C was found to meet the criteria 

stated above.  

3.4.2 Description of Opening Reinforcement 

The thickened boss has been heavily reinforced in addition to the 

dense reinforcing which already exists in the 4'-6 thick Containment 

cylinder wall. The hoop, vertical and seismic wall reinforcing are bent 
around the openings to provide continuity of reinforcing and assure flow 
of membrane forces around the openings. All splices will be by the Cad
weld.process only. The splices are designed to assure that they will 
develop at least 125% of the minimum yield point stress of the rebar.  
Several secondary bars have been terminated by means of mechanical an
chorage. At the continuous bar bends, hooked bars are provided to pro
hibit any local crushing of the concrete. In addition the radius of the 
bar bends is such that crushing of the concrete will not occur. Due tol 
bending the main bars around the large openings,a void in reinforcing is 
created on the horizontal and vertical center lines. To prevent any crack
ing and spalling of concrete and to resist membrane tensions,these voids 
are filled with added rebar which are terminated by hooks at each end.  
See Sections 2, 3, 14, and 15 in the Acetate Overlays (Appendix A) and 
Fig. 9321-L-1560.  

To accommodate stress concentrations and discontinuity effects of 
the opening hoop reinforcing is provided around the opening.  

In addition to the membrane forces a moment on the ring is produced 
by the shear load from the pressure on the door of the hatch tending to 
cause the ring to rotate inside out. Since the ring is restrained from 
warping, bending moments occur in the cross section of the ring which are 
resisted by the additional hoops in the reinforced boss. These hoops are 
designed to resist the tensile loads in addition to bending mentioned 
above.' Since the ring tends to rotate inside out and detach itself from 
the Containment shell about its outer boundary, a tensile load is induced 
on the inside surface of the ring and containment. This is resisted by 
the main vertical and horizontal reinforcing in the Containment cylinder 
continuous wall.  

Since there is an eccentricity between the center of the wall and 
the center of the thickened ring, moments causing tension on the inside 
face of the ring develop. These moments are resisted in tension by the 
main vertical and horizontal bars which are continuous around the opening.  
In addition these bars assist in resisting membrane tensile loads.  

In addition to the main vertical and horizontal reinforcing in the 
Containment cylinder wall, the two-way seismic reinforcing in the wall is.  
continuous around the opening, thus increasing the steel area available to 
carry discontinuity forces and moments.  

R-3 Supplement 6 
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3.4.2 Description of Opening Reinforcement (Continued) 

The reinforcing pattern in the hatch area can be seen in Figs.  

9321-L-1559 and 9321-L-1560 and (Appendix A) which is an acetate overlay 

showing each layer of steel around the opening.  

Transverse shears radial to the center of the containment and in 
plane shears are resisted by #8 stirrups placed radially to the opening 

at 6" centers around the opening. Popout shears along the circumference 
of the opening caused by edge reactions from the pressure against the 
barrel head are resisted by 2-#9 bars @12" around the opening placed 

through the cross section perpendicular to the reference plane. These 
bars are spaced at d/3 to insure that at least one bar will cross a poten
tial diagonal crack through the cross section. One end of the bar will be 

hooked in order to develop adequate anchorage from the point of crack 
formation to the end of the bars. In addition to the above mentioned 
stirrups; concrete, extra stirrups at the voids created by the main hori

zontal and vertical rebar bending around the opening and inclined horizontal 

and vertical rebar are also available to resist shear loads. See Figs.  

9321-L-1559 and 9321-L-1560.  

All of the loadings for the geometrical configuration with which 

we are concerned have been considered in the finite element analysis.

0
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Containment Design Report

3.4.4 Results Of The Finite Element Analysis (Continued) 

contribute effectively to wall stiffness, in others not. Accordingly 
it appears at least as rational to determine stress resultants " 
from a model in which the liner stiffness is everywhere included as 
from a model in which liner stiffness is everywhere excluded. In 
either case the stress resultants outputted at an arbitrary reference 
surface must, of course,'be transformed to a centroid of the wall.  

Since the criteria demands rebar stresses in the elastic range, 
for this load combination, and since some re-distribution in the 
vicinity of the yielded liner is inevitable, it is reasonable 
to apply to the rebar centroid the same set of stress resultants 
as were determined for the centroid of rebars and liner. This means 
that we are balancing the uncertainty in the distribution of stress 
resultants throughout the zone by a conservative rebar stress 
calculation, and by our conviction that there is a "limit" strength 
for the region which we have not determined, but which provides 
further margin of safety against actual rupture.  

On Sheet 73 there appears a summary of the out of plane nodal forces 
around the perimeter of the Equipment Hatch. On Sheet 74 the pressure 
acting over the inside door of the Equipment Hatch was calculated and 
the reaction on the shell determined. In addition the pressure acting 
over 1/2 the width of the first row of panels from the edge of the 
opening was determined. This summation agreed with the nodal forces 
obtained thus adding confidence to the computer results since these 
nodal forces are a function of the stiffness matrix and the shear 
displacements. Since the displacements are correct the strains and 
thus the stresses are reasonable and the stress resultants obtained 
from these stresses are acceptable.  

Radial and transverse shear stress resultants were used to check 
the adequacy of the radial stirrups. Stresses could not be used 
directly since the model did not include these stirrups. Since the 
concrete provided shear stiffness to the model thus creating higher shear 
forces, it could have been used to help resist the shear forces. For 
conservatism; however, the rebar was considered to resist the entire load.  

The earthquake 90 degrees from the Equipment Hatch opening which 
causes maximum in plane shear stresses was investigated and included 
in the load combinations on Sheets 69 through 71. On Sheet 72 the total 
shear through the 90" wide boss was determined by considering the weighted 
average of the shear in the elements through the boss and the corresponding 
shear stress calculated. In the upper quadrant of the boss at about the 
45 point, the seismic rebar is available to resist shear. The maximum 
stress in the stirrups and rebar was found to be 4 0 .8ksi

. In the region 
where only the stirrups resisted shear the stress was found to be 45 .8k

s i 

In all the above shear stress calculations the concrete, extra stirrups 
at the voids created by the main horizontal and vertical rebar bending 
around the opening, and inclined horizontal and vertical rebar have been 
conservatively ignored.  

Supplement 6 
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Containment Design Report -6

3.4.4 Results Of The Finite Element Analysis (Continued) 

On Sheet 67 the maximum shear load in the elements around the hatch4 

opening was found for each load combination by considering the square 

root of the sum of the squares for the two transverse shears. The 

makimum load was found to occur in Panel 107 for the 1.5P + .95 DL case.  

This is a small panel at the edge of the Equipment Hatch opening. This 

stress resultant (in kip/inch) was conservatively assumed to occur 

throughout the entire 90" boss even though very small transverse shear 

values were found in the 4V-6 cylinder wall adjacent to the thickened 

boss. The extra stirrups at the voids were also neglected. The maximum 

stress calculated on Sheet 68 was found to be 52.ksi.  

In addition on Page 74 the maximum shear in the boss, obtained by 

taking the square root of the sum of the squares of theitwo transverse 

shears, is used to determine the quantity of radial bars required to 

resist pop out shear discussed on Page 4.,and shown in Fig. 9321-L-1559.  

