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Introduction 

This Second Supplement to the Summary of Application contains responses to 

certain questions raised by members of the Atomic Safety and Licensing Board at 

the Prehearing Conference held in the Indian Point 3 proceeding on March 11, 

1969.  

The responses are given in the same order in which the questions were asked by 

the Board members. The table of contents indicates the general nature of the 

question, the name of the Board member who asked the question, and the point in 

the transcript at which it'was asked.
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1. Effect of Liquid Film Resistance on Iodine Removal 

Dr. Pigfords question beginning line 9, page 75 and ending line 15, page 77.  

The available information suggests that liquid film resistance does not limit 

the rate of iodine absorption by sprays under the conditions of their use in 

the containment system. Experimentally, some deviation from apparent gas 

film control is observed near the end of a decontamination cycle. A special 

test was conducted at Oak Ridge National Laboratory to determine if this was 

caused by saturation (i.e., depletion of spray reactive strength) allowing 

liquid film effects to dominate. It was found that starting the test with 

spray pre-loaded with a ten-fold excess of iodine did not noticeably reduce 

the initial removal rate. The reason for deviation in the standard test is 

thus to be interpreted as the presence of a trace component not soluble in 

spray, or possible sampling interferences. In any case, apparent gas film 

control persisted during the portion of the test when the necessary reduction 

of iodine concentration was achieved to meet system design objectives.  

When calculating the performance of a spray system it is possible to insert 

a mathematical expression for mass transfer resistance by the liquid film, as 

described in Appendix 6A found in Supplement 1, Item 14, of the PSAR.  

The value of kL, the liquid film mass transfer coefficient, to be used in 

such calculations can be obtained from diffusivity of iodine in water, and 

from equilibrium partition data, if an assumption is made about two 

phenomena.  

1) degree of circulation in the drop.  

2) speed of reaction of hydrolysis products to form iodate ion.



Conservatism with respect to the ideal case can be imparted by assuming no 

circulation (rigid drop) and no r eaction to form the iodate. Engineering 

scale tests at the Nuclear Safety Pilot Plant and the Containment Systems 

Experiment fail to show such a deviation fromi ideal behavior, therefore one 

or both of these two assumptions are unjustified by these tests. However, 

one can make both assumptions without violating system design objectives.



2. Supersaturation of Charcoal Adsorber Incoming Air 

Dr. Pigford's question beginning line 3, page 80 and ending line 14, page 80.  

The phenomenon of supersaturation is an unstable condition which can be 

induced in a clean atmosphere of steam or saturated steam-air by sudden ex

pansion or other means of cooling. There is virtually no chance of this 

occurring in the containment where cooling occurs at the surface of spray 

droplets or on cold tube walls; where there are an abundant number of con

densation nuclei in the form of ionized molecules produced by the intense 

radiation field, and where no sudden expansion occurs.  

If surplus moisture is condensed in the form of mist passing through the fan

coolers, this moisture would be prevented from entering the charcoal filters 

by the moisture separators and high-efficiency particle fillers after the 

coolers.  

Test data for the charcoal filters are contained in Item 5 of Supplement 7 

to the PSAR.  

The required performance of the charcoal filters is to achieve an efficiency 

for decontaminating methyl iodide of less than 6% per pass through the filter.



3. Effect of Elemental Iodine Adsorption on the Ability 

of the Filter to Remove Radioactive Methyl Iodide

Dr. Pigford's question beginning line 15, page 80 and ending line 21, page 80.  

The charcoal filter will tend to retain fission product iodine in elemental 

form with a very high efficiency. The mechanism for this retention is not 

isotopic exchange but physical adsorption at activation sites on the charcoal 

surface. As such, there is not direct competition by the elemental iodine 

for the available impregnated iodine. Furthermore, removal of elemental 

iodine by sprays is calculated to be about 35 times as fast as by filters, 

thus reducing the cumulative filter uptake of elemental iodine by a very 

large factor.  

Nevertheless, in calculating the reduction of methyl iodide activity by 

isotopic exchange on the filter, the safety analysis was made with the as

sumption that all of the released radioactive iodine is available to exchange 

with the vapor form of the methyl iodide, regardless of whether it is trapped 

by sprays., adsorbed by charcoal, or in free vapor form.



4. Preloading Charcoal Adsorbers and Testing Techniques 

Dr. Pigford's question beginning line 22; page 80 and ending line 1, page 81.  

The facility design permits elements of the filter bank to be removed and 

tested under controlled conditions for their ability to exchange tracer iodine 

in methyl or elemental form.  

The charcoal filter unit can be tested for conformance to design prior to 

installation by-determining the removal characteristics of tracer organic 

iodide passed through the charcoal sample.



5. Effect of Heating on Charcoal Adsorbers 

Dr. Pigford's question beginning line 2, page 81 and ending line 4, page 81.  

Since air is circulating through the filter the heat of radioactive decay is 

easily converted to the air with a nominal rise of charcoal temperature 

(approximately 20°F). There is no adverse effect of this temperature rise.



6. Simultaneous.Removal of Elemental Iodine by Containment 

Sprays and Charcoal Adsorbers 

Dr. Pigford's question beginning line 5, page 81 and ending line 25, page 81.  

Simultaneous removal of elemental iodine by the containment spray system and 

charcoal adsorbers was considered in the design of heat loading of the char

coal adsorbers. If the charcoal adsorbers are not removing elemental iodine 

at the same time as the containment sprays there is no effect on the removal 

coefficient of elemental iodine by the sprays. In the analysis of off-site 

doses no credit was taken for removal of elemental iodine by the charcoal 

adsorbers.
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7. Testing of Iodine and Heat Removal Systems

Dr. Pigford's question beginning line 1, page 82 and ending line 5, page 82.  

Charcoal will be periodically removed and tested to determine its capability 

for removing iodine. Testing will be performed during reactor refueling 

periods but not necessarily during every refueling.  

The containment spray system will be tested periodically to demonstrate the 

ability to spray water by starting the spray pumps and circulating water 

through the system but not to spray water into containment.

7-1
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8. Consequences of Charcoal Adsorber Failure Due to 

Flooding or High Moisture 

Dr. Geyer's question beginning line 7, page 82 and ending line'9, page 82.  

Using a conservative moisture penetration through the pre-filter system, in 

excess of twenty days of continuous spray and filter operation would be re

quired to raise the total moisture loading of the charcoal to near 100%, 

beyond which flooding could begin. (See Supplement 7 to the PSAR, Item 5 

page 5.4-4) Assuming pessimistic containment leakage and meteorology condi

tions operation of the units for about one day would effectively achieve the 

dose reduction factors required to limit off-site exposure to less than the 

10CFR100 guidelines. Furthermore, the charcoal adsorbers are expected to have 

a capability to recover high efficiency operation after flooding which will be 

demonstrated by testing (see "Supplemental Information on Research and 

Development"). As reported in the PSAR, the sprays would not significantly 

reduce the leakage of iodine in organic form. Assuming that 10% of the iodine 

release specified in TID-14844 is in organic form and that the containment 

leakage is terminated by the Isolation Valve Seal Water System, and consider

ing meteorological conditions expected at the site, the off-site exposures 

are far below the guidelines specified in 10CFR100 even if the charcoal 

adsorbers remove no organic iodine.



9. Environmental Tests of the Charcoal Adsorbers

Dr. Geyer's question beginning line 9, page 82 and ending line 12, page 82.  

The charcoal adsorber tests described hereafter (see "Supplemental Informa

tion on Research and Development") will simulate the conditions of saturated 

air-steam at temperature and pressure up to the maximum obtained in the de

sign basis accident. Moreover, special flooding conditions, more severe than 

could be expected, will be imposed to see if the performance of the filter 

will recover from unforeseen adverse moisture loading of a transient nature.



10. Effect of Chemicals and Particulate in Atmosphere, 

on Charcoal Adsorbers 

Dr. Geyer' s question on page 82, line 13 through 18.  

Particulate matter will be prevented from reaching the charcoal beds by high 

efficiency particle filters which clean all of the air entering the air 

handling units. In addition we have considered the possibility of chemical 

vapors which might penetrate the particle filters, and find that the material 

in the reactor and containment systems under post accident conditions *do not 

give rise to vapors of the type and quantity which would threaten the effec

tiveness of the charcoal filters.
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11.. Hydrogen Concentration in Containment

Dr. Pigford's question beginning line 4, page 83 and ending line 10, page 83.  

Peak local concentration of hydrogen would only be transient in nature due to 

the large stirring influence of the air recirculation system. Periodically 

samples would be withdrawn of the containment gas at one or more points in the 

circulating system. Hydrogen concentration would be determined by gas chroma

tographic means (repeatable to within a few percent of absolute value) taken 

at frequent intervals and would indicate by their trend both the uniformity 

and the rate of increase of hydrogen concentration.  

If desired, mixing of the containment atmosphere can be promoted by re-starting 

the containment spray system; however adequate mixing is possible with air re

circulation through the fan cooler units.
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12. Hydrogen Transport in Containment 

Dr. Geyer's question beginning line 9, page 85 and ending line 17, page 85.  

Most of the radiolytic hydrogen formed will enter the containment atmosphere 

from the surface of the emergency cooling water pool which would cover the 

basement floor of the structure. At the peak post accident rate, this produc

tion is of the order of 5 standard cu. ft./min. Post-accident air recirculation 

provides an average air change rate of about 50,000 CFM in the reactor loop 

compartment, providing dilution of the hydrogen by 10,000-fold in that regicn.  

Attention* is given to distribution of the air circulation plow to promote 

dilution in all regions of the containment lower regions.  

Some hydrogen would be stripped from the water if it were being recirculated 

through the containment spray system. Mixing of this hydrogen throughout the 

bulk of the upper containment atmosphere would be promoted by the action of the 

sprays themselves.  

Finally, if the water passing through the reactor core is boiling, a portion of 

the radiolytic hydrogen will enter the containment atmosphere mixed with steam.  

As this steam is convected through the building and is finally condensed in a 

ventilation cooler unit or by the sprays, the hydrogen would be similarly 

transported and diluted with air in the surroundings of the sprays or in the 

turbulent air in the ventilation cooling units where a 25,000 : 1 dilution 

capacity exists.
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13. Supplemental Information on Research and Development*

Dr. Buck's questioning beginning line 22, page 87 and ending line 22, 

page 88.  

PROGRAMS REQUIRED FOR PLANT OPERATION 

1. Core Stability Evaluation 

Statement of the Problem 

In a&large core, precautions must be taken against xenon-induced spatial 

power oscillations which could cause the power in one part of the core to 

increase unacceptably, with no corresponding change in the total power of 

the core. The detection and control of such power oscillations are essential 

to the satisfactory operation of the plant.  

A development program has been initiated to provide the required detection 

and control system and a substantial part of this program has already been 

completed. The following discussion will outline this program.  

Background 

Xenon-induced oscillations can arise only as a result of a significant 

perturbation to normal equilibrium operation. The oscillation may be 

caused by a power shift in the core which occurs rapidly by comparison 

with the xenon-iodine time constants. Such a power shift occurs in the 

axial direction when a plant load change is made by control rod motion 

and there occurs a change in the moderator density distribution. Such 

a power shift can occur in the diametral plane of the core as a result 

of abnormal control action.  

*See Summary of Applicationt Section VIII, page 48 - 54.
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If left uncontrolled, an axial unbalance could, depending on core operating 

conditions, lead to a divergent xenon oscillation which could eventually re

sult in an unacceptable axial power distribution. Such a condition is prevented 

and stable axial power distributions are maintained by use of the part length 

control rods. These rods are positioned so as to adjust the relative power 

generated in the upper and lower parts of the core. Movement of the part length 

rods is performed manually by the operator to restrict any unbalance in the 

axial power distribution to within specified limits and in accordance with 

procedures based on reactor analyses and studies by Westinghouse performed for 

the variety of postulated conditions and likely changes: in operation. The 

period of these oscillations is predicted to be greater than four hours, thus 

allowing adequate time for the operator to take corrective action. In the event 

that the operator fails to take the proper action to limit the axial unbalance 

and the operating band is exceeded, the protection system will automatically 

reduce the overpower trip setpoints to maintain the margin to peak power which 

exists at normal 100% power operation and the turbine is run back concurrently 

in order to prevent the plant from tripping. This automatic protection feature 

assures that the core thermal limits are not exceeded, thus ensuring that 

damage to the core will not result from such oscillations.  

