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Question No. 2 (J) (TR. 749) ASLB 5/13 

"I think as I understand from the several times 

that this subject has been under consideration in some proceed

ings that it is with some difficulty that the assumption can 

be entertained that there will be uniform and perfect mixing.  

and furthereore there may be a problem of extrapolating from 

a small experiment to a larger experiment, although as 
I 

understand it in a recent instance of a small experiment it 

has been asserted with some certainty that you cannot extrap

olate from a small experiment to a larger area. if it doesn't 

have to do with containment spray, but it may nave to do with 

another safety mechanism. So I have that problem that if it's 

difficult in one instance to extrapolate for a certain sort of 

mixing to a largeir size, I wonder how we can assume that we can 

extrapolate from these experiments to the containment atmospnere,, 

which I think is a separate consideration." 

Answer: 

A. SPRAY MODEL 

A detailed mathematical model has been developed 

for the analysis of the elemental iodine removal capability 
of 

the containment spray system. The modeling of the iodine 

absorption characteristics of the spray is accomplished in 
two 

parts: 

a) Description of the spray drop size and 

thenumber of drops of each size occurring 

in the spray.  

b) Solution of the time dependent diffusion 

equation for each drop size encountered in 

the spray.  

This detailed approach in the derivation of the 

,eodel permits the use of well established mathematical relatio:'-Sfips 

describing such fundamental phenomena as molecular diffusion, 

whic- lorms the basis of this model. Thus, the aerivation of 

this model is compLately independent of any experimen-Cal evalu-



Question No. 2 (J) (TR. 749) (Cont'd) ASLB 6/i3 

ations of the performance of the. containment spray system.  

Since this model is not based on extrapolation 

of small and intermediate scale experimental results of the 

containment spray effectiveness, no scale factors or extrap

olation corrections are required in the model.  

B. COMPARISON OF CALCULATED AND EXPERIMENTAL RESULTS 

The experimental results of the elemental iodine 

removal by containment sprays obtained at the NSPP and CSE 

facilities afford an opportunity to compare the calculated and 

observed results.  

The experiments were designed to duplicate the 

basic parameters affecting the iodine removal effectiveness of 

the spray.  

The significant parameters are: 

a) Temperature and Pressure 

The temperature and pressure for the experi

ments were typical of those in a post-accident PWR containment, 

such as Indian Point Unit No. 2.  

b) Spray Solution 

The same additive used for the Indian.Point 

Unit No. 2 spray system was used in the experiments (30 weight % 

sodium hydroxide added to dilute boric acid solution).  

c) Spray Nozzles 

The nozzles used for the NSPP experiments 

were of the same design, (and manufactured by the same supplier) 

as the Indian Point Unit No. 2 nozzles. Similar nozzles of the 

hollow core pressure type were used at CSE.
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Question No. 2 (J) (TR. 749) (Cont'd) ASLB 5/13 

d) One of the most important parameters is the 

spray flux ( i. e. spray flow rate per cross-sectional area 

covered by the spray). This parameter varied between 0.125 

and 0.2 gpm/ft 2 for NSPP and 0.025 gpm/ft 2 to 0.3 gpm/ft 2 for 

CSE. This completely brackets the Indian Point Unit No. 2 

design spray flux of 0.175 gpm/ft
2.  

e) Similarly the ratio of spray flow rate to 

containment volume, which is 1.0 x 10- 3 gpm/ft 3 for Indian Point 

Unit No. 2 varied from 0.5 x 10- 3 to 1.0 x 10- 2 gpm/ft 3 for the 

experiments.  

f) The only significant parameter for which'a 

considerable difference exists between the Indian Point Unit 

No. 2 application and the experiments is the drop fall height.  

This parameter varied from less than 10 ft for the NSPP set-up 

Lo a maximum of 50.5 ft for the CSE containment, while 118.5 

ft was used for the Indian Point Unit No. 2 design calculations.  

However, the modeling of the containment spray is such as to 

allow a comparison of experimental and calculated results for 

various heights, since the model itself is independent of height.  

In the model the calculations are performed 

for incremental height steps. The height dependent parameters 

are then updated at the end of each step. Thus, the results 

calculated for each'small height step are used as input for the 

next height step. By this method the spray performance may be 

calculated Tor any drop fall height.
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Question No. 2 (J) (TR. 749) (Cont'd) ASLB 5/13 

This comparison of calculated and measured results 

for the iodine removal effectiveness of the spray shows that the 

model gives conservative predictions of observed effectiveness 

for all cases.* 

* See WCAP-7499L



. , Question No. 3 (J) (TR. 750)

"As I recall some of the previous discussions 
about containment spray, the staff made a statement I think 
Indian Point. 3 as to this effect, that the research and:devel
opment program relating to the drop size spectrum, the drop.  
coalescence and the possible effect of the liquid phase mass 
transfer resistance is not in itself sufficient to resolve the 
present uncertainties, and I wondered just what has been done 
to remove those uncertainties.  