In plane defoirmations were checked in order to see the ovaling which 

takes place at thS juncture of the hatch and the reinforced concrete 

shell. Points 90 apart were investigated to find the variation in 

displacement along the axis of the hatch. Plots of this ovaling for 

the pressure load and computer load combination 11 are found on, 

drawing No. 9321-L-1570 which shows a maximum horizontal in plane deformation 

of .0327 in. and a difference in vertical deflections between the top 

and bottom of the opening equal to .0587 in. for load combination 11. These 

are both very small displacements and will not present any difficulties 

at the juncture of the hatch and the reinforced concrete shell. This is4 

conservative since the resistance offered by the 1" thick barrel and 

7/8" studs were not considered in this analysis.  

The FIRI plotting routine was utilized to aid in checking model 

geometry and interpreting results. By plotting the geometry any mistake 

in coordinates of nodal points or numbering of the points can be readily 

discovered by inspection of the geometry plot. Any discontinuity or 

crossing of lines indicates a mistake in input data. A plot of stresses 

greatly simplifies the interpretation of the output and provides a means 

for a quick check of the validity of the solution. It shows the 

variation in stress from one point to another, an important effect which 

is usually lost during inspection-of volumes of computer printout.  

These plots can be found on Sheets through 

They inalude: 

a) Radial displacements on a flat section for pressure load.  

b) Inside and outside rebar stresses for the computer load 

combination 12.  

c) Liner stresses for the computer load combination 12.  

d) Shear stress resultants including transverse shear radial 

to the containmient centerline and pop out shear along the 

circumference of the opening.  

R-1 1 6,We know from analysis and observation of test results from similar 

R16~ containment structures that the combination of Dead Load and Pressure 
Supplement 6 
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3.4.4 Results Of The Finite Element Analysis (Continued) 

experienced during the pressure test, will crack the structure and 
relieve shrinkage or creep stresses locked into the structure prior 
to pressurization. Since the overall structure will be subjected to 
this cracking, distribution of forces should not be substantially 
altered from that of the computer output.  

3.4.5 Design Basis 

3.4.5.1 Equipment Hatch 

Before undertaking a comprehensive series of Finite Element Analyses 
already described, the adequacy of the rebar (pattern and quantity) 
in the vicinity of the Equipment Hatch was determined by hand calculations.  
These calculations, shown on Sheet 77 to 85, involved the determination 
of rebar stresses at points of the horizontal and vertical axis of the 
opening. The following loadings were considered: 

1. The twisting moment on the ring.  

2. The eccentricity of horizontal and vertical main wall reinforcing 
with the centerline of the boss.  

3. The thermal effects in the liner.  

4. Maximum tensile forces using a stress concentration of 3.  

5. Effect of the moment on the inside face of boss from the 
rotation caused by pressure, ignoring restraint from the hatch.  

6. Effect of this rotation on the main wall reinforcing.  

The conservative characteristics of these stress calculations is 
indicated by a comparison of the stress level obtained at the corresponding 
locations determined by the Finite Element Analysis. The Finite Element 
Analysis indicated rebar stress 4 to 7 ksi smaller than the hand calculations6 

3,4.5.2 Personnel Lock 

The adequacy of the rebar in the vicinity of the Personnel Lock is 
verified by the analysis similar to that described in 3.4.5.1. Calculations 
are shown on Sheets 86 to 93. The inner and outer rebar stresses for the 
Equipment Hatch and Personnel Lock are compared with the computer results 
for the Equipment Hatch Analysis. The results can be found in Table 
3.4.5.2.1. The loading condition for the hand calculations consisted of 
1.5 Pressure and Temperature Load 3. This was compared with Load 
Combination 12 of the computer analysis. The hand calculations are 
conservative since dead load was not considered.  

It was judged unnecessary to further verify this area by Finite Element 
Analysis for the following reasons: 

R-17 1. The Equipment Hatch area indicated that the Finite Element 

Analysis would lead to lower rebar stresses.  

Supplement 6 
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3.4.5.2 Personnel Lock (Continued) 

2. The hand calculations for the Equipment Hatch and Personnel 

Lock indicated lower stresses in the Personnel Lock than in 

the Equipment Hatch.  

This was to be expected because: 

a) The diameter of the Personnel Lock opening (8'-6") is 

only about the diameter of the Equipment Hatch 

opening.  

b) The Personnel Lock Boss has been provided with a relatively 

higher quantity of rebar than the Equipment Hatch Boss 

(7.3% vs. 5.8%).  

c) The thickened portion of the Personnel Lock boss is only 

5'-6" thick vs. 7'-6" in the Equipment Hatch boss.  

For a description of the rebar in the Personnel Lock boss see 

drawing 9321-L-1571 and 9321-L-1572.  

There is a slight possibility that the inside door of the lock 

might be open at the time of an accident. The acceptable pressure and 

temperature within the lock barrel, in such an event, was considered in 

the analysis of the Personnel Lock area which shows rebar stresses below 

yield values. It should be noted that the analysis for the effects, on 

the R/C, of accident pressure and temperature within the barrel were 

conservative in'that the barrel was assumed to develop a compressive 

stress in excess of 32 ksi yield and the thermal gradient was taken as 

the difference between the accident temperature and 00.  

3.4.6 Summary 

Using the FIRL Finite Element Programs the cylinder and thickened 

portion of the wall around the Equipment Hatch were analyzed by the 

following procedure: 

1. General Shell Analysis program was used to obtain boundary 

conditions at the springline for Dead Load and Earthquake 

Loads.  

2. A strip of the containment was analyzed by the Finite Element 

Program (FELAP) to obtain boundary conditions at the springline 

for the Thermal Loads.  

3. QUIKTEMP converted non-linear thermal gradients to equivalent 

linear gradients.  

4. Pressure Load boundary conditions were developed by hand 
calculations.  

Revised 9/8/69 
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3.4.6 Summary (Continued)

5. A coarse representation of 1800 of the containment was analyzed 
by the FELAP Program to obtain boundary conditions for the 
fine model and determine the extent of the influence of the 
Equipment Hatch opening.  

6. The fine grid model shown in Fig. 9321-LL-1564 was analyzed 
using the FELAP Program.  

7. Various cracking patterns were investigated and it was determined 
that all concrete in the cylinder and boss was completely 
cracked.  

8. Stresses and stress resultants obtained from the fine analysis 
were summarized and all the criteria on Page 2 were satisfied.  

9. Hand calculations were performed to check the order of 
magnitude of the computer results.  

10. Hand calculations were performed to check the stress in the 
Personnel Lock area.  

Revised 9/8/69 
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TABLE 3.4.3.2.1 

IDEALIZATION OF CYLINDER WALL SECTION FOR BOTH COARSE AND FINE MODEL

PANEL TYPE 

All Cylinder 
Elements

LAYER # 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10

THICK. (IN.) 

.375 

7.75 

.333 

.572 

19.085 

.270 

19.085 

.572 

.333 

6.0

MATERIAL 

Steel FL 

C r. Conc 

Ax. Rebar 

Hoop Rebar 

Cr. Conc.  

Seismic Rebar 

Cr. Conc.  

Hoop Rebar 

Ax. Rebar 

Cr. Conc.

MAT'L CODE 

1 

5 

3 

4 

5 

6 

5 

4 

3 

5

THICK. CODE 

1 

2 

3 

4 

5 

6 

5 

4 

3 

7
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LOAD tCOMBINATION 12 

(L. 0+. 95) D+1:I. 5P+1. 0 (T+TL) 

*LINER STRESS 'CYLINDER - UPPER QUADRANT (KSI)

PANEL NO.  