The situation with respect to controlling power distribution in the horizontal 

plane to protect against diametral oscillations is significantly different 

than in the axial direction. First, the core is calculated to be stable against 

diametral xenon oscillations. Also, only symmetric perturbations to the dia

metrical power distribution will result from normal control action. The full 

length control rods are moved in symmetric banks and the core flow and thermal 

inlet conditions are such that symmetric thermal core conditions are main

tained at full power operation. Also, protection against equipment malfunctions 

which could result in non-symmetric diametral power perturbations are provided 

by the reactor protection system. Therefore, only a simple straightforward 

system for controlling diametrical power oscillations is needed. Full length 

control rods are employed for this purpose, and are manually inserted into that 

region in the core which has a power peak. The period of these oscillations is 

more than one day per cycle since there is no driving force for this type of 

oscillation; therefore, a more rapid method of control is not required.
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Development Program

The development program for power distribution control is divided into four 

general areas, namely: 

A. Confirmation of the capability of the out-of-core detector system to indi

cate axial and diametral gross core power distributions sufficiently to 

pe rmit control of xenon oscillations within specified operating limits.  

B. Development of a control system utilizing the out-of-core detector system 

for axial power shaping with part-length control rods (such system to be 

used in the Robert E. Ginna, Indian Point No. 2 and all subsequent 

Westinghouse reactors) and for diametral or horizontal p ower shaping with 

full length control rods (to be used in Indian Point No. 2 and subsequent 

large Westinghouse reactors).  

C. Verification that the control system specified in (B) can control the core 

power distribution during start-up tests at Westinghouse reactors similar 

to, and beginning operation prior to Indian Point Unit 3.  

D. Verification that adequate margins exist to operate this plant at the 

proposal power rating by measurements taken during the operation of 

Westinghouse reactors similar to, and beginning operation prior to, 

Indian Point Unit 3.  

The first two items have been completed and a summary of the results is given 

below. The results of item (C) are expected to be available in the first half 

of 1970 and an outline of the expected results-is given below. The conclusions 

of item (D) will be obtained during 197.0 and in sufficient time to permit such 

design modifications as may be deemed necessary to maintain appropriate mar

gins. A discussion of some of the required results of this part of the program 

is given below.  

Axial Power Distribution Control 

The system for axial power distribution control, which is provided for the 

Indian Point No. 2 and Robert E. Ginna reactors, consists of out-of-core 

detectors which give an indication of the power shape within the core so 

that part length control rods can be moved to alter the axial distribution.
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Out-of-core detector signals and other plant measurements provide information 

for the automatic protection of the core against excessive power distortion.  

The out-of-core detectors are 10 foot long ion chambers which are centered 

on the core horizontal mid-plane. Four chambers are located symmetrically 

around the core outside the pressure vessel. Separate signals are available 

from the top and bottom half of these chambers and the difference between 

these signals is used as an indication of axial power asymmetry.  

Tests have been performed on operating plants (SENA, San Onofre and Haddam 

Neck) to verify the ability of the out-of-core detectors to measure axial 

core power distribution. Measurements were performed under various operating 

conditions, including boron dilution, load variation and control rod 

insertion. Comparisons were made between the core power distribution as 

measured by in-core flux detectors and as indicated by the out-of-core 

ion chamber readings. The results show that the difference between 

normalized top and bottom detector currents is directly proportional to the 

difference in power between the upper and lower halves of the core.  

A summary of the results is shown for the different reactors in Figures 

1-1, 1-2 and 1-3, where the axial offset measured by the out-of-core 

detectors is plotted versus the axial offset measured by an in-core flux 

map. Here the-axial offset from long ion chamber measurement is defined 

as the normalized difference between the readings of the top and bottom 

detectors in the out-of-core measurements, and the axial offset from in-core 

measurements is defined as the normalized difference between the integrated 

power in the upper and lower halves of the core for the in-core measurements.  

The data clearly show that a linear correlation exists between axial 

unbalance in the measured core power and axial unbalance in the out-of-core 

ion chamber readings. Since the out-of-core detectors are some distance 

from the core some reduction in magnitude is to be expected, but linearity 

and adequate sensitivity are always preserved. By multiplying the detector 

offset by a constant gain factor (which is a function only of the location 

of the detectors and their environment), a calibrated signal is obtained which 

always corresponds very closely to the axial offset measured in the core.
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This direct relationship forms the basis of. the operating procedures and 

of the protection system which has been designed to protect the core in 

the event of operator error.  

Extensive analyses of core power distributions which occur in many cores 

during xenon oscillations, power cycles and other operational modes, have 

demonstrated that the magnitude of the peak axial factor in the core is 

directly correlated to the difference between the total power in the top 

half and the bottom half of the core (axial offset). It is found that the 

highest axial power peaks occur at higher values of total power asymmetry.  

A simple relationship between highest possible axial power peaking 

factor and power asymmetry can be specified and used to define acceptable 

values of power asymmetry. This relationship is an upper boundary to the 

values of axial power peak and no power distribution has been calculated 

or measured which exceeds this envelope of points. Many measurements have 

been made in the SENA, San Onofre and Haddam Neck reactors; all of them 

lie within this envelope.  

The results of these calculations, the measurements made and the upper 

envelope which excludes all of the points are shown in Figure 1-4. Here 

the axial peaking factor is plotted as a function of the axial offset.  

This figure shows the good correlation which exists between the axial power 

peak and axial offset such that when the offset is kept small, a low 

peaking factor will result. The upper envelope of Figure 1-4 is related 

to the maximum allowable power (kw/ft) in the core, and this is in turn 

related to allowed power level, as in Figure 1-5. On this figure the 

kw/ft limit is just the upper envelope of Figure 1-4 inverted and related 

to average core power (for Indian Point Unit 2). The lower curve in 

Figure 1-5 is typical of the operating band up to 100% power.  

Diametral Power Distribution Control 

The ability of the out-of-core measurements to detect diametral power 

asymmetries in the core has been verified during special rod insertion 

tests in San Onofre. Out-of-core detector signals were first normalized 

to read the same power level as the core under normal operating conditions.
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Single control rods were then inserted into the core to cause a tilt 

in the core power distribution. With single rods inserted, in-core 

measurements were made to compare with the out-of-core ion chambers.  

The results are shown in Figure 1-6 which shows that the x-y offset 

can be measured with the out-of-core detectors. x-y offset is defined 

as the ratio of power in one quadrant of the core to the core average 

power.  

The core is calculated to be stable against diametral xenon oscillations 

even in the unlikely occurence that some non-symmetric perturbation could 

initiate such an oscillation. Although the core is calculated to be stable, 

a control system is provided, as a back-up, to detect and limit such 

oscillations.  

The information concerning diametral power symmetry obtained from the 

out-of-core detectors is employed to position certain full length control 

rods to correct any diametral tilt in power. The expected margin for 

operation is the difference between the design x-y peaking factor (ratio 

of maximum to average power density in a horizontal plane) and the factor 

which has been calculated for normal full power operating conditions. In 

Indian Point Unit 2 this difference is 25%. Thus, when an x-y offset 

of 10% is allowed before control action is initiated, there is still 

a large margin between the expected peak power and the peak power which 

has been assumed for design purposes.  

Nuclear Startup and Core Operations Follow Program 

Experimental verification that spatial power redistribution transients 

can be monitored and controlled is to be obtained in five consecutive stages 

during the startup of large Westinghouse reactors preceeding Indian Point 

Unit 3. This program will confirm that the conclusions derived from experiments 

discussed earlier are applicable. Each stage constitutes a defined nortion of the 

overall plant startup program and is comprised of one or more standard 

testing and operational procedures applied under prescribed sets of plant 

conditions. The several stages are:
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A. Static calibration of Power Range Instrumentation

The out-of-core power range nuclear channels, in-core core exit 

thermocouples and primary loop resistance temperature detectors are 

calibrated, on the bases of measured secondary heat balances and 

detailed in-core power distributions (the latter measured with the 

movable in-core neutron detector system), to give internal and 

external consistency in terms of reactor power level, axial and 

x-y power offset ratios, relative assemblywise power sharing 

factors and axial and total nuclear hot channel factors. These 

instrumentation intercalibrations are repeated at several power 

levels of interest between 30% and 100% of full power in typical 

operating control rod configurations.  

B. Free Follow of Spatial Power Redistribution Transients 

Spatial transients are initiated at reduced constantpower level by 

prescribed control rod maneuvers and the resultant changes in core 

power distribution are monitored in terms of axial and x-y 

power offsets as indicated by the out-of-core power range nuclear 

detectors, of assemblywise power sharing factors and gross power 

tilting ratios as indicated by the in-core thermocouple system and 

of the core power distribution made with the in-core movable detectors.  

These comparisons will provide verification of the intercalibrations 

of the out-of-core power range instrumentation under transient condi
tions and direct evaluation of potentially limiting nuclear hot 

channel factors. Transient reactivity changes are met by adjustment 

of the reactor coolant boron concentration.  

C. Controlled Follow of Spatial Power Redistribution Transients 

Spatial transients are initiated, as before, by control rod maneuver

ing at constant power and the resultant power peaking transients are 

operationally suppressed by subsequent maneuvering of the isolated 

x-y control rods and part length control rods. The maneuvering 

scheme for limiting local power peaking during the induced transients
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is to be the normal procedure prescribed for plant operation where 

successive control rod maneuvers are-dictated by the current values 

of axial and azimuthal offset ratios derived from the out-of-core 

power range nuclear detector responses. Concurrent periodic power 

distribution measurements made with the in-core movable detector 

system allow verification of the values of limiting power distribution 

,parameters as deduced from the out-of-core instrumentation responses 

and of the adequacy of the prescribed operating procedure for limiting 

power peaking during spatial power distribution transients.  

D. Controlled Follow of Dynamic Power Redistribution Transients 

Spatial power redistribution transients resulting from typical power 

level perturbations and attendant control rod maneuvers are monitored 

with the out-of-core nuclear detectors and gross power distribution 

is controlled and suppressed by part length and isolated x-y control 

rod manipulation according to standard operating procedures. Con

current detailed core power distribution measurements are made with 

in-core instrumentation to verify values of limiting power distribution 

parameters derived from out-of-core instrumentation response data.  

E. Post Startup Follow 

Operational follow of the large Westinghouse reactors preceeding Indian Point 

Unit 3 will be performed as core burnup progresses to verify that the ability 

to monitor core power distribution parameters, by means of the out-of-core 

nuclear detectors, and to limit local power peaking to acceptable 

values (i.e., hot channel factors < established limits), by x-y 

control rod and part length control rod maneuvering according to 

standard operating procedures to control gross power distribution, 

is not compromised by core depletion effects.  

Final assessment and evaluation of the results of the startup tests and 

of the operational follow will provide bases for approval for operation 

at higher specific power levels.; The operating data

13-8



from other plants which startup prior to 1972 will also provide data for 

justification of the proposed power level in this plant. A list of these 

plants and their dates of commerical operation is included in Table 1-1.  

Final verification of the adequacy of the out-of-core nuclear detector 

system for core power distribution monitoring and of the operational 

schemes for limiting core power peaking in later units will be obtained 

by conducting programs of startup measurements prior to full power opera

tion.  

Power Capability 

The ability to meet the rated power level for this application is dependent 

on showing, during the operation of large Westinghouse units prior to Indian 

Point Unit 3, that adequate margins exist between design values and actual 

values of power peaking.  

The two curves in Figure 1-5 show the margin which exists between the 

proposed operating band for axial offset in Indian Point Unit 2 and the 

kw/ft limit. The area between these two curves is the margin for higher 

power operation. This margil can exist in the axial peaking factor (core 

power level) or in the width of the operating band allowed for a given 

core power rating. The operating data developed from lhdian Point Unit 

2 will contribute to the specification of the offset operating band for 

this application and will indicate the margin to design values which 

is available at the extremes of this band.  

The margin which exists in x-y power peaking is expected to be 25% in 

Indian Point Unit 2. Ten per cent of this margin was employed for detection 

of diametral power asymmetries. In order to meet the proposed power 

requirements, the x-y power peaking must be reduced by about 10 per cent.  

This reduction can be accomplished if the 25% margin expected in Indian 

Point Unit 2 is shown to exist. The increase in power can be accomplished 

by reducing the margin in power peaking between measured and design values 

and/or by reducing the allowed margin in the x-y control system. These 

margins, in conjunction with improvements in radial power shape which 

can possibly
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be accomplished in the final detailed design, will dictate the allowable 
power level for this application. Confirmatory testing will be conducted 

during the start up of the plant.  