This may be directed to the staff in inquiry 
for presentation in that regard when their presentation of 
evidence is made, but the Applicant, likewise, may desire to 
address himself tQ those factors." 

Answer: 

The analysis of Indian Point Unit No. 3 spray 

effectiveness which was performed prior to the Unit No. 3 

construction permit hearing utilized a relatively simple 

single.drop model. Such factors as drop size spectrum, drop 

coalescence, and liquid phase mass transfer resistance were 

only included by approximation, hence the uncertainty of the 

board regarding possible effects on the, conservatism in the 

analysis. A similar conservative analysis using the single 

drop model was also provided in the Indian Point Unit No. 2 

FSAR. A more rigorous treatment of spray effectiveness taking 

into account these factors was developed and applied to Indian 

Point Unit No. 2 subsequent to the Unit No. 3 hearing and is 

described in detail in Question 6.2 of Supplement 2 to the 

Indian Point Unit No. 2 FSAR and in topical report WCAP-7499L.  

The results of this more detailed study show that the net effect 

of these factors is small compared to the large safety margin 

that exists between the effectiveness of the spray as 

designed and that which is required, in the improved

ASLH 5/!-1



Question No. 3 (J) (TRo 750) ASLB 5/13 

analysis of spray effectiveness the drop size spectrum was 

considered in its entirety instead of a single surface average 

drop. The resultant effect on spray effectiveness was to 

improve the performance which is due to the higher surface 

area per. unit of spray volume of the drop groups having sizes 

less than the mean diameter used in the single drop model.  

The improved model also considers condensation 

of steam from the high temperature containment atmosphere where 

no discernable effect was foUnd due to the increased drop size.  

Drop coalescence, actual drop trajectory, and 

liquid film resistance have been examined in detail with the 

result that iodine removal efficiency is reduced somewhat.  

However, those factors, as shown by analyses using the detailed 

mathematical model have only a minor effect on iodine removal 

compensated for by conservatism in the overall analysis.



Question No. 4 (J) (TR. 750)

"And then as I recall, and I notice Mr. McAdoo 
is here, I think these questions came up in connection with 
some testimony that he gave on Indian Point Unit No. 2 or 3, 
something about a design margin, and as I recall the situation, 
he felt that there Should be a certain design margin in these 
considerations of safety, but at that particular time he was 
not able to indicate what the design margin should be, and 
perhaps when the evidence comes on he would indicate if he has 
selected it and how he forms that design margin and how effective 
is it and on what experimentation report that design margin was 
made." 

Answer: 

The Spray System is sized for heat removal and 

provides an iodine removal rate constant, Xs, of 48 per hour, 

per WCAP-7499 L. The conservative single drop analysis in the 

FSAR gives 32 per hour. This amounts to a factor of about 1 

and accounts for the net effect of simplifying assumptions 

listed in Question No. 3 (J) (TR. 750) ASLB 5/13, which 

were evaluated in detail since the issuance of the Indian Point 

Unit No. 3 construction permit.  

As has been discussed in Chapter 14 of the 

,-Indian Point Unit No. 2 FSAR to meet the guidelines of 10CFRI00 

of 300 rem, a removal effectiveness rate of only eight per hour 

is required, thus, providing additional margin. Thus, heat 

removal is the limiting consideration in the design of the 
s 

spray system.

ASLB 5/13



question No. 5 (J) (TR. 752) ASLB 5/13 

"I wonder, and this will involve the staff as 

well, as to how the compliance inspector will determine if the 

spray system meets the performance specifications, and of course 

that raises the assumption or raises the question what are the 

performance specifications for the containment spray and how can 

it be determined to be performable. I just happened to be going 

over some phases of the construction permit decision in Indian 

Point Unit No. 3 that I think has some relevance to Indian Point 

Unit No. 2, since the same types of containment spray systems 

are used. Is that correct? 

Answer: 

The results of the following tests and inspections 

are available for the compliance inspector to determine if the 

spray system meets the performance specifications: 

1. Pre-operational and in-service testing 

of spray system'to prove system meets design specifications 

(See Indian Point Unit No. 2"FSAR, Question 6.5).  

2. "Testing of safety instrumentation (See 

Technical Spbcification 3.5).  

3. Operational safety review (See Technical 

Specification 4.1). 0 

4. Testing of containment spray system (See 

Technical Specification 4.5).