211 
212 
213 
202 
'203 
206 
207 
208 
209 
210 
217 
218 
219 
172 
173 
174 
175 
176 
177 
178 
179 
195 
223 
224 
225 
150 
151 
152 
153 
154 
229 
230 
133 
134 
135 
237 
114 
115 
116

PANEL TYPE 

113 
113 
113 
113 
113 
115 
114 
.14 

114 
114 
2 
2 
2 
2 
2 
5 
5 
5 
60 
6 
6 
6 
2 
2 
2 
2 
2 
5 
5 
5 
1 
1 
1 
3 
69 

1 
1 
I 
3

VERTICAL 

2.31 
.2.23 
2.38 
,2.87 
.3.62 
6.24 
6.81 
7.08 
T7. 21 
7.21 

.76 
1.00 
1.12 
i.38 
,2.04 
3.33 
5.37 
6.62 

11.90 
10.10 
8.71 
,8.02 
- .27 
-. 271 
-. 50 

-1.19 
-1.53 
-1.61 

- .57 
.18 

-1.11 
-1.12 
-1.81 
-4.16 

.43 
-2.15 
-1.67 

- .60 
.93

*Correction factor of -11.4 ksi must be added to all liner stresses.  

R-83 Sheet 48 
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HORIZONTAL 

13.25 
13.16 
13.46 
13.91 
14.40 
15.91 
16,60 
16.78 
16.85 
16.81 
11.59 
12.53 
13.39 
14.28 
15.20 
15.98 
16.59 
16.75 
19.14 
18.08 
19.22 
19.65 
9.34 

10.97 
12.57 
14.08 
15.43 
14.43 
15.46 
14.45 
8.13 
9.64 

14.27 
14.63 
21.03 
9.73 

10.38 
1i.22 
12.28
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The vertical steel ;in the cylindrical concrete wall is extended into the 

dome such that a continuity between the dome and the cylinder is achieved.  

At an angle of 600 from the springline the 18S bars come together to a 6 inch 

spacing. The bars are connected to splice plates by means of Cadwell 

mechanical splices such that for every two bars coming together there is one 

18S bar extending beyond this point. At an angle of 750 from the springline 

the bars again come together to a 6 inch spacing and are cadwelded to a 

splice plate to increase the spacing to 12 inches. Similarly the 18S bars 

are connected to splice plates at an angle of 83' and 86.50 from the 

springline. At the apex of the dome 188 bars at a constant spacing of 12 inches 

connect the splice plates which are 3.50 from the center of the dome as 

shown on Figure-4,13, 

To provide the required earthquake resistance the seismic steel in the 

cylinder is extended into the dome to a point which is 30' above the spring

line as shown in Figure 4.14.  

Above 30' from the springline the membrane steel in the dome is sufficient 

to carry the seismic shear. The maximum stress in the rebar due to an 

earthquake is determined by resolution of the principal tensile stress 

into components parallel the rebar. In addition the dome liner has sufficient 

capacity to carry seismic loads under operation or accident conditions.

4.5.0 Containment Liner

Details of the containment liner design can be found in Appendix C of 

the FSAR.  
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CONTAINMENT CYLINDER, BASE, AND DOME AT POINTS OF DISCONTINUITY.

Discontinuity stresses occur at changes in section or direction of the 

containment shell. The juncture of the cylinder to the dome is a point 

of discontinuity since, under the internal pressure and temperature design 

conditions, the cylinder will tend to increase in diamter somewhat differently 

than the dome. To compute the unrestrained dimensional changes the dome and 

cylinder have been considered as steel membranes equivalent to the area of 

reinforcing steel in the hoop direction. As shown in Section 3.1.3, the 

unrestrained radial deformation of the dome and cylinder are nearly equal 

therefore the discontinuity moments and shears are insignificant and there 

is no steel required at the dome to cylinder juncture due to the discontinuity 

effects.  

The juncture of the cylindrical wall and the base mat is also a point of 

discontinuity. In determining the discontinuity moments and shears, the 

base mat was considered as offering complete fixity, therefore the only 

discontinuity is that due to the unrestrained radial expansion of the 

cylinder. As for the dome to cylinder juncture the unrestrained radial 

expansion of the cylinder has been computed by considering the cylinder to 

be a steel membrane equivalent to the area of reinforcing steel in the hoop 

direction. The method of analysis for the discontinuity moment and shear 

and its distribution into the cylindrical walls is given in Section 3.1.3.  

The maximum discontinuity moment at the base occurring under the 1.5P 

factored load condition is 1210 K.FT/FT and the maximum discontinuity shear 

is 157/K/FT. The limiting discontinuity moments and shears are distributed 

as shown in Figs. 5.1-11, 5.1-12 and 5.1-13 of Section 5 of the FSAR 

(attached hereto). The placement of steel to carry discontinuity shears 

and moments is shown in Figs. 4.15 and 4.16 

The required area of shear reinforcing as determined from Eq. 17-6 of the 

ACI Code is given in Eq. 3.2.7. The allowable value of f used as the basis Y 

for f in Eq. 3.2.7 is reduced from 60 KSI to 47 KSI since part of the stress 

is assumed taken by the axial force due to uplift. The point where the mini

mum web reinforcement required is less than the .15 percent of the area bs the 

provisions of ACI-318 Code Article 1706b apply.  
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The allowable shear which may be taken by the concrete alone is found 

from Article 1701 e) of the ACI Code and is given by 

v 3.50 V f., (1 + 0.002N/A ) 

c c g 

where

= allowable shear stress carried by the concrete.  

= concrete design compressive strength 

load normal to the cross section where N is negative 
for tensile loads 

- gross area of cross section

Reference 

(1) Roark, R. J., Formulas for Stress and Strain, 4th Ed. McGraw Hill Book Co., 

New York, 1965.
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5.0 CONTAINMENT MATERIAL PROPERTIES, FABRICATION AND ERECTION PROCEDURES 

5.1.0 CONCRETE 

Concrete used in the containment structure was designed to have a minimum 

compressive strength in 28 days of 3000 psi. The concrete mix was designed 

to produce a strength of fifteen percent above the minimum design strength 
as determined by the average strength of three laboratory tests of the 

specified design mix including satisfactory plasticity qualities.  

The minimum cement factor specified was 5 sks/cu.yd. The maximum slump 

permitted was limited to 5 inches, except in localized regions of extreme 

congestion where 7 inch slump was permitted. Concrete was prepared in 

ready mix equipment conforming to ASTM specifications C94.  

5.1.1 CEMENT 

The cement used was Portland Cement Type I conforming to ASTM designation 

C-150. Cement used in the ready mix batch process was stored in weatherproof 

bins so as to prevent deterioration or contamination.  

5.1.2 WATER 

Concrete mix water was supplied from the drinking water supply of the city of 
Verplanck, New York and as such is clean, clear and free of significant 
impurity. Cloride content of mix water has been maintained below 200 ppm 

as determined by water sample analysis.  

5.1..3 AGGREGATES 

Fine aggregated consisted of sand conforming to the requirements of ASTM 
Specification C-33. The natural sand was supplied by the Southern Dutchess 

Sand and Gravel Company of Fishkill, N.Y.  
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The properties of the sand are as follows:

SIEVE ANALYSIS 

Sieve Sizes 

38" 

#4 

#8 

#16 

#30 

#50 

#100 

Fineness Modulus 

Specific Gravity (SSD) 

Absorption % 

Clay Lumps % 

Coal & Lignite % 

Material Finer than 

No. 200 Sieve % 

Organic Impurities 

Soundness 5 Cycles, % Loss 

Unit wt. (dry-rodded) lbs/ft
3

% Passing by wt.  