Backup Position 

In the unlikely event that the development program described above does 
not show that margins for operation at the proposed power level are 
adequate, the design margins could be achieved by downrating the proposed, 

power level for this application.  

As a backup to the detection and control system, an R&D program exists to 
develop a fixed in-core instrumrentation system. This program is described 
below and on page 13-58.  

Development Program For Fixed In-Core Instrumentation System 

A. Objective 

Develop fixed in-core detectors for application as continuous 

monitors of the power distribution in pressurized water 

reactors (W) 

B. Background 

In-core detectors presently available from various vendors have 
been under performance tests at test facilities at Saxton, WNYNRC 
(Buffalo), and at large plants (Yankee Rowe, San Onofre). The 
purposes of these tests are to determine linearity, response 

time, sensitivity and life time characteristics.  

C. Approach to Solving Problem 

In order to assure that the detectors will have the required perf or
mance and life characteristics, tests and evaluation will be per

formed. In addition to PWR facilities, other test reactor facilities 
will also be used in information obtained from these facilities can
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be integrated with PWR test results. If detector failures occur, 

post mortem analysis will be performed to establish causes of failure.  

D. Work Scope 

The present tests on in-core ion chambers and cables at 

San Onofre and WNYNRC will be continued.  

E. Summary of Work Accomplished to Date 

Installation of three detectors at San Onofre was completed. Evalu

ation of detector performance at Yankee, San Onofre and WNYNRC was 

continued.  

F. Schedule 

1. Summary of early performance tests at Yankee Rowe and 

San Onofre (Summer 1969).  

2. Evaluation of cable tests (Summer 1969).  

3. Final specification of fixed detectors if required (Summer 1971).
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TABLE 1-1 

SCHEDULE OF COMMERCIAL OPERATING DATES 

Rochester Gas and Electric Corporation 1969 
Robert Emmett Ginna Plant 

Nordostschweizerisch'Kraftwerke AG (NOK) 1969 
Beznau Unit 1 

Consolidated Edison Company of New York 1970 
Indian Point Unit 2 

Wisconsin Michigan Power Company 1970 
Point Beach Unit 1 

Carolina Power and Light Company 1970 
H. B. Robinson Unit 2 

Florida Power and Light Company 1970 
Turkey Point Unit 3 

Kansai Electric Power Company 1970 
Mihama Unit 1 

Virginia Electric and Power Company 1971 
Surry Unit 1 

Wisconsin Michigan Power Company 1971 
Point Beach Unit 2 

Florida Power and Light Company 1971 
Turkey Point Unit 4 

Consolidated Edison Company of New York 1972 
Indian Point Unit 3
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-2. Rod Burst Program 

Definition of Safety Related Problem 

The basic design criteria for loss of coolant accident evaluations are: 

A. The cladding temperature is to be less than: 

i. the melting temperature of Zircaloy-4 

ii. the temperature at which gross core geometry distortion, 

including clad fragmentation, may be expected.  

B. The total core metal-water reaction will be limited to less than 

1%, by weight of the zirconium cladding.  

Satisfaction of these criteria will assure that the core geometry remains 

in place and substantially intact to such an extent that effective cooling 

of the core is not impaired.  

The effect of rod bursting, swelling or shattering must be considered in 

the loss of coolant evaluations. In the blowdown phase of the accident, 

core geometry distortion may be due to clad bursting or swelling. The 

clad temperature may get sufficiently high (1200-2000°F) so that bursting 

or swelling of the clad would occur by virtue of the internal gas pressure 

and a significant reduction of clad strength. Clad bursting or swelling 

is of concern because of the possibility of blocking the flow channel so 

that coolant flow would be insufficient to meet the loss of coolant accident 

(LOCA) design criteria, set forth in the PSAR.  

Argonne experimental data on fuel rod quenching caused by the cold 

safety injection water hitting the fuel rods and causing rod shattering 

has initiated concern about keeping the fuel rod geometry intact during 

the reflooding phase of the accident. A eutectic formation between 

Zirconium and Nickel, which resulted in localized melting of the cladding,
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has been reported at 1750'F. Since this temperature is within the 

range of cladding temperatures evaluated in LOCA conditions, concern 

is raised as to what effect this metallurgical reaction will have on

core cooling and the ability of the emergency core cooling system (ECCS) 

to meet the LOCA design criteria.  

Description of the Development Program 

The rod burst program is to supply the empirical data on the above 

safety-related problems from which the amount and kinds of geometry 

distortion can be predicted over the range of conditions of interest.  

The effects of this geometric distortion on the ability of the ECCS 

to meet the LOCA design criteria will then be determined using present 

analytical design techniques.  

The description of the series of tests in the Rod Burst Program are 

discussed below.  

Series A. Rod Burst Tests - Unirradiated Clad 

The objective of this series of tests is to determine experimentally 

the deformation and burst characteristics of fuel rod cladding under 

simulated loss of coolant accident conditions in order to show that 

bursting of fuel rod cladding will not have an adverse effect on core 

cooling capability. Tests were first performed on unirradiated and 

unhydrided clad material since it is felt that the high temperatures 

encountered could tend to dissolve the hydrogen in the cladding and 

anneal any irradiation effects. Thus, these tests were to furnish 

initial information on clad burst characteristics and potential magnitudes 

of geometry distortion over the range of conditions of interest. Eleven 

transient heating burst tests simulating calculated loss of coolant 

heating rates (i.e., 40-150°F/sec average and 350°F/sec maximum) were 

performed on unirradiated reference cladding with void volumes typical 

of present PWR designs.
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Rod Burst Tests - Unirradiated Hydrided Clad

This series fo tests was established to determine what effect the end

of-life hydride content had on the mechanism of failure over the range of 

conditions of interest.  

Transient heating burst tests on unirradiated, hydrided clad (up to 300 

ppm hydrogen) are being conducted to demonstrate the following;: 

1. Effect of void volume: Five tests will be performed on nearly empty 

tubes, to determine the maximum effect of stored energy on fracture 

characteristics. The conditions for each test will be 100°F/sec 

heating rate, 2250 psi initial external pressure, and 725°F initial 

clad temperature.  

2. Parametric experiment: Sixteen burst tests will be performed to 

investigate the effect of four independent variables at levels 

typical for a PWR loss of coolant accident: 

a. Gap - two values of pellet-to-clad gap; 0.001 in and 0.004 in.  

b. Pellets - both cracked and uncracked to be used.  

c. Heating rate - two levels to be studied: 507F/sec and 100'F/sec.  

d. Initial gas pressure - four levels to be used: 500, 1250, 2250, 

3000 psi.  

The initial clad temperature of 725'F will be held for one hour before 

pressurization. The statistical design procedure for the experiment will 

assist in obtaining the desired information from the sixteen tests.
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Series C. Quench Tests - Unirradiated Hydrided Clad 

This series of tests was initiated to evaluate consequences of thermal 

shock caused by the cold safety injection water hitting the hot fuel rods 

during the reflooding phase of the accident. The clad material will be 

heated in a steam atmosphere at rates comparable to those anticipated under 

accident conditions, and to temperature levels at and above those antici

pated in the accident. In particular, these tests will seek to evaluate 

the occurrence of rod shattering and any degradation in the fuel rod 

characteristics due to embrittlement.  

Twenty-four specimens will be tested under the following sets of conditions: 

1. Heating rates - (a) 100°F/sec to maximum temperature and then 

quenched immediately; (b) 50°F/sec and held 1 minute at maximum 

temperature prior to quench.  

2. Maximum temperature - 2300°F and 2800 0F.  

3. Varying amounts of Zircaloy-water reaction prior to quench.  

4. Quench method - drop into, or spray with water. The water temperature 

will correspond to that of the emergency core coolant injection 

water following a loss of coolant accident.  

The test specimens will be open tubes, 4 inches long. The predicted end

of-life hydride level in the clad is nominally 300 PPM.  

Series D. Rod Swelling Tests - Unirradiated Clad 

The purpose of this series of tests is to determine the effect of low 

heating rates and low internal rod pressures on clad deformation. The 

results will be applicable to fuel rods with low internal gas pressures 

but which may exhibit elevated temperatures during the accident. Concern 

here is to evaluate the magnitude of geometric distortion and associated 

flow area blockage.
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Tests are to be conducted on unirradiated-unhydrided and unirradiated

hydrided Zircaloy-4 cladding.  

The conditions of the test will include heating rates of 5, 20, 50, 

and 100'F/sec, internal pressures of 100, 200, and 500 psi and peak clad 

temperatures up to 28000F.  

Tests will also be performed at the above conditions with Inconel-718 in 

contact with the cladding surface to determine the effect on geometry 

distortion with eutectic formations present.  

Series E. Eutectic Formation Experiments - Unirradiated Clad 

Tests have been performed to investigate the metallurgical reaction between 

the Zircaloy-4 fuel rod cladding and the Inconel-718 grid under loss of 

coolant accident conditions. Again, potential flow blockage was evaluated.  

Since the formation of the eutectic occurs by a diffusion process, it is 

both temperature and time dependent.  

The test section consisted of a 2" long section of Zircaloy-4 production 

type tubing inserted in a single cell of an Inconel-718 grid. The rod 

and grid were cleaned prior to testing so that no oxide films were present 

that would hinder the formation of the eutectic. Thus, the maximum reaction 

for the tested conditions was obtained. Four of these specimens were 

exposed in air to the following conditions: 

Specimen # Temperature, OF Time at Temp., min.  

1 1800 5 

2 1800 5 

3 2390 3 

4 2260 5 

Series F. Rod Burst Tests - Irradiated Clad 

To determine the effect of irradiation on the previously postulated mechanisms 

of failure, samples of Zircaloy cladding irradiated in Yankee will be subjected
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to loss of coolant simulated burst and quench tests similar to those 

currently being performed on unirradiated cladding.  

Technical Information to be Obtained from the Rod Burst Program 

The experimental tests conducted under the Rod Burst Program are expected 

to demonstrate the magnitude of core geometry distortion which can be 

expected under loss of coolant accident conditions.  

From the rod burst testing of unirradiated cladding (Series A), unirradiated 

hydrided cladding (Series B), and irradiated cladding (Series F), the 

geometry distortion as a function of the heating rates and internal fission 

gas pressures will be determined. The effect of hydriding and irradiation 

on geometry distortion will be determined from the Series B and Series F 

tests, respectively.  

The rod burst tests on the unirradiated, unhydrided cladding have been 

completed, with the data from these tests revealing that the geometry of 

the rupture (which has been found to be quite consistent) exhibits a small 

longitudinal split in the cladding with the length of approximately 1/2 

inch maximum, and a width of approximately 1/32 to 3/16 inch. This would 

result in a flow area blockage of 10-15% for a single rod. These tests 

also indicate that the burst pressure versus clad temperature data is as 

much as 50 to 200% higher than the design curve used in present rod burst 

evaluations.  

The following table summarizes pertinent information for several of the 

runs in this test program.  

PSI 

Internal 
Initial Internal Clad Temp. Heating Rate Pressure % Flow 

Rod No. Pressure PSI at Burst OF 0F/sec at Burst Blockage 

10 (Fig 2-1) 495 1722 50 490 11.5 

11 (Fig 2-2) 500 1740 70 500 10.3 

6 (Fig 2-3) 1150 1920 150 1070 16.5 

12 (Fig 2-4) 2000 1890 430 1960 13.4
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The visual appearance of these rods after bursting is illustrated in 

Figure 2-1 and 2-4. (Note that the pictures are enlarged and the rod 

outer diameter is 0.422 inches.) 

Analytical studies to determine the effect on the ability of the ECCS 

to cool the core due to the magnitude of flow blockages seen in this phase 

of the rod burst program have already been completed. The hot channel 

is formed by four fuel rods. It was assumed that each of these four 

rods burst into the same flow channel and at the same axial location.  

This burst geometry arrangement results in the most pessimistic flow 

blockage that may occur. An average flow area blockage per rod of 12.5% 

resulted in 50% of the hot channel flow area remaining open. The local 

mass flow at the location of the blockage was evaluated as 40% of the 

nominal value. The effect of this mass flow reduction was to decrease 

the heat transfer coefficient obtained for entrained liquids immediately 

downstream of the blockage, the location where the minimum coefficient' 

occurs, and thus just extended the time at which the clad temperature 

transient begins to decrease at a continuous rate. The peak clad temperatures 

were increased approximately 50'F above those evaluated with no flow 

blockage present. These small temperature differences resulted in a 

negligible increase in the metal water reaction (i.e., < 1% at the core 

hot spot).  