IT 1,



Question No. 6 (J) (TR. 752) ASLB 5/13 

"in connection with that I think we got into some 
considerations of plateout factors and all those matters and if 
they could be discussed, composition on the containment wall, 
and what is the temperature of the containment wall, and I 
think there was some question about whether there will be 
TID 14844 assumption plateout factor or whether the containment 
wall isgoing to be higher so that that portion is no longer 
realistic. I am sure Mr. McAdoo will be called for these 
inquiries and my questions and will deal fully with these 
various aspects which were considered in Indian Point 3 on 
the containment spray,," 

Answer: 

The plateout assumption used in the Indian Point 

Unit No. 2 FSAR is the same one implicit in the AEC Safety 

Guide No. 4 for Water-Cooled Nuclear Power Plants (November 2, 1970).  

Release of radioactive iodine from the fuel and containment can 

be conservatively assessed, according to the Guide, based on 25% 

of the equilibrium inventory from full'power operation becoming 

immediately available for leakage from the primary reactor 

containment. The same Guide provides that reduction in the amount 

of radioactive material available for leakage to the environment 

by containment sprays, etc., may be taken into account, the 

degree of reduction to be evaluated on an individual case basis.  

This approach was utilized in the Indian Point Unit No. 2 FSAR.  

In the Indian Point Unit No. 3 ASLB Hearing, 

discussion of the matter of plateout centered around the conser

vatism of assuming that plateout of one-half of the iodine released 

from the fuel would occur, as the Regulatory Staff assumed, 

independently of removal by the spray. At that time the AppLicant 

showed that, with spray removal as efficient as the ADDlican-C



Ouestion No. 6 (J) (TR. 752)

concluded it to be (based on theory and test data then presented), 

it was possible to neglect plateout altogether and still demon

strate doses less than 10CFR100 guidelines. The hearing board 

pointed out, however, that with the Staff's "suitably conser

vative" estimates of spray removal rates, some expectation 

of plateout was necessary to meet these guidelines. The board 

noted that acceptance of the design required "technical justifi

cation that sufficient plateout occurs simultaneous with spray 

and filter operation, (or) until some other means are taken to 

reduce the uncertainties in the spray absorption capability..." 

(Page 73).  

The FSAR and other reference material derived from 

the spray R&D program have demonstrated that the uncertainties 

in spray capability are well within the margins provided. Hence, 

it would seem appropriate that the Staff's "suitably conservative" 

value of spray removal coefficient Xs of 4.5 per hour might be 

increased toward the value presented by the Applicant, 32 per 

hour. However, this is not essential to the case for resolving', 

the indian Point Unit No. 3 hearing board's concern, since even 

using the Staff assumption, analyses show that the system is 

adequate.  

As noted further in the'Indian Point Unit No. 3 

board's findings (Page 70 et seq.) the Staff model did not account 

fop the possibility that the dominance of the containment spray 

as a heat absorbing medium would prevent condensation on surfaces 

from acting as a plateout sink of the required effectiveness.

-2-
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Question No. 6 (j) (TR. 752) ASLB 5/13 

This reasoning does not consider the fact that the containment 

fan-coolers act to condense steam concurrently with the sprays, 

and their iodine removal effect (analogous to that of the heat 

absorbing surfaces.) is considerable.  

The safety analysis (FSAR Section 14.3.4) shows 

that condensation occurs via the fan-coolers and heat absorbing 

surfaces at an average rate of about 0.072 lb/hr per cu. ft.  

of containment volume over the first two hours. By comparison, 

removal of elemental iodine was demonstrated to occur in the 

CSE test A-11 (without spray) at a rate corresponding to a 

half-life of 16 minutes when the surface condensation rate was 

.0144 lb/hr per cu. ft. (BNWL-1457, Page 5.22, 5.34). Applying 

the CSE observed plateout rate to the Indian Point containment 

volume and correcting for condensation rate,. oneawould calculate 

a plateout removal coefficient of 13 hr-1 . This rate applies 

to a process independent of spray absorption and spray conden

sation. Thus, a combined removal coefficient, using the Staff's 

Indian Point Unit No. 3 spray removal coefficient, of 13 + 4.5 

or 17.5 hr-1 could be justified. The dose reduction factor, 

integrated over two hour, would be 35 for inorganic iodine.  

Using the figures for the Staff's two-hour dose estimates for 

Indian Point Unit No. 3 (Table . of the Indian Point Unit No. 3 

findings, Page 67 and 72) which are conservative for Indian Point 

Unit No 2: 

Inorganic iodine dose without plateout, 

sprays or filters = 2 x 1287 = 2574 rem



Question No. 6(J) (TR. 752)

Reduced by combined spray and revised 

plateout factor =,2574/35 = 73.5 rem 

Organic iodine dose, with filter 

2 x 1287 
396 - = 110 rem 9 

Total dose with filter, spray and revised 

plateout 73.5 + 110 = 183.5 rem 

Thus, justification exists for combining reliance 

on plateout in combination with spray removal to a sufficient 

degree to permit meeting the 10CFR100 dose limits with a conser

vative margin.  