100 

97.8 

84.9 

61.8 

42.7 

18.1 

3.3 

2.91 

2.67 

0.7 

Negative, 

Negative

0.6 

Standard 

10.9 

104.3

ASTM C-33 

Specifications 

100 

95-100 

80-100 

50-85 

25-60 

10-30 

2-10 

1.0 Max.  

0.5 Max.

3.0 Max.  

Standard
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Coarse aggregate consisted of crushed gravel conforming to the requirements 

of ASTM Specification C-33 and was supplied by the Southern Dutchess Sand 

and Gravel Company of Fishkill, N. Y. The properties of the crushed gravel 

are as follows:

COARSE AGGREGATE 

30% - 40% Crushed Gravel 

SIEVE ANALYSIS 

Sieve Sizes 

1 i/2" 

1" 

3/4" 
1/2" 

3/8" 

#4 

Fineness Modulus 

Specific Gravity 

Absorption % 

Clay Lumps % 

Soft Particles % 

Unit Wt. (dry-rodded) lbs/ft
3 

Magnesium Sulfate Soundness 

5 Cycles, % loss 

Los Angeles Abrasion, % loss

Southern Dutchess S&G Fishkill, N.Y.

% Passing by wt.  

100.0 

97.2 

71.5 

30.9 

12.4 

0 

7.16 

2.67 

0.7 

Negative 

Negative 

102.2

14.8 

41.7

ASTM C-33 

Specifications 

100 

95-100 

25-60 

0-10 

0.25 Max 

5.0 Max

18 Max 

50 Max

5.1.4 ADMIXTURES

The only admixture used in the concrete mix design was a plasticizer 

"Placewell" manufactured by the Union Carbide Corporation. The plasticizer 

is provided in the proportion of 16.5 oz/cu.yd. of concrete to increase ease 

of concrete placement in highly congested areas. No other admixture in the 

form, of air entraining agents, set retarders or set accellerators have been used.  
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5.1.5 PLACEMENT AND CURING

Placing and Curing of concrete conform to the provisions of Chapter 6 

of the ACI 318-63.  

5.2.0 REINFORCING STEEL 

Reinforcing steel used for the dome, cylindrical walls and base mat is 

high-strength deformed billet steel bars conforming to ASTM Designation 

A-432 "Specification for Deformed Billet Steel Bars for Concrete Rein

forcement with 60,000 psi Minimum Yield Strength." This steel has a 

minimum yield strength of 60,000 psi, a minimum tensile strength of 90,000 

psi, and a minimum elongation of 7 per cent in an 8-in. specimen. The 

design limit for a tension member (i.e., the capacity required for the 

design load) was based upon the yield stress of the reinforcing steel. No 

steel reinforcement experiences average strains beyond the yield point at 

the factored load. The load capacity so determined has been reduced by a 

capacity reduction factor "0" which provides for the possibility that small 

adverse variations in material strengths, workmanship, dimensions, and 

control, while individually within required tolerances and the limits of 

good practice, occasionally may combine to result in under capacity. For 

tension numbers, the factor "0" was 0.90 for flexure and 0.85 for diagonal 

tension, bond and anchorage.  

5.2.1 CADWELD SPLICES 

All reinforcing bar design to carry membrane tension or in the size range 

14S and 18S where jointed by means of mechanical butt splices known as a 

Cadweld splice which is a standard commercial product manufactured by 

Erico Products Inc., Cleveland, Ohio. All splices used were either type 

T-1891, T-18101, or T-1491, T-14101, which are designed to develop the 

specified minimum ultimate strength of the ASTM A-432 reinforcing bar or 

greater even though the specified requirement on splice strength was set at 

125 per cent of specified minimum yield (83.3 per cent of minimum ultimate).  
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5.5.3 ERECTION 

The difference between the minimum and maximum inside diameters at any 

cross section does not exceed 0.25 percent of the nominal diameter at 

the cross section under consideration. Maximum diameter 135'-2, minimum 

diameter and 134'-10" below elevation +95. Above +95 tolerance does not 

exceed .50 percent of the nominal diameter of cross section under consideration.  
~1 

The liner was erected true and plumb not to exceed - of height at cross 

section under consideration with allowance for 2" buckling in the plates.  

Particular care was taken in matching edges of cylindrical and hemispherical 

sections to insure that all joints were properly aligned. Maximum per

missible offset of completed joints was 25 percent of nominal plate thickness.  

5.6 LINER INSULATION 

The liner insulation consists of 1-1/4 in polyvinylchloride insulation as 

manufactured by Johns-Mansville Corporation. The insulation was fabricated 

into 4' x 9' flat panels. The insulation panels were attached to the steel 

containment liner by means of 3/16 in. stainless steel studs welded to the 

liner on the basis of 6 per panel. Insulation adhesive was Lexsuco Adhesive 

BF6R907T and sicone sealer material as manufactured by Dow Chemical Corporation.  

The insulation panels were protected by .019 in. stainless steel jacketing 

on the exposed face.  

The insulation was designed to meet the following operational requirements: 

1. Normal operating temperature - 120'F.  

2. Under accident conditions rise in liner temperature not to exceed 800F.  

3. Insulation panels rated non-burning in accordance with ASTM procedure 

D-1692.  
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The sensitivity of the leak detector is 1 x 10- 9 standard cc per 

second. Any halogen indication indicates a leak requiring repair 

and retest. In addition, the zone of channels tested is held at 

test pressure for at least 2 hours, with no indication of drop in 

pressure.  

The strength and leaks tests are also performed on the gaskets and seals 

on the lock penetrations by pressurizing the space between the gaskets 

and seals as above.  

6.3.2 CADWELDS 

All Cadwelds are visually inspected by the UE&C Quality Control group on 

site. Details of Cadwelding operations, operator qualification criteria, 

testing frequencies and criteria, inspection procedures and acceptance 

standards are included in Appendix C. "Summary of United Engineers & 

Constructors Inc. Experience in Utilizing Cadweld Reinforcing Bar Splices." 

This Appendix shows current probability of all splices in the structure 

exceeding 60,000 psi at approximately 0.998 and probability of all splices 

exceeding 75,000 psi (125% min. yield) at approximately 0.990.  

6.3.3 STUD ANCHORS ON THE LINER 

A procedure is set up whereby after qualification, the first stud welded 

each day by each welder is tested by cold bending the stud to an angle of 
450. This test is repeated after the lunch break.  

6.4.0 PREOPERATIONAL PERFORMANCE TESTING 

After completion of the vapor containment structure the building will be 

pressurizer to 54 psig with increments at 18 and 36 psig as described in 

the Section 5 of the FSAR.  
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Strain gauges will have been attached as called for on the appioved 

drawings. Gauges are sufficiently redundant to overcome possible 

construction damage. As a minimum each gauge shall have one gauge 

as back-up.  

Strains and deformations will be recorded at each increment of 

pressure and the corresponding stresses calculated for the reinforcing 

and liner.  

After the structure has been proof-tested at 54 psig for a minimum of 

one hour, the pressure shall be reduced to 47 psig and held for 24 

hours.  

Instrumentation will have a capability of measuring strains from 0 

to 0.003 inches per inch with an accuracy of + 0.1%.  

During the 24 hour hold at 47 psig the struc ure will be investigated 

for cracks and manual measurements recorded.  