Preliminary results of the hydrided tests (Series B) indicate the deforma

tion or bursting is very similar to that of the unhydrided, unirradiated 

clad, already reported. Tests are continuing to better define the ultimate 

tensile strength of the hydrided cladding as a function of temperature.  

The quench tests (Series C) on unirradiated hydrided cladding and the 

quench tests on irradiated cladding (Series D) will enable the establish

ment of a realistic upper bound for the peak clad temperature criteria 

below which embrittlement or rod shattering will not occur. Clad failure 

due to embrittlement will be determined as a function of both clad temper

ature and metal water reaction.
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In conjunction with this phase of the Rod Burst Program, several quenching 

tests on unirradiated, unhydrided production type Zircaloy-4 tubing have 

been completed. In these tests, cladding heated in an air atmosphere to 

initial temperatures as high as 28000 F and with approximately 2.5% ZrO2 

formation were quenched by being dropped into a bucket of water. No rod 

shattering or any observable change in the visual appearance of the rod 

occurred. For this reactor a peak clad temperature of 2225°F and 2.3% 

ZrQ2 at the core hot spot is evaluated for the loss of coolant accident.  

The magnitude of geometry distortion which may occur due to rod swelling 

under loss of coolant accident conditions will be determined in the Series 

D tests. The results of these tests will be applicable to fuel rods with 

low internal fission gas pressures but at elevated temperatures.  

Due to the plastic instability of Zircaloy observed in tests already per

formed, it is expected that the rod will not expand uniformly. If swelling 

is to occur, it is expected to occur at random axial and radial locations 

on the rod. Thus, flow blockages of the magnitude which would inhibit 

effective cooling of the core are not anticipated.  

The eutectic formation experiments (Series E) have been completed.  

Visual examination of the tested specimens indicated that the flow channel, 

in all cases, remained essentially undisturbed although evidence of reaction 

and some local melting at the point of contact did occur. In no case did 

the tube fuse to the spring nor were droplets or sputtering detected to 

block the coolant flow area. Hence, this eutectic formation will not hinder 

cooling of the core.  

Microscopic examination of the Inconel grid spring fingers indicated a direct 

variation between extent of reaction and test temperature, the reaction 

being slight at 1800'F and increased reaction at 2390°F.
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The data obtained from the eutectic formation experiments confirmed our 

previous assumption that this phenomena does not impair effective cooling 

of the core at the present calculated core conditions during a loss of 

coolant accident.  

Basis for Assurance 

Schedule of Completion of Rod Burst Program

All of the tests in the Rod Burst Program ar 

August, 1969. Specific completion dates for 

noted as follows: 

A. Rod Burst Tests - Unirradiated Clad 

B. Rod Burst Tests - Unirradiated Hydride 
Clad 

C. Complete Quench Tests 

D. Rod Swelling Tests - Unirradiated Clad 

E. Eutectic Formation Experiment 

F. Rod Burst Tests - Irradiated Clad

e expected to be completed by 

each Series of the test are

d

Completed 

Preliminary results 
discussed above 

July 19,69 

June 1969 

Completed 

July 1969
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The results of the Series A rod burst tests, the initial quench test data, 

Series C tests, and the information obtained from the eutectic formation 

experiments, Series F tests, have all confirmed our previous predictions, 

in some cases better than expected, as to the magnitude of geometry 

distortion that might occur during a loss of coolant accident.  

Applicability of Experimental Data to the Accident Situation 

The Rod Burst Program will provide experimental data from which the amount 

of geometry distortion will be evaluated. This geometry distortion will be 

evaluated. This geometry distortion which partially blocks the coolant 

flow channel can be accurately simulated by three-dimensional design computer 

programs already in use to evaluate the flow redistribution due to these 

hydraulic resistances.  

The test variables - heating rates, internal rod pressures, peak cladding 

temperatures, hydriding levels, irradiation histories are comparable to or 

exceed the core conditions evaluated for loss of coolant accidents.  

Clad thermal gradients in all the burst tests simulated loss of coolant 

accident conditions.
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Back-up

In the event that results from the Rod Burst Program do not confirm the 

expectations, but reveal excessive core geometry distortions, the plant 

can be derated to such a power rating that will assure the meeting of the 

established LOCA criteria.  

Gross core distortion reduces the local mass velocities, and hence will 

reduce heat transfer coefficients that are strongly dependent on coolant 

velocity. Without gross core distortion the clad temperature transient 

is turned around by an entrainment process during which heat transfer 

coefficients are velocity dependent.  

If the flow blockage is excessive this heat transfer is less effective and 

the hot spot clad temperature will continue to rise until turned around 

either by sufficient steam flow generated in the lower region of the core 

or complete recovering of the hot spot. This increase in steam flow rate 

is required to achieve adequate local velocity for convective cooling 

beyond the flow blockage area. Longer turn around time than those 

established using liquid entrainment are encountered. Thus, a lower core 

power level may be required to compensate for this additional period of less 

effective cooling.
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3. Containment Spray Program

Definition of Safety Related Problem 

The addition of reactive chemicals to the containment sprays has been proposed 

as a means to reduce the iodine content of containment leakage to within 

site regulatory limits. Data which has already been obtained in engineering 

scale tests confirms the absorptive capacity of the chemically modified 

sprays. Further refinement of the analytical model is being pursued in 

order to be able to justify additional performance of the sprays and to 

evaluate non-ideal factors in extrapolating to large containment vessels. It 

must be established also that in no way does the use of the proposed additive 

chemicals jeopardize the performance or integrity of the containment or 

emergency core cooling systems. The basis for the design and evaluation are 

described in the PSAR and in the Zion Hearing Testimony (Dockets #/50-295 

and 50-304). The discussion below is an amplification of the R&D program.  

The following technical considerations and areas are being investigated in 

order to demonstrate the full capability of the spray system.  

A. In extending the height of the chamber in which spray absorption takes 

place, the possibility of more interaction (i.e. coalescence) between 

droplets arises due to their longer residence time (longer fall 

distance).  

B. Simplifying assumptions which were made in preliminary analyses and 

verified in intermediate size tests, namely that absorption rate is 

gas-film controlled, should be examined to determine whether liquid 

phase mass transfer and/or chemical reaction may influence overall 

absorption rate in a large system.  

C. The ef fect of non-uniformity of spray droplet size on the surface 

area for absorption has been incorporated in previous performance 

analyses.. It is desired to consider non-uniformity effects on other 

aspects of the problem, including (in addition to collision frequency 

menti oned above) the increased residence time of small drops, gas phase 

mixing, and the depletion of the capacity of small drops to react with 

iodine due to their smaller volume-to-surface ratio.
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D. It must be shown that the use of chemical additives does not 

promote corrosion or other degradation of the integrity of the 

containment or EGGS such that the safety function of these systems 

could be impaired.  

E. The maximum rate of hydrogen generation from corrosion or radiolysis 

of water under post accident conditions must be assessed in order to 

establish the level of protective action to be taken against the 

accumulation of a flammable or. explosive atmosphere. It is necessary 

that the basis for such an assessment include any effect on hydrogen 

production due to the presence of spray additive chemicals.  

Specific Technical Information to be Obtained 

A. Droplet Coalescence 

For purposes of a conservative system evaluation, it will be assumed 

that collisions between droplets occuring with the spray trajectory 

patterns by virtue of unequal velocities and/or intersecting spray 

patterns will result in coalescence of the colliding drops. The 

spray development program will seek a quantitative evaluation of the 

effect of this coalescence on the calculated absorptive capacity, 

so that iodine removal rate can be assessed accordingly. The model 

will be applied to the NSPP and CSE experiments to show consistency 

with presently available data obtained with the shorter residence times 

of these experiments.  

This analysis will be completed by Westinghouse, evaluated, and results 

made available in the third quarter of 1969.  

B. Liquid Phase Mass Transfer Resistance 

For purposes of conservative system evaluation, the existence of a 

liquid film mass transfer resistance will be reflected in the analytical 

model. 'Values of liquid film mass transfer coefficient and partition 

factors will be derived from literature data and applied to this model 

to show whether or not the liquid film resistance would limit performance
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in *a large containment. As a test of the reasonableness of the values 

chosen, the same model'will be applied to the NSPP and CSE experiments.  

Consistency of the analytical and experimental results will indicate* 

that the liquid film resistance has been adequately modeled.  

This anlaysis will be completed by Westinghouse, evaluated, and 

results made available in the third quarter of 1969.  

C. Non Uniformity of Spray Drop Size and Coverage 

The spray droplet population will be treated as having a non-uniform 

spectrum in all aspects. The data from previous Westinghouse measurements 

with the spray nozzles proposed for plant instalation will define this 

spectrum at the point of introduction into the containment atmosphere.  

As mentioned earlier, changes in this spectrum due to coalesence during 

drop fall will be-included. The processes of gas phase mixing will 

be treated also to determine the effect of limited regions of the 

containment which are not reached by spray.  

This work will be completed by Westinghouse, evaluated, and results 

made available in the third quarter of 1969.  

D. Materials Compatibility 

Considerable data on the corrosion of major construction materials 

have been obtained under the Westinghouse spray development program 

to date. By further correlating and documenting this work it can be 

shown that general corrosion is not significant for the ma terials which 

have been used in the containment structure and in engineered safety 

features. Aluminum which is present in the containment is attacked, 

.but is not used in vital components or structures. Documentation will 

cover, where needed to illustrate corros ion properties, the 

temperature dependency of corrosion and the degree of sensitivity 

of stressed and welded specimens. It is expected that data previously 

obtained in Westinghouse programs and supplemented by published 

literature will largely cover these concerns. The data to be 

developed in this program will be reviewed with the Staff.
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As part of a general program to prove the durability of safeguards

related components under accident environments, tests are being 

conducted by Westinghouse and certain of its suppliers. Exposure to the 

spray solution under these conditions will provide information as 

to the compatibility of electrical components, lubricants, sealants, 

and typical insulating and protective coating systems. Sump pH vs.  

time and spray pH at the nozzle are not fixed at this time. A criterion 

has been established which places the minimum containment sump pH at 

8.5 when iodine is to be retained, and the maximum pH of sprayed 

solution at 10.0 for materials exposure. The spray chemical addition 

system will be designed to meet these criteria. At a pH of 10 or less, 

the data obtained" in a proprietary Westinghouse study indicate general 

corrosion to be quite acceptable, except for aluminum which must 

not be used for vital service in the spray environment. Further effort 

in the study just mentioned will be devoted to special considerations 

of corrosion in stressed and welded specimens, to provide assurance 

that localized attack is not a threat to the integrity of the 

contaiment and EGGS. While this is a continuing program, the status 

of informationi reflecting on the use of the proposed spray additives 

will be evaluated and. reported in the first half of 1969.  

E. Hydrogen Generation 

Data on the corrosion of aluminum and other metals obtained under the 

materials compatibiltiy phase of the program has provided a basis for 

predicting accumulation of hydrogen in the post accident containment 

atmosphere.  

While it is not possible to account for all aluminum surfaces in the 

containment specifically at this stage in procurement, it is possible 

to make an estimate based on experience with Indian Point Unit 2. Major 

sources whose aluminum contribution are know were itemized, and an 
allowance made for those presently unidentified. In the aggregate,
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a total of 262 square feet was estimated, and no limit on 

thickness was assumed. The rate of alkaline corrosion assumed was 
2 1000 mg/dm /day, representative of corrosion rates measured by 

Westinghouse for several aluminum alloys at about 212'F in pH 9.5 

solution, on all aluminum surfaces. No credit was taken for 

anodizing or protective coatings. Complete and continuous immersion 

at temperature of the containment was postulated although 

it would be expected that most of the objects considered would 

cease to be in contact with alkaline solution afer the sprays are 

turned off (probably during the first few hours post accident).  