In the quadrant of "boss" around the equipment hatch and personnel lock 

and in the 10' width between elevation 43'-0" and 73'-0", concrete 

surface will be whitewashed and detailed measurements of crack width 

and spacig shall be recorded. A detailed test procedure is currently 

being prepared.  

6.5.0 FIELD PROBLEMS ENCOUNTERED IN CONSTRUCTION 

During the construction of the vapor containment structure, two. conditions 

were found to exist which were determined to be problem areas. These were 

"Cadwelds" and a "Liner Bulge." 
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The Ci of New York's Chelsea Pumping Station is located about one, 

mile nort of Chelsea, New York, on the east bank of the Hudson 

River. Wate will be pumped from intakes in the river at the rate of 

100 million gal ons per day into the city reservoir system as required 

to supplement the rimary supply from watersheds. The pumping station 

is 22 miles upriver om Indian Point measured along the centerline of 

the river as shown on 're 2.5-2.  

Discharge of any contaminant to a tidal estuary will result in its 

distribution throughout the est ary. Factors affecting this dis

tribution include tidal amplitude nd current, river geometry, salinity 

distribution, and fresh water discha e. Quirk, Lawler and Matusky 

Engineers, Environmental Science and E ineering Consultants, of New 

York City,,have made extensive studies of he influence of these 

factors and have assisted Con Edison in the tudy of contaminant trans

port in the river. A report of this study is cluded in this section.  

This study has enabled us to determine the effect o radioactive discharges 

on overall river contamination, and specifically contions at Chelsea 

pumping station as shown in detail in Section 14.3.2. uring normal 

operation, discharge will not result in river concentrati ns that exceed 

MPC at the Indian Point discharge canal.  

In the Metcalf and Eddy report mentioned previously it was con uded that 

flooding at the site is a highly unlikely possibility.  

The potential flood from an upstream dam failure poses no threat to 

Indian Point. The only dam on the Hudson River is a navigational lo 

and dam located at Troy, N.Y., approximately 100 miles upstream. Ther 

is only a 14' head behind this dam and any release of this water would 

have an insignificant effect on the water level at Indian Point.  
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The potential flood from an excessive rainfall does not appear to present 

a threat to the plant site. No calculations have been made for a maxi

mum probable rainfall in this area, but it is relevant to note that the 

high runoff in the Hudson River Basin during the Spring months causes 

only an one-half foot increase in the normal 3' tidal range at Indian Point.  

In view of the fact that the mean high water is at elevation +2.2' and the 

flood control elevation of the plant is +13.9', the flooding of Unit 2 

due to excessive runoff would be highly improbable.  

Since the elevation of the Hudson River is determined primarily by the 

tides, the most probable cause of flooding at Indian Point would come from 

an unusual tidal condition, such as a tidal surge during a severe hurricane.  

The extreme high water mark of 7.4' was recorded on November 25, 1950 

during an exceptionally severe hurricane.  

In an attempt to postulate the maximum probable tidal surge at Indian 

Point, reference is made to a hurricane study of New York Harbor prepared 

by Samuel Gofseyeff and Frank L. Panuzio of the Army Corps of Engineers.  

This study, which appeared in the Journal of the Waterways and Harbors 

Division, Proceedings of the American Society of Civil Engineers, is a 

report on the history of every major storm in New York Harbor since 1635.  

The report includes a prediction of the maximum probable hurricane that 

could hit the New York Harbor.  

Although the report does not include the Hudson River above New York 

City, a reasonable approximation of the rise in the river level at Indian 

Point due to the tidal surges in New York Harbor discussed in the report, 

can be obtained by multiplying the value range at each location. Therefore, 

using the Battery as a reference point, the ratio of the surge in the 

harbor to the surge at Indian Point would be 4.4 to 3.
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The three most severe hurricanes to hit New York Harbor, September 21, 

1821; November 25, 1950; and September 12, 1960, produced tidal surges 

at the Battery of lit, 8.1' and 6.3' respectively. Accordingly these 

surges would appear as 7.5', 5.5' and 4.3' surges at Indian Point. The 

5.5' surge predicted for the November 25, 1950 hurricane agrees with 

the actual surge that produced the 7.4' high water mark recorded for 

Indian Point on that date.  

The maximum probable hurricane predicted for New York Harbor would produce 

a 15.3' surge at the Battery. Using the 3 to 4.4 ratio, the corresponding 

surge at Indian Point would be 10.4 feet and would result in a high water 

mark of 13.1 feet, at maximum spring high tide of +2.7', still below the 

flood control elevation of +13.9'.  

In view of the recorded history of the Hudson River and New York Harbor 

and the predicted maximum hurricane surge at Indian Point, the statement that 

flooding at the site is a highly unlikely possibility, still remains valid.
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TABLE 3.2.1-1 

NUCLEAR DESIGN DATA 

STRUCTURAL CHARACTERISTICS 

1. Fuel Weight (UO2), lbs. 216,600 

2. Zircaloy Weight, lbs. 44,600 

3. Core Diameter, inches 132.75 

4. Core Height, inches 144 

Reflector Thickness and Composition 

5. Top - Water Plus Steel 1 10 in.  

6. Bottom - Water Plus Steel 1 10 in.  

7. Side - Water Plus Steel " 15 in.  

8. H2 0/U, (cold) Core 4.18 

9. Number of Fuel Assemblies 193 

10. UO2 Rods per Assembly 204 

PERFORMANCE CHARACTERISTICS 

11. Heat Output, MWt (initial rating) 2758 

12. Heat Output, MWt (maximum calculated 

turbine rating) 3216 

13. Fuel Burnup, MWD/MTU 14,500 

First Cycle 

Enrichments, w/o 

14. Region 1 2.2 

15. Region 2 2.7 

16. Region 3 3.2 

17. Equilibrium Enrichment 3.2 
FN 

18. Nuclear Heat Flux Hot Channel Factor, F 3.12 
q 

19. Nuclear Enthalpy Rise Hot Channel 
N 1.75 

Factor, FAH



TABLE 3.2.1-1 (Cont'd)

CONTROL CHARACTERISTICS

Effective Multiplication (Beginning 

of Life) With Rods in; No Boron 

20. Cold, No Power, Clean 

21. Hot, No Power, Clean 

22. Hot, Full Power, Clean 

23. Hot, Full Power, Xe and Sm Equilibrium 

24. Material 

25. Full Length 

26. Partial Length 

27. Number of Absorber Rods per RCC Assembly 

28. Total Rod Worth, BOL, % 

Boron Concentration for First Core Cycle 

Loading With Burnable Poison Rods 

29. Fuel Loading Shutdown; Rods in (k = .90) 

30. Shutdown (k = .99) with Rods Inserted 

Clean, Cold 

31. Shutdown (k = .99) with Rods Inserted, 

Clean, Hot 

32. Shutdown (k = .99) with No Rods Inserted, 

Clean, Hot 

33. Shutdown (k = .99) with No Rods Inserted, 

Clean, Hot 

To Maintain k = 1 at Hot Full Power, No Rods 

Inserted: 

34. Clean 

35. Xenon 

36. Xenon and Samarium 

37. Shutdown, All But One Rod Inserted, Clean Cold 

(k = .99) 

38. Shutdown, All But One Rod Inserted, Clean Hot 

(k = .99)

1.257 
1.199 

1,176 

1.152 

5% Cd; 15% In; 80% Ag 

53 

8 

20 

(See Table 3.2.1-2) 

1840 ppm 

1190 ppm 

650 ppm 

1480 ppm 

1370 ppm 

1175 ppm 

870 ppm 

780 ppm 

1290 ppm 

750 ppm

0-2



TABLE 3.2.1-1 (Cont'd)

BURNABLE POISON RODS 

39. Number and Material 

40. Worth Hot Ap 

41. Worth Cold Ap 

KINETIC CHARACTERISTICS

1156 Borated Pyrex Glass 

7.3% 

5.4%

42. Moderator Temperature Coefficient at Full Power 

(0 F 

43. Moderator Pressure Coefficient (psi - ) 

44. Moderator Density Coefficient, Ak/gm/cm
3 

45. Doppler Coefficient (OF- ) 

46. Delayed Neutron Fraction, % 

47. Prompt Neutron Lifetime, sec.

- .3 x 10-4 to - 3.00 x 1 
* .3 x 10- 6 to + 3.00 x 1 

+ .03 to .30 
-5

- 1.1 x 10 to 1.8 x 10 

.52 to .72 

1.4 to 10- 5 to 1.8 x 10
- 5

0-3

5

0-4 

0-6



TABLE 3.2.1-2 

REACTIVITY REQUIREMENTS FOR CONTROL RODS

Per Cent Ap 

Beginning 

of LifeRequirements

Control 

Power Defect 

Operational Maneuvering Band 

and Control Rod Bite 

Total Control

1.90 

0.70 

2.60

Supplement 6.  
2/70

End 

of Life

3.05 

0.70 

3.75



TABLE 3.2.1-3 

CALCULATED ROD WORTHS, Ap

Core 
Condition

Rod 
Configuration

Less 
Worth 10%*

Design 
Reactivity 
Require
ments

53 rods in

52 rods in; Highest 
Worth Rod Stuck Out

8.50%

7.36% 6.62%

EOL 
(3rd Cycle)

53 rods in

52 rods in; Highest 
Worth Rod Stuck Out

6.35% 5.70% 3.75%

BOL = Beginning of Life 

EOL = End of Life 

HFP = Hot Full Power 

* Calculated rod worth is reduced by 10% to allow for uncertainties.  

0-5 Supplement 6 
2/70

BOL 

HFP

Shutdown 
Margin

2.60%

7'.55%

4.02%

1.95%



TABLE 3.2.1-4 

RESULTS OF CALCULATIONS AS A FUNCTION OF 

LABORATORY PROVIDING EXPERIMENTAL DATA (4)

Type of 

Laboratory Experiment

No. of 

Experiments

Calculated 

k + a

Westinghouse Atomic Power 

Division (WAPD) 

Bettis Atomic Power 

Laboratory 

Brookhaven National 

Laboratory 

Hanford Atomic Products 

Operation

Babcock and Wilcox

Critical 

Critical

0.9968 + 0.0036 

0.9940 + 0.0022

Exponential 

Exponential

0.9964 +*0.0051

0.9953 + 0.0105 

0.9885 + 0.0094Critical

i11

0.
0-6



- -2700

NUMBER OF ROD CLUSTERS

Supplement 6 
2/70

ROD CLUSTER GROUPS 

iFigure 3.2.1-1

1800

900 -

SYMBOLGROUP 

Si 
S2 
S3 
S4 
Cl 
C2 
C3 
C4 
PL 

(Part 

Length)



0

1.191 .110 1.249 1.127 1.219 1.121 1.003 0.720 

1.110 1.243 1.236 1.257 1.184 1.142 1.003 0.783 

X .- -- F N 

1.247 1.235 1.285 1.214 1.185 1.067 0.937 0.654 

1.124 1.253 1.212 1.196 1.028 1.032 0.896 0.522

1.2141 1.178 1.181 1.026 1.221 0.866 0.801

1.115 1.135 1.052 1.027 0.864 0.981 0.471

0.999 0.998

- .ii ---

0.7311 0.782

0.930

0.651

- . ~ ~

0.890

0.519

0.798 0.470

ASSEMBLYWISE AVERAGE POWER DISTRIBUTION 

BEGINNING OF LIFE, UNRODDED CORE, 

N 
2758 MWT F6H = 1.41

FIGURE 3.2.1-2



1.009 1.052 1.007 1.066 1.039 1.112 1.018 .790 

1.053 1.004 1.056 1.021 1.096 1.064 1.129 .814 

1.008 1.057 1.013 1.086 1.-061 1.126 1.006 .768 

1.069 1.024 1.087 1.065 1.144 1.081 1.050 .617

1.047 1.103 1.065 1.146 1.182 1.107

1.127 1.076 1.128 1.086 1.109 1.054 .601

1.040

.823

x N
A1 

1.150

.834

1.018 1.057 .891

a .a. 4

.780 .623

& A. ___________________

.602

ASSEMBLYWISE AVERAGE POWER DISTRIBUTION 

END OF LIFE, URODDED CORE, 
2758 MWT F H = 1.27

FIGURE 3.2.1-3



0.671 1.090 1.439 1.343 1.362 1.113 0.882 0.603 

1.090 1.340 1.447 1.487 1.309 1.088 0.7i77 0.579 

1.439 1.447 . 1544 1.437 -1.308 0.944 0.424- .. . 0.4O1 

_ X _i

1'.-34'31 1.,

1.362 1. 309

1.437-

1.30,8

1.*407-

1.160 1.367

~-1.010.~

0.948

S0.701 ..

0.:812

1.113 1.088 0.944 1.010 0.948 1.1090.535

0.88, 0.777

0.6031 0.579

'0 .424'

0.401

- 4 ~ I

0.701

0.374

-- 0;535

.0.3 7. ...

2<

ASSEMBLYWISE AVERAGE POWER DISTRIBUTIONI, 

BEGINNING OF LIFE,. GROUP,'C4.INSERTED! : 

2758 MWT., FN -,.70, 

FIGURE 3.2.1-4
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MODERATOR TEMP COEFFICIENT 

(NO RODS) 

FUEL TI4PERATURE 
FIXED AT FULL POWER

1330 PPM 
BORON 

1200 PPM 
- BORON 

1175 PPM 
BORON 

•EOL NO BORON 

EOL NO BORON 

with 
- 53 rods 

inserted

DEGREE OF FIGURE 3.2.1-9



DOPPLER COEFFICIENT 

vs 

EFFECTIVE FUEL TEMPERATURE

1- 2 0-.  

2.18 

1.7 

1.6 

1.5 
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TABLE 3.2.2-1

THERMAL AND HYDRAULIC DESIGN PARAMETERS 

Total Heat Output, MWt 2758 
Total Heat Output, Btu/hr 9413 x 16 
Heat Generated in Fuel, % 97.4 
Maximum Thermal Overpower, % 112 
Nominal System Pressure, psia 2250 

Hot Channel Factors 
Heat Flux 

Nuclear, FN 3.12 q E 
Engineering, Fq 1.03 
Total 3.23 
Enthalpy Rise 
Nuclear, FH 1.75 

Coolant Flow 
Total Flow Rate, lbs/hr 136.3 x 106 
Average Velocity Along Fuel Rods, ft/sec 15.4 
Average Mass Velocity, lb/hr-ft2  2.53 x 106 

Coolant Temperature, °F 
Nominal Inlet 543.0 
Average Rise in Vessel 53.0 
Average Rise in Core 55.5 
Average in Core 571 
Average in Vessel 569.5 
Nominal Outlet of Hot Channel 633.5 