Aluminum Corrosion Hydrogen Time Post Accident Hydrogen 

Production 7 days 1000 standard ft3 

10 days 1200 standard ft
3 

20 days 2000 standard ft
3 

40 days 4000 standard ft
3 

90 days 10,000 standard ft
3 

100 days 11,400 standard ft
3 

Zr - Water Reaction (2%) 6600 standard ft3 

Another Westinghouse program is in progress to evaluate the rate of 

radiolytic decomposition of spray and core cooling water. Its 

purpose is to ascertain the dependence of radiolysis on flow, 

temperature and chemical factors, including the effect of spray 

additives. Most of the data have been collected, and analysis is 

expected to extend through the first quarter of 1969, permitting an 

assessment of the magnitude of possible hydrogen accumulation at 

that time.  

The capability of the containment to accommodate hydrogen formation 

and the existance of a recombiner system design to maintain a safe 

hydrogen concentration under conditions of maximum hydrogen evaluation, 

including radiolysis rate, make the completion of this research and 

development unnecessary for the final design. Furthermore, the limits 

of flammability and the mechanisms for energy input from various 

types of recombination mechanisms are adequately understood.
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Basis for Assurance that R&D will Meet Objectives

It is the overall objective of the spray development program to 

compile engineering data and analyses which justify reliance on the 

containment sprays to provide an average reduction factor of at 

least 5.3 in the iodine leakage from the Unit 3'reactor containment 

systems in the first two hours. Making the conservative assumption 

that 10% of the available iodine is not removable by sprays it is 

apparent that the objective just stated requires a reduction factor 

of about 11 in the leakage of removable forms. The simple 

analytical model (which shows agreement with engineering scale test 

data, generally within a band of + 20%) predicts that a reduction 

factor of approximately 60 could be expected if the effects of 

coalescence, liquid film resistance, drop size non-uniformity, etc., 

could be shown to be negligible, and if only one of the two spray 

systems were operated. Considering the agreement with test data 

and preliminary assessment of non-ideal scaling effects, there 

remains a very high confidence that the final evaluation will show.  

an abundant margin between the predicted dose reduction factor for.  

removable forms of iodine and the minimum acceptable factor 11, even 

when conservative allowance is made for coalescence, liquid film 

resistance and non-uniformity.  

In the matter of materials compatibility, there is also a high degree 

of assurance that results will confirm, rather than militate against 

the use of alkaline spray chemistry. This conclusion is based on the 

fact that this chemistry is one of the most favorable environments for 

stainless and carbon steels, and that there is flexibility in the 

selection or protection of other materials where safety is of concern 

should any adverse results be obtained.  

In the area of hydrogen generation, there is presently sufficient 

data to make a conservative *estimate of aluminum corrosion in the 

spray environment, and a maximum theoretical yield for the process 

of radiolysis. Thus at any time, an assessment of the need for
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protective action such as controlled hydrogen recombination or feed 

and bleed hydfogen purge could be conservatively made. Final data 

would only indicate the degree to which those actions might be 

deferred or avoided with better technical information at hand.  

The recombiner system is in an advanced state of development for the 

Ginna Plant and employs accepted conventional techniques of 

controlled combustion to dispose of hydrogen without permitting 

its buildup to a flammable concentration. The recombiner for the 

Ginna Plant will be suitably tested to obtain the following types of 

performance information.  

1. Operating performance of combustor and basic auxiliaries under 

a range of light off and operating conditions with varying 

fuel rate and combustion zone outlet temperature.  

2. Variation on oxygen content of the air.  

3. Effects of steam and/or entrained water on light-off and 

normal burner operation.  

4. Stability over a range of air and fuel flows.  

.5. Efficiency of hydrogen removal.  

In summary, therefore, the probability is quite remote that there 

will be a need to adopt a back-up design in lieu of chemical sprays 

for iodine removal. Should this be necessary, the charcoal filters 

in the air handling system (See page 13-42 of this report) can 

achieve the necessary overall reduction factor of 5.3 in overall 

organic and inorganic leakage.  

It is expected that the spray development program will furnish all of 

the required analytical capability and reference data with which to 

demonstrate the full capability of the spray process by the third 

quarter of 1969.
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4. Charcoal Filter Testing Program

Introduction 

A comprehensive description of the charcoal filter system designed for 

the decontamination of the containment atmosphere with respect to organic 

iodides was presented in the answer to Question 5 of Supplement 7. This 

answer included a detailed review of the available literature on work 

performed with iodine impregnated carbons, showing the effects of many 

variables on the probability of isotopic iodine exchange between the 

vapor methyl iodide and the carbon bed. Among the variables studied 

were bed depth, air/steam flow velocity, carbon particle size, quantity 

of iodine impregnant, specific radioactivity of methyl iodide, and 

relative humidity. The latter variable is still under discussion and 

is the subject of the following paragraphs.  

To further delineate the effects of moisture on the efficiency of methyl 

iodide decontamination under the specific conditions of this application, 

additional testing is planned. The scope and objectives of this testing 

program are summarized in this section.  

Background 

The effects of water on carbon bed performance are an important consideration, 
since it is postulated the reactor containment atmosphere will be at near 

100 percent relative humidity during the post accident period. It has been 
reported that the bed performance for methyl iodide decontamination will be 

significantly reduced at the conditions of near 100 percent relative humidity.  

This conclusion, however, is not clearly substantiated by the available test 

data, nor is it supported by a careful examination of the carbon properties 

for water adsorption at the test conditions. Indeed, a clear distinction 

has not been made between tests conducted at high humidity conditions and 

those with test beds flooded with water.
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The water content of a granular carbon, as used in this application, will 

vary according to the relative humidity of the air stream as shown by the 
typical isotherm in Figure 1. At 100 percent relative humidity and 20*C, 

the water content for a high activity carbon (1400 m 2/gm) will be 

approximately 57 percent, based on the dry carbon weight. The water 

content will vary with the total surface area of the particular carbon 
examined. Figure 2 shows this relationship, for 100 percent relative 

humidity and 100%, and indicates the values for several commercial carbons.  

It is noted that the water absorbed at 100C is about 10 percent less 

than that absorbed at 20C, for the same carbon.  

By comparison, the pore volume of the several carbons, as given in Supplement 

7, determined by the BET nitrogen adsorption technique, is as follows: 

NACAR G601 0.9 ml/gm 

MSA 85851 0.9 

BC 727 0.9 

PCB 0.6 

SS 207B 0.6 

Norit RCX 0.6 

NSA 24207 0.6 

BC 239 0.6 

Thus, if the available pore volume were filled with water, the water content 

would be 0.9 gm/gm dry carbon for the high activity carbons. As the water 
content of a carbon bed increases above the isotherm value, pore flooding 

occurs, followed by wetting of the granule exterior surface and filling of 
the void between granules. An upper limit for water content of a completely 

flooded bed is about 2gm/gm.  

The characterization of test carbon bed performance in terms of its water 

content is important since it reflects whether or not the carbon is exposed 

to the high relative humidity or to a supersaturated air stream containing
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moisture droplets. Moreover, for very high moisture contents, > 1 gin/gm, as 

has been reported for some tests, it is apparent that the collected water 

was not afforded a means to drain from the test bed, thereby compounding 

several effects on the methyl iodide decontamination performance. A 

partially flooded bed will reduce the air/stream flow area and thereby 

decrease the residence time, leading to a reduction in bed performance.  

With a properly oriented carbon bed, which permits upward or downward flow 

of the-air/stream mixture., bed flooding is not expected to occur since the 

excess water can drain, leaving the flood areas unaffected. Tests have been 

conducted with ve rtical air flow and bed performance has remained high at 

conditions of 100 percent relative humidity, and even at supersaturated 

conditions.  

Planned Test Program 

Since test data exist which have been interpreted to reflect low performance 

at high relative humidity conditions, without clarification of the effects 

due to flooding, additional tests are being planned. There tests will supplement 

the existing data and are expected to illustrate more clearly the effects 

of moisture on bed performance. Arrangements are being made by Westinghouse 

to have the tests conducted at the Oak Ridge National Laboratories by Messrs.  

R. E. Adams and R. D. Ackley, who have considerable experience in the 

evaluation of impregnated carbons for this application.  

The test program will consist of a series of tests aimed specifically 

toward the effects of moisture. The test equipment will be constructed 

for operation at "'270*F, 55 psia, with A steam/air superficial velocity 

of 40 fpm., and at 90 to 100 percent relative humidity.  

The following specific objectives are sought:
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1. To show the relationship of filter performance with moisture 

content when moisture is derived solely from water vapor 

absorption in a saturated and near-saturated atmosphere.  

2. To determine whether sufficient dewatering of a flooded filter 

can be achieved under saturated conditions to restore useful 

trapping efficiency for methyl iodide.  

The carbon test bed will be 3 inches in diameter, 2 inches depth, and 

will be confined between punched plate retainers as used in the plant 

filter cell construction. The carbon bed will be oriented such that 

either downflow or upflow of the air/steam mixture can be maintained 

during a test.  

Except as noted below, all tests will be conducted with a methyl iodide 

concentration of 6 mg/m 3 , which simulates the conservative estimate of 

methyl iodide in the reactor containment under accident conditions.  

The carbon to be employed in these tests will be MSA-85851 or equivalent.  

The program as planned will consist of the following tests: 

1. A series of six tests will be conducted to define the effects of 

humidity on methyl iodide decontamination efficiency over the range 

90 - 100 percent relative humidity. Air/steam flow is to be 

downward.  

2. Two tests will be run at near 100 percent relative humidity, as in 

1, except the air/steam flow will be upward.  

3 Three tests will be conducted to study the effect of flooding and 

recovery on methyl iodide decontamination. In these tests, the 

charcoal bed will be initially flooded, then purged of excess water 

with air at 100 percent relative humidity, then the methyl iodide 

efficiency determined. The air flow will be downward in these tests.
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4. The flooding and recovery tests will be repeated, as in 3., except 

the air flow will be upward. Three tests will be run.  

5. As a comparison with tests run previously at ORNL (see ORNL-4040 

and -4180), two tests will be conducted with wire mesh screen 

retaining the carbon bed, in place of the punched metal plate.  

6. Also as a comparison to previous work, the air stream methyl iodide 

3 3 
concentration will be increaded from 6 mg/m to 80 mg/m in two 

tests.  

The test program as outlined will require approximately 5 months to 

complete.. Results are expected during the early part of the third Quarter 

of 1969.  

Application to Design 

The results of the testing program will influence the design of the Indian 

Point Unit 3 filter system in the following way.  

First, it will be ascertained that under 100% humid conditions, but with 

liquid entrainment excluded, the filter medium can provide the needed 

exchange efficiency. As shown in Supplement 7, Section 5, an efficiency 

of 50% is more than adequate to meet the dose objectives of the system.  

(By reference to Figures 5.4-1 and 5.4-2 in that section it is seen that 

the proposed system incorporating 60 installed filter cells will reduce 

the organic iodine dose to 126 rem in 2 hours at the site boundary, and to 

136 rem in 30 days at the low population zone boundary. Both results 

are based on 3 of 5 filter banks operating and 50% overall efficiency 

of exchange per pass. When added to the corresponding inorganic iodine 

doses with conservative allowance for spray absorption, the 300 rem 

limit of 10 CFR 100 is met in both instances.) If the test results show 

that the effect of 100% relative humidity alone prevents the system from 

meeting or exceeding this required performance, design provisions will 

be made to reduce the relative humidity of the influent air-steam mixture.
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It is visualized that this would be accomplished by electric or steam 

heating elements contacted by the atmosphere entering the filters.  

Second, the post-flooding recovery characteristics of the filter will 

be examined. If the efficiency of the bed is acceptable at 100% humidity 

but cannot be shown to recover after flooding, a possible design alternative 

would be to isolate the filter system in a pressure-tight enclosure until 

after the initial phase of the accident. At the sacrifice of a small 

increase in dose (less than 20 rem), the filter could thus be protected 

from an influx of liquid water during the first hour of the post accident 

period, during which most of the condensation and runoff of primary water 

in the containment will have occurred. A second alternative would be to 

provide downflow through all filter beds, instead of mixed upflow and 

downflow as in the presently conceived filters. This choice would be 

indicated, for example, if the tests showed recovery to be substantially 

favored by downflow where gravity and viscous drag were acting together 

to aid dewatering. A third alternative would be to employ a preheater 

to induce dewatering by evaporation. The choice of one of these methods 

would be based on economics and layout considerations after the recovery 

characteristics are evaluated. It is re-emphasized, however, that 

should the tests show that recovery will occur by natural effects, i.e., 

without heating, pressure isolation, or special flow orientation, 

it will be preferrable to waive these provisions in the interest of 

simplicity and ease of surveillance. Preliminary design of the air 

handling system will proceed in such a way as to preclude none of the 

above alternatives until completion of the test evaluation.
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OTHER AREAS OF RESEARCH AND DEVELOPMENT

Other areas of research and development, as outlined below, are those 

which will give added confirmation that the proposed designs are 

conservative.  