Heat Transfer 
Active Heat Transfer Surface Area, ft2  52,200 
Average heat Flux, Btu/hr-ft2  175,600 
Maximum Heat Flux, Btu/hr-ft2  567,300 
Maximum Thermal Output, kw/ft 18.4 
Maximum Clad Surface Temperature at Nominal 

Pressure, OF 657 
Maximum Average Clad Temperature at Rated Power, OF 716 
Fuel Central Temperatures for nominal fuel 

rod dimensions, OF 
Maximum at 100% Power 4090 
Maximum at 112% Power 4380 

DNB Ratio 
Minimum DNB Ratio at nominal operating conditions 2.00 

Pressure Drop, psi 
Across Core 31.5 
Across Vessel, including nozzles 50.0



TABLE 3.2.2-2 

ENGINEERING HOT CHANNEL FACTORS

E Pellet Diameter, Density 

F q Enrichment, and Eccentricity 

qR 1.03 
Rod Diameter, (Pitch and Bowing)

Pellet Diameter, Density, 
Enrichment 

E Rod Diameter, Pitch and Bowing 

AH Inlet Flow Maldistribution 

Flow Redistribution 

FLow Mixing 

E 
Resulting FAH 

* To point of Minimum DNB ratio

1.08 

1.01 

1.03 

0.90 * 

1.01



The damage limits given above are minimum values.'. 'Actual-damage limits 

depend upon neutron exposure and normal variation of material properties 

and would,generally be greater than these minimum-damage limits.' For most 

of the fuel rod life the actual stresses and strains are-considerably below 

the design limits. Thus, significant-margins exist between actual operating 

conditions and the damage limits.  

The other parameters having an influence on cladding stress and strain-and 

the relationship of these parameters to the damage limits are as follows: 

1. Internal gas pressure: 

An internal gas pressure of approximately 9,800 psi is required to 

produce cladding stresses equal to the damage limit under normal operating 

conditions. The maximum design internal pressure under nominal conditions 

:is 2250 psia which is equal to the coolant pressure. The maximum internal 

gas pressure at beginning of life is 1,50 psia. The end of life internal 

gas pressure is dependent upon the fuel rod power history and will not 

exceed the design limit of 2250 psia.  

2. Cladding temperature: 

The strength of the fuel cladding is temperature dependent. The minimum 

ultimate strength reduces to the design yield strength at an average 

cladding temperature of approximately 850*F. The maximum average 

cladding temperature during normal operating conditions is given in 

Table 3.2.2-1.  

3. Burnup: 

Fuel burnup results in fuel swelling which produces cladding strain.  

The strain damage limit is not expected to be reached until the peak 

burnup reaches approximately 65,000 MWD/MTU. The maximum expected 

burnup in the fuel is approximately 50,000 MWD/MTU. *A burnup of 65,000 

MWD/MTU would cause the fission gas pressure to increase but will still 

be well below that required for the cladding stress to reach the damage 

limit. The design equilibrium first core agerage burnup is about 

24,700 MWD/MTU.

3.2.3-23



4. Fuel temperature and kw/ft: 

At zero burnup, cladding damage is calculated to occur at 31 kw/ft 

based upon cladding strain reaching the damage limit. At this power 

rating 17% of the pellet centralregion is expected to be in the 

molten condition.  

Evaluation of Burnable Poison Rods 

The burnable poison rods are positively positioned in the core inside RCC 

assembly guide thimbles and held down in place by attachment to a spider 

assembly compressed beneath the upper core plate and hence cannot be the 

source of any reactivity transient. Due to the low heat generation rate, 

and the conservative design of the poison rods, there is no possibility 

for release of the poison as a result of helium pressure or clad heating 

during accident transients including loss of coolant.  

Two burnable poison rods of reduced length but similar in design to those 

to be used in the Indian Point Plant Unit II Reactor have been exposed to 

in-pile test conditions in the Saxton Test Reactor since October 1967.  

A visual examination of the rod was made in early June 1968, and a visual 

and profilometer examination was made in July 30,: 1968,after an exposure 
10 

of 1900 effective full power hours (%25% B depletion). The rods were 

found to be in excellent-condition and profilometry results showed no 

dimensional variation from the original new condition.  

An experimental verification of the reactivity worth calculations for pyrex 

glass tubing is presented in Appendix 3A.  

Effects of Vibration and Thermal Cycling on Fuel Assembies 

Analyses of the effect of cyclic deflection of the fuel rods, grid 
spring 

fingers, RCC control rods, and burnable poison rods due to hydraulically

3.2.3-24



All materials exposed to reactor coolant are corrosion resistant. Periodic 

analyses of the coolant chemical composition are performed to monitor the 

adherence of the system to the reactor coolant water quality listed in 

Table 4.2-2. Maintenance of the water quality to minimize corrosion is 

accomplished using the Chemical and Volume System and Sampling System 

which are described in Section 9.  

4.2.9 REACTOR COOLANT FLOW MEASUREMENTS 

Elbow taps are used in the primary coolant system as an instrument device 

that indicates the status of the reactor coolant flow. The basic function 

of this device is to provide information as to whether or not a reduction 

in flow rate has occurred. The correlation between flow reduction and 

elbow tap read out has been well established by the following equation; 
AP =W 1.8 

AP ,t where AP is the referenced pressure differential 

witg the corresponding referenced flow rate w 0and AP is the pressure 

differential with the corresponding referenced flow rate w. The full flow 

reference point is established during initial plant startup. The low 

flow trip point is then established by extrapolating along the correlation 

curve. The technique has been well established in providing core 

protection against low coolant flow in Westinghouse PWR plants. The 

expected absolute accuracy of the channel is within + 10% and field results 

have shown the repeatability of the trip point to be within + 1%. The 

analysis of the loss of flow transient presented in Section 14.1.6 assumes 

instrumentation error of + 3%.

4.2-17



TABLE 4.2-1

MATERIALS OF CONSTRUCTION OF THE 

REACTOR COOLANT SYSTEM COMPONENTS

Section

Reactor Vessel 

Steam Generator 

Pressurizer 

Pressurizer Relief 

Tank

Pressure Plate 

Shell & Nozzle Forgings 

Cladding, Stainless Weld Rod 

Thermal Shield and Internals 

Insulation 

Pressure Plate 

Cladding, Stainless Weld Rod 

Cladding for Tube Sheets 

Tubes 

Channel Head Castings 

Shell 

Heads 

External Plate 

Cladding, Stainless 

Internal Plate 

Internal Piping 

Shell 

Heads 

Internal surface coating

SA-302, Gr. B 

A-508 Class 2 

Type 304 equivalent 

A-240, Type 304 

Stainless Steel, 

Aluminum 

SA-302, Gr. B 

Type 304 equivalent 

Inconel 

SB-163 

SA-216 WCC 

SA-302 Gr. B 

SA-216 WCC 

SA-302, Gr. B 

Type 304 equivalent 

SA-240 Type 304 

SA-376 Type 316 

A-285 Gr. C 

A-285 Gr.C 

Amercoat 55 system

Component Materials



This criterion is met by minimizing leakage from the system. External 

recirculation loop leakage is discussed in Section 6.2.3.  

One pump (either recirculation or residual heat removal) and one residual 

heat exchanger of the recirculation system provides sufficient cooled re

circulated water to keep the core flooded with water by injection through the 

cold leg connections while simultaneously providing, if required, sufficient 

containment spray flow to prevent the containment pressure from rising above 

design because of the boiloff from the. core. Only one pump and one heat 

exchanger are required to operate for this capability at the earliest time 

recirculation is initiated. With a recirculation (or residual heat removal) 

pump in operation, with a spray header valve open, no containment cooling 

fans (Section 6.4) are required. The design ensures that heat' removal from 

the core and containment is effective in the event of a pipe or valve body 

rupture.  