These programs are in progress and are being carried out basically to 

provide technical information which can be applied to component or system 

improvements in future plants.* 

*See Summary of Application, Section VIII, pages 54-55.
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1. Burnable Poison Program 

This program will verify the calculated reactivity worth and effect 

of borosilicate glass on power distributuion, and will demonstrate 

satisfactory mechanical performance in a reactor environment.  

Burnable poisons are to be added to the initial core to eliminate 

the positive moderator coefficient previously expected at operating 

temperatures early in the first fuel cycle. The design basis 

and critical experiments were described in a report, WCAP-7113, 

"Use of Burnable Poison Rods in Westinghouse Pressurized Water 

Reactors," dated October, 1967.  

This report, submitted to the AEC, Division of Reactor Licensing, 

also outlined the program for future development. The program 

for the burnable poison rods includes performing critical experiments 

to verify calculated reactivity effects, calculation of critical 

loading using two dimensional diffusion theory, and corroboration 

of mechanical and nuclear design by evaluation of rod performance 

in the Saxton reactor. I 

Critical experiments conducted at the Westinghouse Reactor Evaluation 

Center have demonstrated that standard analytic methods can 

be used to evaluate the reactivity worth of these burnable 

poison rods. These experiments were performed using 2.72 per 

cent enriched UO2 clad in Zircaloy. The reactivity worth was 

measured for solid glass rod and two thicknesses of glass tubing 

for several ratios of glass to fuel.  

The Boron content of the glass was 12.8 weight per cent. These 

parameters are representative of the plant design. Application 

of these standard methods to reacctor design indicates that the 

moderator temperature coefficient of reactivity will be negative 

at operating conditions.
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In-core testing of these rods in the Saxton reactor shows 

satisfactory performance. The first application of these rods 

in the GINNA plant, scheduled to start up in 1969. Complete 

results of the program will therefore be available several 

years prior to startup of Indian Point Unit 3. (See Table 1-1, 

page 13-12).
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2. Saxton Loose Lattice Irradiation Program

There is a need for additional data on PWR fuel performance in 

bundle form at high linear power rating combined with high 

burnup, although data has been obtained for the variables 

individually. The excellent operating experience achieved 

with the Zircaloy-4 clad mixed oxide Saxton Plutonium Project 

fuel in Core II together with the ability to extend the burnup 

of this fuel to significantly higher levels by positioning the 

individual fuel rods at a higher water-to-fuel ratio in new 

mechanical assemblies has led to the decision to undertake a 

"loose lattice" operation in Saxton Core III. The objectives 

of this mode of operation are to: 

a) validate fuel element performance predictions, including 

determination of linear power/burnup failure limits, 

b) demonstrate the performance capability of Zircaloy clad oxide 

fuel elements over a broad spectrum of burnup and power 

levels, 

c) obtain depletion characteristics and transuranic isotope 

generatipn data for high burnup mixed oxide fuel.  

The more open lattice of the reconstituted Core III assemblies 

also permits satisfying current thermal design cirteria while 

operating individual fuel rods at very high linear power levels.  

The maximum power/burnup fuel operating conditions which are achieved 

in the loose lattice assemblies are directly responsive to specific 

ACRS concern for further experimental confirmation of fuel performance 

capability at worst anticipated transient heat generation rates 

and miximum burnups.
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Existing Saxton Core II Zircaloy-4 clad PuO -UO2 fuel assemblies 
will be modified to effectively increase their lattice pitch 

by reinstalling individual fuel rods in new assemblies for further 

irradiation during Core III operation. This modification utilizes 

the significant increase in the reactivity capability of Zircaloy 

clad plutonium fuel which can be obtained by increasing the water

to-fuel ratio. Saxton Core III will consist of seven plutonium 

loose lattice assemblies reconstituted from the plutonium assemblies 

now in Core II, two new PWR reference UO2 assemblies, and twelve 

U02 partially depleted fuel assemblies from Core I and Core II 

operation.  

It is planned to operate the lead rods in Saxton Core III loose 

lattice assemblies at a peak design linear power rating of 24.0 

kw/ft. End-of-life peak burnups of 45,000-55,000 MWD/MTM will 

be achieved. Because the Saxton Core II mixed oxide fuel rods 

were designed for relatively low peak burnups (20,000 MWD/MTM) 

and operation at design peak power densities < 16 kw/ft, operation 

of the higher burnup Core II rods at the higher linear power levels 

planned for this test program will have a significant risk of producing 

fuel failures. Prior experience at Westinghouse and other sizes 

has shown that these failures will be limited to localized cracks in 

the cladding which do not result in loss of fuel. The rods in 

which failures are to intentionally be induced will be located in 

the center removable 3 x 3 subassembly to permit easy access when 

removal of these rods becomes necessary. Linear power/burnup levels 

for the balance of the loose lattice rods have been more 

conservatively specified, but will demonstrate fuel performance at 

conditions significantly exceeding current PWR design limits. This 

mode of test operation will permit power/burnup limits to be 

established while operating safely and in full compliance with the

reactor license Technical Specifications.
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The new and reconstituted' ore III fuel assembly designs permit 

removal and replacement of individual fuel rods. This permits 

on-site visual and nondestructive examination of rods at varying 

levels of burnup during a planned shutdown and vessel head removal 

at the midpoint of Gore III .operation. Selected rods will also be 

transferred to the Westinghouse Post-Irradiation Facility hot cells 

for destructive-~examination and further evalutation during this 

shutdown. A similar program of non-destructive and destructive 

examinations is planned at the end of Core III life for rods operated 

in a range of high linear power and burnup levels.  

Design and fabrication of fuel assembly components and specification 

of detailed test conditions is being carried out by the Westinghouse 

Nuclear Fuel and PWR Plant Divisions. Conduct of the test will 

be a joint Westinghouse-SNEC effort. Westinghouse Nuclear Fuel 

Division will conduct the post-irradiation examination at the Waltz 

Mill facility. Evaluation of the test results will also be performed 

by the Nuclear Fuel Division.  

Planning of this program was begun in early 1967 and is now essentially 

complete. Fuel assembly components are now being fabricated at 

Westinghouse Nuclear Fuel Division, Cheswick facilities. The 

reactor licensing procedures began in September 1968. Saxton 

Core II operation was completed in October 1968; reconstitution operations 

were conducted at the Waltz Mill site from November 1968 to March 

1969. Initial Core III high power operation is scheduled in June 

1969. Intermediate on-site fuel examination will be performed in 

April 1970, and the first destructive post-irradiation results are 

expected in July 1970. End-of-life post-irradiation examinations 

and evaluations will be conducted in the last half of 1971.  

The results of this extensive fuel test program will both define 

linear power/burnup failure limits and provide additional confirmation
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of the adequacy of current fuel performance margins by more 

quantitatively validating design methods.  

Specific results from thi s program can be applied in plants 

beginning operation in late 1971.
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3. Zorita Irradiation Program

The Westinghouse Nuclear Fuel Division and the Union Electra Madrilena 

(UEM), S.A. have agreed to the inclusion of four advanced assemblies 

in the Zorita reactor to demonstrate the reliability of contemporary 

fuel rod designs for high power, high burnup application. Since 

Zorita is the first PWR to operate at 2250 psi, the temperature, 

pressure, and chemical environment are similar to reactors presently 

being designed or under construction. Consequently, these assemblies 

provide the first opportunity to evaluate the performance of Zircaloy

4 clad fuel rods that have operated at peak design linear power 

levels of up to 20 kw/ft and peak pellet burnups of up to 55,000 

MWD/MTU in a commercial PWR.  

The design of the Zorita advanced assemblies is such that 51 of 

the rods in each assembly can be removed for examination or replacement 

during normal refueling operations. Sixteen of the rods in each 

assembly are designed for operation at peak linear power levels 

of 18-20 kw/ft. Post-irradiation visual and dimensional examinations 

will be performed on individual fuel rods during scheduled head 

removals. The two Region 2 assemblies will be removed after two 

cycles of operation; the two Region 3 assemblies will be removed 

after three cycles. Fuel rods will be examined after each cycle 

to evaluate the effects of increasing exposure. The lead burnup 

rods will be removed from Region 3 assemblies at the end of the 

second cycle to limit the peak exposure after three cycles to less 

than 55,000 MWD/MTU.  

Present program plans specify a total of 56 fuel rods from the four 

advanced assemblies to be visually and dimensionally examined in 

the Zorita fuel storage pool. Eighteen of these rods will also 

be subjected to extensive destructive examinations. The objectives 

of this effort are to:
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a) Demonstrate the overall reliability of contemporary PWR fuel 

element designs.  

b). Evaluate the effects of long-term exposure under actual service 

conditions on the reference design Zircaloy-4 fuel element 

cladding.  

c) Evaluate the effects of various combinations of linear power 

level and burnup on overall fuel performance.  

Agreement has'been reached with the Spanish AEC (JEN) to perform 

the destructive post-irradiation examination in the JEN hot cells 

with Westinghouse providing program direction and engineering 

assistance. The on-site examinations will be performed cooperatively 

by Westinghouse, UEM and JEN technical personnel.  

The Zorita Irradiation Program was initiated in 1965. Design, 

fabrication and insertion of the four advanced assemblies has 

been completed. Plant startup is in progress and full power 

operation is expected early in 1969. Initial non-destructive 

fuel performance data will be obtained upon completion of the 

first cycle of plant operation in July 1970, at which time 

on-site visual and dimensional examinations will be conducted.  

Several fuel rods will then be shipped to JEN hot cells in Madrid 

for post-irradiation evaluation.  

Data from the post-irradiation examination of Cycle I fuel rods 

are expected by May 1971. Data from Cycle II and III examinations 

are expected by July 1972 and September 1973, respectively.
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The results of the examination of selected special fuel rods 

will extend the present knowledge of long-term exposure effects 
on cladding and fuel operating at design linear power levels 

in excess of the maximum levels planned for currently committed 

plants. Successful operation of the test rods will permit more 

quantitative determination of the fuel performance margin provided 

by current design practice. Thus the results of this program 
will apply primarily to future plants and may permit later up 
r ating of cores for plants currently committed. Sustained successful 

operation of special Zorita fuel rods at peak design power levels 

in excess of those planned for presently committed plants will 

also increase assurance that the fuel for current plants has 
adequate performance margins to accommodate transient overpower 

operation.  
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4. In-Core Detector Program

The purpose of this program is to develop fixed in-core detectors 

with a lifetime to make them suitable for continuous monitoring 

of the power distribution in a PWR core.  

Experimental measurements in SENA, San Onofre and Connecticut Yankee 

have shown that gross power distribution monitoring can be satisfactorily 

performed with out-of-core detectors. The out-of-core detectors, 

particularly long ion chambers, have been found effective for monitoring 

both axial and radial gross power distribution. However, as a possible 

backup to out-of-core instrumentation, a program is underway to 

develop and evaluate fixed in-core detectors for continuous core 

power monitoring. Detectors are already available which have the 

required performance characteristics, but these have not yet been 

qualified for long term operation.  

In-core detectors presently available from various manufacturers 

will be evaluated to determine their lifetime and sensitivity 

characteristics.  

In-core detectors will be obtained from various vendors and evaluated 

for linearity, response time, sensitivity and lifetime characteristics.  

Four experimental detectors have already been installed in the 

Yankee plant.  

A test progrm will be carried out in the early plants to determine 

the need an number of in-core detectors if required for power distribution 

monitoring and control applications.  

The evaluation of detectors underway at Saxton, San Onofre, Yankee, 

Western New York Nuclear Research Center and 6ther facilities will 

be completed in December, 1970. The lifetime evaluation program 

will be completed in 1971.
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5. ESADA DNB Program 

This program will provide experimental rod bundle DNB data with 

non-uniform rod axial flux distributions. These DNB data will be 

directly applicable to present Westinghouse pressurized water 

reactor designs.  

DNB studies have been conducted at Westinghouse and other facilities 

with uniform axial heat flux rod bundles and withuniform and non

uniform heat flux single rod test sections. The Westinghouse 

uniform flux rod bundle data indicated that with a 95% probability 

at a 95% confidence level, the minimum DNB ratio evaluated at DNB 

was 1.08. Thus, the design criteria for 1.30 has substantial 

margin. These data are the basis for existing DNB correlations 

used in reactor design. DNB data for rod bundle geometries and 

non-uniform rod axial flux distributions will be supplied under 

this program.  

The reference design test assembly will be a 4 x 4 square array 

of 0.422 inch O.D. rods with an 8 foot heated length. Each test 

assembly will have an axially non-uniform heat flux distribution.  

The effects of radial variation in power and mixing promotion devices 

will also be investigated.  

Each test assembly will be investiaged throughout the following 

range of variables, which should-cover the expected operating 

conditions of present PWR designs: 

System Pressures: 1500 to 2500 psia 

Inlet Temperature: 450°F to.600°F 
6 6 *2 

Mass Velocity: 1.0 x 10 to 3.0 x 10 lb/hr-ft
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The first phase of this program consists of the construction of 

a high pressure and temperature water ioop'for conducting the heat 

transfer and hydraulic tests. Upon co mpletion of the loop, 12 test 

assemblies will be tested to provide DNB data with axial non-uniform 

heat flux distributions.  

Listed below are the loop characteristics:

Flow rate: 

Working Pressure: 

Test Section Inlet Temperature: 

Test Section Outlet Temperature: 

Test Section Heated Length: 

Side Stream Purification: 

Materials of Construction: 

Power Input to Test-Section:

400 gpm maximum 

40 gpm minimum 

3500 psia maximum 

650'F maximum 

700'F maximum 

16 feet maximum 

Sufficient to maintain and 

adjust the chemical analysis 

of the loop water at a rate 

of 3 loop volumes per hour.  

Stainless steel 

3.5 MWe maximum

The value of heat flux, pressure, inlet temperature and mass flow 

rate at which DNB occurs will be measured. An experimental series 

for each test assembly will consist of 36 valid data points, 

together with repeat points necessary to establish reproducibility 

of the data.  

This program will be conducted at Columbia Un iversity under the 

direction of Westinghouse Atomic Power Divisions, Pittsburgh, Pennsylvania.  

The loop construction was completed in May, 1968. Testing will 

be conducted during the period June, 1968 through September, 1969.  

The experimental rod bundle DNB data with non-uniform rod axial 

flux distributions will be directly applicable to all present Westinghouse 

pressurized water reactor designs, and will indicate their margin 

to DNB. These data will also be used to optimize future designs.
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6. Failed Fuel Monitor Program

The purpose of this program is to evaluate two types of 

instrumentation for pro mpt detection of fuel failure.  

An early indication of an increase in fission product concentration 

in the Reactor Coolant System, symptomatic of a fuel failure, is 

obtained from a change in gross gamma activity in the area of the 

coolant letdown system. Precise information of the coolant activitipc 

is obtained by laboratory analysis of a coolant sample. Although 

failed fuel detection is presently performed by the letdown monitor 

a program is underway to develop a rugged and dependable system 

with a short response time and high sensitivity to fission product 

release. Various prototype systems will be installed and tested 

at Saxton to determine the best system.  

The following types of failed fuel detectors will be evaluated at 

the Saxton reactor: 

a) Delayed neutron monitor 

b) Coolant gamma activity monitor 

Main coolant water at-operating pressure will be continuously circulated 

in the set-ups for delayed neutron and coolant gamma monitors to 

establish 'the background at normal operating conditions and changes 

in the signal levels will be monitored for indication of failed 

fuel. Sufficient lag times (20 to 60 seconds) will be provided 

for decay of the short lived products of water irradiation. Evaluation 

will be made of the response time, reliability and sensitivity of 

both the systems. Monitoring for gross gamma activity along the 

main coolant pipe will also be performed. This system is expected 

to have fast response but relatively insensitive to fuel failures 

because of high background level. Methods for increasing the fuel 

failure sensitivity of this scheme will be investigated.
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Installation of the systems at Saxton was completed in August, 1968, 

and are currently being tested. A detailed evaluation of the performance 

of the systems will be completed by late 1969.  

Relative evaluation of the schemes at Saxton under actual operating 

conditions of a PWR should yield information on the sensitivity, 

speed of response and reliability of various schemes.
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7. FLECHT (Full Length Emergency Cooling Heat Transfer Test) Program 

The purpose of this program is to investigate experimentally the 

thermal behavior of a simulated pressurized water reactor core during 

the core recovery period which follows a loss-of-coolant accident.  

Considerable effort has been expended in experimental verification 

of spray cooling and core flooding as satisfactory methods for emergency 

core cooling. The present design assumptions are conservative.  

The main purpose of this test program is to continue the general 

evaluation and to provide data at higher temperatures and degraded 

conditions.  

The'subsidiary items of investigation will enhance the understanding 

of phenomena which have required a theoretical approach in formulating 

design criteria to date. These include, but are not limited to, 

the behavior of fuel rods in the approach to melting or metal-water 

reaction temperatures; the flooding level required to terminate 

fuel rod temperature excursion; the effects of thermal shock on 

fuel rod integrity; and the sensitivity of core coolingto variations 

in pressure, temperature, quality and quantity of flow. The specific 

information to be obtained is: 

1. Time-temperature behavior of the cladding.  

2. Conditions which result in clad melting, including the effects 

of coolant injection delay times.  

3. Effectiveness of core coolant systems to prevent core damage.  

4. Effect of pressure on emergency core cooling capability.
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The program will assess the effects of all pertinent independent 

variables on fuel element cladding temperature during the core 

recovery phase of loss-of-coolant accidents, over a range which 

will include conditions postulated for all current plants. The 

range of variable test parameters to be studied is shown in 

Table 7-1, page 13-66. In addition, the minimum flooding levels to 

maintain steady state conditions for a range of power densities 

specified in Table 7-1, page 13-66 will be determined.  

The effects of fuel distortion will be studied by introducing 

additional flow resistance simulated with metal or ceramic inserts 

with the geometry of a clad burst rupture. The effect of 

spacer grids with mixing vanes will also be tested on a test 

assembly.  

This work will be done by Westinghouse at its Atomic Power Laboratories 

in Forest Hills, Pa. under Subcontract No. C-619 from the Phillips 

Petroleum Company which in turn is under contract to the Atomic Energy 

Commission, AT (10-1) - 205. Work was initiated on these tests in 

April, 1968.  

Program Schedule 

The test program will consider the following groups of tests: 

Group I -Low Pressure (15-90 psia), low initial rod temperatures 

(1000-1800'F), stainless steel heater elements. The 

expected completion date is April, 1969.  

Group II -Low Pressure (60 psia), high initial rod temperatures 

(1800-2200-F), stainless steel heater elements. The 

expected completion date is August, 1969).  

Group III -Low Pressure (60 psia), high initial rod temperatures 

(1200-2400°F), Zircaloy-4 heater elements. The 

expected completion-date is November, 1969.  

Work was initiated on these tests in April, 1968.  
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This program is expected to supply experimental data on the core 

behavior during the reflooding phase of a loss-of-coolant accident.  

It will assist in developing new analytical models to describe the 

core recovery phenomena. This information will be used to evaluate 

the margins and optimize the systems used for emergency core cooling.
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TABLE 7-1 

VARIABLE TEST PARAMETERS

Test Parameter 

Power Density (kw/l. of rod) 

Maximum Initial Fuel Pin Temperature (OF) 

Flooding Rates (inches/sec) 

Coolant Temperature (OF) 

Pressure (psia) 

Cladding Material 

Bundle Size

Values 

25, 35, 45, 51 

1000, 1200, 1400, 1600, 1800, 

2000, 2200, 2400 

18, 12, 6, 4, 2, 1 

100, 150, 200, 270 

15-90 

Stainless Steel, Zircaloy-4 

7 x 7 and 10 x 10 arrays
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8. Flashing Heat Transfer Program 

This program is to obtain experimental data to evaluate the heat 

transfer behavior in the core during various phases of the loss

of-coolant accident.  

The present analytical techniques used to evaluate the effectiveness 

of the Emergency Core Cooling System use conservative heat transfer 

coefficients based on current data. The ultimate objective of the 

program will be a reduction in the peak clad temperatures now predicted 

for loss--of-coolant accidents.  

The events following a loss-of-coolant accident can be divided into 

the following categories: 

1. Depressurization of the Reactor Coolant System.  

Present analytical techniques assume stable film boiling exists 

on the fuel rod after DNB. Although it is well known that 

transition boiling occurs and that this is expected to produce 

significantly higher heat transfer coefficients, no credit 

is taken for transition boiling.  

2. The period when the core is uncovered.  

Cooling of the core is due to laminar or forced convection 

of steam flow and to radiation between fuel rod and the 

steam. Presently, a limited amount of data is available for 

steam at elevated pressures (greater than one atmosphere), 

such as those which exist at the end of blowdown, to determine 

the emissivity of steam and the radiative heat transfer 

mechanism. The data for other gases at~these pressures indicates 

significant improvement in radiation heat transfer. Full 

benefit of this pressure effect is not considered in the 

present analysis.
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3. Core reflooding phase.  

The rising clad temperature transient is turned around 

after the lower portion of the core has been reflooded.  

The heat transfer during this period is associated with the 

two-phase flow which is present due to entrainment. The 

present analytical model used to describe the phenomena 

occuring during core reflooding has been compared with 

existing experimental data and indicates entrainment occurs 

earlier than predicted.  

This program is divided in three parts: 

1. Blowdown Heat Transfer Test - Depressurization phase of the 

Reactor Coolant System during a loss-of-coolant accident.  

The objective of the blowdown heat transfer test is to 

determine transient heat transfer coefficients under blowdown 

conditions.  

The test section for the blowdown heat transfer test consists 

of a 1/2 inch I.D. pipe whose active length is three feet. Heat 

input is provided by electrical resistance heating of the test 

section wall. The wall is surrounded by insulation. Heat is 

transferred to the water which flows through the inside of 

the test section.  

The blowdown test section is operated in a heat transfer loop 

consisting of a pump, heat exchanger, power supply, associated 

piping and auxiliary equipment.
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The range of variables is representative of that in a PWR 

in the blowdown phase and is as follows: 

Initial pressure 2250 

Mass velocity 1.5 x 2.5 x 106 ibm/hr-ft 2 

Inlet temperature 520 to 560°F 

Blowdown rate 50 to 10,000 psi/sec 

Flow decay rate 17 to 170 %/sec 

Initial steady state operation is established in a closed 

loop operation. Blowdown operation is accomplished by discharging 

the loop to the atmosphere through a solenoid valve. Pressure, 

flow, power and test section outer wall temperature are 
continuously recorded during transient operation. The inner 

wall surface temperature, heat flux and heat transfer coefficient 

are determined by a thermal transient analysis. The work is 

being done at Westinghouse Atomic Division Test Engineering 

Laboratories, Forest Hills, Pennsylvania.  

2. Low Pressure Heat Transfer Test - Period when core is uncovered.  

The objective of this program is to measure local heat transfer 

coefficients for the total simultaneous convective and radiant 

heat transfer from uniformly and non-uniformly heated tube 

surfaces at elevated temperatures to low pressure saturated 

and superheated steam in fully developed laminar and turbulent 

forced convection.  

The desired operating conditions as specified, are characterized 

by high surface temperature, large film temperature differences 

and relatively low pressures and flow rates. Existing experimental 

data do not cover completely such conditions. The effects 

of radiant heat transfer precludes at present accurate predictions 

of local heat transfer coefficients by extrapolation of existing 

data. These tests will indicate the benefits which may be 

obtained during this phase of the accident.
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The heat transfer test facility consists of an open heat 

transfer loop. Steam is delivered to the test section and 

discharged to atmosphere through the necessary piping and 

control apparatus.  

The test sections consist of 1/2 inch I.D. pipes, with an 

active length of 3 feet. The walls of the test section are 

heated by electrical resistance heating. Test sections having 

both uniform and non-uniform axial heat generation are being 

employed.  

The range of variables is representative of that in a PWR 

when the core is uncovered and is as follows: 

Mass Velocity G - 4 x 103 - 4 x 104 lbs/hr-ft 2 

Temperature T. = 300 - 11000 F in 

Pressure P. = 25 - 75 psia 
in 

in addition, an experimantal program is being performed to 

measure the radiation properties of superheated steam. The 

emmissitivity of water vapor will be measured over a temperature 

and pressure range of 300-1500'F and 15-75 psia, respectively.  