Cooling Water 

The Service Water System (Section 9) provides cooling water to the component 

cooling loop which in turn cools the residual heat exchangers, both of which 

are part of the Auxiliary Coolant Systems (Section 9). Three conventional 

service water pumps. are available to take suction from the river and discharge 

to the two component cooling heat exchangers. Three component cooling pumps 

are available to take suction from their heat exchangers and discharge to the

6.2-11



two residual heat exchangers. Only one pump and one heat exchanger of 

each type are required to meet the core cooling function. All of 

this equipment, with the exception of the residual heat exchangers, is 

located outside containment.  

Change-Over from Injection Phase to Recirculation Phase 

Assuming that the three high head safety injection pumps, the two residual 

heat removal pumps, and the two containment spray pumps (Section 6.3) are, 

running at their maximum capacity, the time sequence, from the time of 

the safety injection signal,-for the change over from injection to recirculation 

in the core of a large rupture is as follows: 

a) In approximately ten minutes, sufficient water has been delivered 

to provide the required NPSH to start -the recirculation pumps.  

b) In approximately fifteen minutes, the first low level alarm on 

the refueling water storage tank sounds. The operator, at 

this point, takes appropriate action to assure that not more

than two safety injection pumps, one residual heat removal pump, 

and two spray pumps are operating. Sufficient NPSH now exists 

for the operating pumps to run until the refueling water storage 

tank is empty. This alarm also serves to alert the operator 

to prepare for switch over to the recirculation mode.  

C) The second low level alarm on the refueling water storage tank' 

sounds at approximately 22 minutes. At this time, the operator 

must perform the switch over operation, if it has not been 

done previously.  

Recirculation pump motors are .2'2" above the highest water level after 

addition of the injected water to the spilled coolant.  

The eight switch sequence which accomplishes the change over from 

injection to recirculation is listed below. This switch over takes

6.2-12



Leakage detection exterior to containment is achieved through use of sump 

level detection. The Auxiliary Building sump pumps start automatically in 

the event that liquid accumulates in the sump and alarm in the control 

room indicates that water has accumulated in the sump. Valving is provided 

to permit the operator to isolate individually the residual heat removal 

pumps.  

Pump NPSH Requirements 

Residual Heat Removal Pumps 

The NPSH of the residual heat removal pumps is evaluated for normal plant 

shutdown operation, and both the injection and recirculation phase operation 

of the design basis accident. Recirculation operation gives the limiting 

NPSH requirement, and the NPSH available is determined from the containment 

water level, and the pressure drop in the suction piping from the sump to 

the pumps. During recirculation 40% NPSH margin is available.  

Safety Injection Pumps 

The NPSH for the safety injection pumps is evaluated for both the injection 

and recirculation phase operation of the design basis accident. The end of 

injection phase operation gives the limiting NPSH requirement and the NPSH 

available is determined from the elevation head and vapor pressure of the 

water in the refueling water storage tank, and the pressure drop in the 

suction piping from the tank to the pumps. At the end of the injection 

phase, 16% NPSH margin is available.  

Recirculation Pumps 

The NPSH for the recirculation pumps is evaluated for recirculation 

operation. The NPSH available is determined from the elevation head of 

the water above the pump inlet in the sump. A 22% NPSH margin is 

available during recirculation.

6.2-45



MINIMUM OPERATING CONDITIONS

The Teciincail Specifications, Section 15,'establishes limiting conditions 

regarding 'the operability of the system when the reactor is critical.

6.2.5 INSPECTIONS AND TESTS

Inspection 

All components of the Safety Injection System are inspected periodically 

to demonstrate system readiness.  

The pressure containing components are inspected for leaks from pump seals, 

valve padcking, flanged" joints and safety valves during system testing.  

in addition, to the extent practical, the critical parts of the reactor 

vessel internals, pipes, valves and pumps are inspected visually or by 

boroscopic examination for erosion, corrosion, and vibration wear evidence, 

and for non-destructive test inspection where such techniques are desirable 

and appropriate.  

Pre operational Testinla 

Component Testing 

Pre-operati onal performance tests of the components are 'performed in the 

manufacturer's shop. The pressure-containing parts *of the pump are hydro

statically tested in accordance with Paragrapfi UG-99 ofSec'tion VIII of 

the ASME Code. Each pump is given a complete shop performance test in 

accordance with Hydraulic Institute Standards. The pumps arerunvat design 

flow and head, shut-off head and at additional points to verify performance 

characteristics. .!NP.SH is' esta5ishid at des i'gn flow by means of adjusting 

suction pr es'sure 'for. a fepresentative-pump. 'This test is' witne'ssed by 

qualified Westinghouse personnel.

6.2-46.
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QUESTION 5.16 

The reactor pressure vessel is enclosed by the vessel cavity. This cavity 
incorporates the structural support for the vessel and provides missile 
shielding against the highly unlikely failure of the reactor vessel.

5.16.1 Present and discuss the structural design provisions for the 
cavity as they relate to potential pressure vessel failure.

ANSWER 

The reactor pressure vessel is enclosed by a 6'-0 thick circular reinforced 

concrete Shield Wall which is designed to sustain the internal pressure 

and provide missile protection for the Containment and Liner in the highly 

unlikely failure of the reactor vessel due to a longitudinal split. All 

stresses will be maintained within 90 percent of specified minimum ultimate 

rebar tensile stress.  

In the event of a circumferential reactor break the 1/4" base mat liner 

plate at the bottom of the Containment Reactor Cavity Pit directly under 

the reactor vessel is protected by 2'-0 of concrete with a 1" steel liner 

plate embedded on top of the concrete. Below the containment base mat 

liner plate is 4 1/2 feet of concrete poured on rock. (See Figure 5.16, 

sheets 1 through 6).  

Supplement 7 
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QUESTION 9.5 

The FSAR on page 14.2.1-3 states that "Crane facilities do not permit the 
handling of heavy objects, such as a spent fuel shipping container, above 
the fuel racks.'" Please describe how this objective is implemented in the 
facility layout.  

ANSWER 

Figure Q9.5-1 shows the plan arrangement of the Fuel Storage Building.  

During normal operation when the spent fuel cask is being placed in or removed 

from its position in the spent fuel pit, mechanical stops will be incorporated 

on the bridge rails which will make it impossible for the bridge of the crane 

to travel further north than a point directly over the spot reserved for the 

cask in the pit.  

During normal reactor operation, the two southernmost spent fuel racks, each 

holding 25 fuel assemblies, and the southern half of the rack holding 

32 fuel assemblies in the southeast corner of the pit will be covered 

with removable stainless steel plates, to prevent the normal storage 

o f fuel assemblies in those 66 positions closest to the south wall of the 

spent fuel pit. These covered storage locations would be utilized only 

in the event that the total core fuel assemblies are removed and 1/3 of a 

core from a previous refueling is present.  

Thus it will be possible to handle the spent fuel cask with the 40 ton 

hook and to move new fuel to the new fuel elevator with the 5 ton hook, 

but under normal conditions it will be impossible to. carry any object over 

the spent fuel storage area with either the.40 or15 ton hook of the fuel 

storage building crane.  

Supplement 9 
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