The steam emmissity test facility consists of a cylindrical 

stainless steel test cell, equipped with ports which 

have windows transparent to thermal radiation, heaters, and 

instrumentation for pressure and temperature.  

This work is being done at the University of Michigan, Department 

of Mechanical Engineering.  

3. Cold Water Injection Test - Core reflooding phase.  

The objective of the cold water injection test is to investigate 

conditions corresponding to the core recovery phase of a loss-of

coolant accident.
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The test section used for the cold water injection test is 

the same test section used for the blowdown heat transfer 

test.  

The cold water injection test section is operated in a 

heat transfer loop consisting of a pump, heat exchanger, 

power supply, associated piping and auxiliary equipment.  

The range of variables is representative of that in a PWR 

during the core reflooding phase and is as follows: 

Pressure atmospheric 

Initial wall temperatures 1000-1500°F 

Cold flooding rates 6-18 in/sec 

Injection water temperature 80°F 

The test section is heated adiabatically under zero flow 

conditions. At prescribed values of wall temperature the 

test section is flooded from the bottom with cold water.  

Pressure, flow, power and test section outer wall tempera

ture are continuously recorded during transient operation.  

The inner wall surface temperature, heat flux and heat 

transfer coefficient are determined by a thermal transient 

analysis from the experimental data. The work is being done 

at Westinghouse Atomic Division Test Engineering Laboratories, 

Forest Hills, Pa.  

The program was initiated in early 1967.
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Testing has been completed for the blowdown heat transfer test.  

This test resulted in a transition boiling heat transfer correlation 

which may be used for loss of coolant accident evaluations.  

The cold water injection tests have also been completed. The same 

three foot test section used in the blowdown heat transfer tests 

was also used for the cold water bottom flooding tests. Test conditions 

of 10 inch/sec. flooding rate and an initial wall temperature of 

1200'F showed that at a heating rate 1kw/ft, the temperature 

decay was quite rapid and film boiling was initiated almost immediately.  

Further experimental investigation of bottom flooding heat transfer 

as a function of power density, initial wall temperature, flooding 

rate and inlet coolant temperature will be conducted under the 

FLECHT Program and will further define the parameter interactions 

in rod bundle geometries.  

Testing is still in progress in the low pressure heat transfer 

test with some data already being taken. Fabrication of the steam 

emissivity test facility is nearing completion. Final results 

from this program are expected in the first half of 1969.  

The experimental data obtained from this program will be used to 

develop new analytical models or make refinements to present models 

in order to more realistically evaluate the core behavior during 

the loss-of-coolant accident. It is expected that neak cladding 

temperatures, when analyzed using the data from this program, will 

be reduced over 200°F from those predicted with present techniques.  

Present core conditions have been evaluated using conservative 

assumptions and are within the specified design criteria associated 

with the loss-of-coolant accident. The program is expected to 

aid in showing that added margins tO present design criteria do 

exist.
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9. Loss-of-Coolant Analysis Program

This program will integrate the more realistic heat transfer models 

obtained from experimental and analytical development programs into 

the design codes used to evaluate the loss-of-coolant accident.  

Design and safety assessment of the PWR Emergency Core Cooling System 

requires an understanding of the complex heat transfer mechanisms 

characteristic of the loss-of-coolant accident sufficient to predict 

the influence of system performance of objectives and to show the 

margins of safety afforded by the final design.  

Westinghouse accomplished this by using simplifying conservative 

assumptions where rigorous analysis was not practicable and test 

data were lacking. The designer has employed pessimistic reasoning 

in an effort to account adequately for uncertainties.  

A more precise and realistic basis for sizing the Emergency Core 

Cooling System permits the designer to optimize the systems and 

equipment design with a clearly defined performance margin.  

The design code will incorporate heat transfer models developed 

from the Flashing Heat Transfer Program.  

Already completed is the incorporation into the design codes of 

a transition boiling heat transfer correlation. Modification 

to the design codes will be made as more results of the Flashing 

Heat Transfer Program are obtained. The latest modifications 

to the heat transfer models in the design codes will be used 

in the analyses presented in the Final Safety Analysis Report.  

This work is being performed by Westinghouse Atomic Power Divisions 

in Pittsburgh, Pa.
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The incorporation into the design codes of these new heat 

transfer modesl will provide the designer with a more realistic 

design tool to optimize the Emergency Core Cooling System and 

clearly define the performance margin. This program, upon 

completion, will provide a quantative evaluation of the 

conservative assumptions presently used to predict the core 

thermal transients.  
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10. Blowdown Forces Program 

The objective of this program is to develop digital computer 

programs for the calculation of pressure, velocity, and force 

transients in the Reactor Coolant System during a loss-of-coolant 

accident, and to utilize these codes in the calculation of 

blowdown forces on the fuel assemblies and reactor internals 

to assure that the stress and deflection criteria used in the 

design of these components are met.  

In general, existing codes such as SATAN were used to simulate 

the entire blowdown phase of a loss-of-coolant accident. It 

was found that the most severe loadings are generated during 

the sub-cooled portion of blowdown which occurs only for a 

short time at the beginning of blowdown. Westinghouse has 

developed a special purpose program to deal specifically with 

the pressure, velocity and force transients during this period.  

BLODWN-l is a digital computer program for calculation of 

pressure, velocity, and force transients in reactor primary 

coolant systems during the subcooled portion of blowdown caused 

by a loss-of-coolant accident.  

The basic analytical model used in BLODWN-l is the same as that 

which is in the WHAM computer program developed by Kaiser Engineers 

for the LOFT program and has been compared with the LOFT data 

with good results.  

Extension of the digital computer program to consider two-phase 

flow has also been completed. This program is known as BLODWN-II.  

Analyses using BLODWN-II to evaluate the effects of blowdown 

forces are now in progress and will be presented in the Final 

Safety Analysis Report.
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11. Reactor Vessel Thermal Shock Analysis Program

This program considers the effect of the safety injection 

water on the reactor vessel following a postulated loss-of

coolant accident. The addition of the accumulator system for 

rapid core flooding following a large loss-of-coolant 

accident focused more attention on the possible adverse 

effects of thermally shocking the reactor vessel, 

particularly the irradiated region. As such, it is of concern 

in the highly unlikely event of a large reactor coolant break 

where the accumulators rapidly discharge into a hot reactor 

vessel. It must be shown that the injection of this cooling 

water does not adversely affect the core cooling function. That 

is, it does not breech the integrity of the reactor vessel 

such that it is no longer capable of holding water and 

maintaining the core covered.  

Analyses were performed considering three possible failure 

modes: the ductile yielding mode, the fatigue yielding 

mode and the bittle fracture mode.  

The ductile and fatigue modes involve conventional engineering 

analytical techniques indicating that vessel integrity is 

maintained. 'The analysis of the brittle fracture mode, 

however, involves sophisticated engineering analytical techniques 

applying fracture mechanics. The brittle fracture mode 

represent ed the most severe of the three modes considered.  

A rigorous analysis of the problem was performed using elastic 

fracture mechanics, and assuming an initial circumferential 

crack condition. This analysis was performed by the Westinghouse 

Atomic Power Division and utilizes an axisymmetrical finite 

element digital computer program developed by the Westinghouse 

Research Laboratory. This program considers the effects of 

changes in the stress field or stress intensities for various 

crack depths in the vessel wall.
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The results of this computer program and the recently obtained 

fracture toughness data were used in the analysis. The 

fracture toughness data included unirradiated material obtained 

on specimens up to twelve inches in thickness. This data 

corresponds to startup or beginning of life of the plant and 

come from Westinghouse's Heavy Section Steel Technology 

Program. Additional fracture mechanics data was obtained on 

specimens which were subjected to irradiation damage corresponding 

to approximately thirty years of operation. The results of the 

analysis utilizing this data show that under the postulated 

accident conditions and considering end-of-life properties 

the integrity of the reactor vessel would be maintained.  

The results are sensitive to both the fracture mechanics 

Properties of irradiated heavy section steel, and heat 

transfer coefficients and cooling water temperature. Also, 

for various crack propagation distance calculated, the linear 

elastic analysis is considered conservative since plastic 

effects must be considered. Another similarly conservative 

analysis for a shorter irradiation period, where the elastic 

model is considered applicable, indicate that the vessel 

integrity will be maintained.  

Since the results are dependent on the fracture toughness 

of the irradiated steel, efforts are being made to obtain 

additional data. Westinghouse's participation in the Euratom 

funded fracture mechanics program will result in additional 

fracture toughness data of irradiated steel early this year.  

Westinghouse's participation in the Heavy Section Steel 

Technology Program at the Oak Ridge National Laboratory will 

also result in fracture toughness data on heavier sections of 

irradiated steel (2-inch thick). This data will be available 

in 1970.
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The Heavy'Section Steel Technology Program at Oak Ridge 

National Laboratory, due for completion by 1973, will also 

give information on material properties.  

Further investigation is also being performed to determine 

the sensitivity of various heat transfer coefficients, 

water temperatures and plastic zone effects on the results 

of the analysis.  

Preliminary discussions have been held with representatives 

of the AEC and AGRS. The detailed analysis considering the 

linear elastic fracture mechanism method along with the 

various sensitivity studies show that under the postulated 

accident conditions the integrity of the reactor vessel will 

be maintained throughout the life of the plant.  

Any further analytical results and material properties obtained 

from the reactor vessel thermal shock analysis program will 

be used to evaluate the effects of the safety injection water, 

following postulated loss-of-coolant accidents, on the 

integrity of the reactor vessel.
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14. Hydrogen Recombiner Research & Development 

Dr. Pigford's question beginning line 5, page 96 and ending line 11, page 96.  

For the response to this question refer to "Supplemental Information on Research 

and Development," page 13-41.
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15. Radioactive Effluents - Measurement of Concentrations 

Dr. Pigford's question, page 104, lines 15 thru 21.  

Measurements of the amounts of low level. wastes will be made in the plant before 

release. The concentration in the discharge canal, which is the location re

ferred to in the Application, will be determined by taking into account the dilu

tion produced by the flow of water through the discharge canal. When the dis

charge enters the river more dilution takes place, but no credit is taken for 

this with respect to computation of the fraction of maximum permissible concen

tration. Radioactive fluids will be continuously monitored during discharge.
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16. Limiting Nuclides in Effluents 

Dr. Pigford's question on page 105, lines 1 through 9.  

During normal operation the Xenon isotopes are the limiting nuclides discharged 

through the plant vent. Prior to release from holdup tanks and after a suitable 

decay period, samples are taken of the gaseous contents. The required dilution 

to meet limits specified in 10 CFR 20 is calculated and the gases are discharged 

at a controlled rate to provide that dilution. As the gases are vented they 

are monitored by a radiation detector which will shut a valve, thereby stopping 

discharge, if an unexpected increase in radioactivity is detected.  

Tritium is the major constituent in liquid effluents insofar as total activity 

released, but is a small fraction of effluents in terms of maximum permissible 

concentrations specified by 10 CFR 20. Iodine is of more significance insofar 

as maximum permissible concentration is concerned. Isotopes with long half

lives and low maximum permissible concentrations which are activated corrosion 

products are also of some significance. Liquid effluents will be stored in 

tanks to permit radioactive decay of shorter lived isotopes after processing 

in the liquid radwaste system. Before release to the river the tank contents 

will be sampled to determine that the concentration in the discharge canal, 

taking into account the dilution provided by the condenser discharge, is far 

below maximum permissible concentrations specified in 10 CFR 20. As the 

effluent is discharged it will be continuously monitored, and if any unexpected 

increase in radioactivity is detected a discharge valve will automatically 

close.
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17. Float Tests of Dispersion in the Hudson River

Chairman Jensch's question beginning on line 3, page 107 and ending on line 2, 

page 108.  

Applicant's consultant on hydrology has not used floats to measure dilution 

and dispersion characteristics of the Hudson River. Hudson River dispersion is 

primarily a function of density currents induced by the presence of ocean salt.  

Analysis of salinity profiles provides the best means of measurement of Hudson 

River dispersion; these analyses have been made. In addition, temperature 

distributions in the vicinity of the plant, distribution of other pollutants 

throughout the river, and tidal stage and current data have been utilized to 

assess Hudson River dilution and dispersion.  

Float studies at different depths have been.-made in the Hudson River in the 

vicinity of Indian Point by the Alden Research Laboratory. These measurements 

were made to obtain the river current profiles, for purposes of building an 

accurate hydraulic model.
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