For simplicity, and because the result is also 

conservative, the Applicant has presented its analysis using the 

assumption that 25% of the iodine is initially available for 

leakage as described earlier.

ASLB 5/13



Question No. 7 (J) (TR. 754) ASLB 5/13 

"...and if you could take this document, (WASH) 

1146, which I think would be a good guide, and then fill in just 

what the results are, we will assume that these plans 
are still 

in effect; if they are not fully performed they are still being 

undertaken, but if you could give us documents that would show 

the rsults, or any other presentation of the factual 
data of 

what has been done, I am sure'it would be more 
responsive to 

the question.  

And if the Staff does not have these dates or the 

Staff does not have a witness who is intimately familiar 
with 

these programs and then a reasonable request might be to 
bring 

somebody from the departments that do have to do with 
the 

execution of this water reactor safety program as reflected 
in 

WASH 1146. That might involve the Director of Reactor Devel

opment Technology and if he would be available to present 
the 

matter directly under his supeivision I am surge it would be a 

responsive presentation. He probably can give us a better 

overall picture than several witnesses from each of the several 

experimental programs.  

...When you put everything together in the 

containment will it work, or when you put everything in the 

core vessel, will it work? And I think that rather than saying 

that the plastic cover for something has proven satisfactory, 

the Division of Reactor Safety, in fact I think it's set forth 

in the Indian Point 3 construction permit decision, reference 

was made to a Division of Reactor Safety announcement by the 

Atomic Energy Commission that the best test is in the assembled 

form, and that's the kind of data response I think would be 

helpful. And if the Commission Staff doesn't have a summary 

report as elaborate as this plan before us, maybe something 

like that could be developed for this proceeding and could 
be 

utilized in many, many cases.  

But, in any event, if we could have a data 
response." 

Answer:

AEC Staff Response.



Question No. 8 (J) (TR. 758) ASLB 5/13 

"The concern that I have also is reflected in 

the appropriations hearings. I believe these were last year 

but in many places the indication was given that certain experi

mental work could not go forward for lack of funds. And I 

wondered how that has affected or will affect the research and 

development work that may be pertinent for this proceeding.  

If somelanalysis could be made of that it would be appreciated." 

Answer: 

AEC Staff Response.



Question No. 9 (B) (TR. 758) ASLB b/I3 

"I have not had time to go through the Applicant's 
responses to the last questions by the Board except to look 
briefly at some statements that are made. As you know, I've 
asked several questions about the inspection program. Not yet 
have I seen the statement concerning the program that the 
Applicant is undertaking to assure that the inspection can be 
made. I have not had any indication of how much money, for 
instance, is involved or what the program is that the Applicant 
has undertaken. However, it says here: We are confident that 
the needed inspection equipment will be developed within the 
next ten years.  

It is indicated that there are four firms actively 
developing this type of equipment. I wonder whether some of the 
uncertainty might be removed if the technical specifications were 
altered to say that these inspections will take place if the 
equipment is developed. In the testimony that we get from the 
Applicant it says: We are confident that the inspections will 
take place and that we have committed ourselves to making the 
inspections. Maybe a large part of the problem could just be 
solved by modifying the Tech-Specs to take out any statements 
that this will be done if the equipment is developed. Possibly 
the staff and the Applicant could consider this and might have 
some change to suggest or some additional information to provide 
at the next session of the hearings that we have." 

Answer: 

As stated previously, there are several firms 

actively pursuing the development of volumetric in-service 

inspection techniques of reactor vessels. inspections have 

been performed and are being evaluated, using ultrasonic 

techniques on reactor vessels at two plants, partial in-service 

Z at San Onofre (U. S.) and pre-service at Oskarshamnsverket (Sweden> 

Baseline UT data has already been collected on the Indian ?oinz 

Unit No. 2 reactor vessel, from the inside through the cladding, 

so that a :imeaningful examination could be performed in-service 

using equipment and techniques similar to those used on the two

vessel examinations mentioned above.



Question NO. 9 (B) (TR. 758)

However, to perform these inspections without 

benefit of remote equipment now under development could result 

in increased occupational exposures and a multi-month extension 

of the plant shutdown.  

Three major in-service inspection programs currently 

under study are especially noteworthy: 

1. The Heavy Section Steel Technology Program, 

a USAEC sponsored effort for investigating the effects of flaws, 

variations of properties, stress raisers and residual stress on 

the strength and structural reliability of present and contem

plated water-cooled pressure vessels.  

2. The Industry Cooperative Program on Heavy

Section Steels sponsored by the major industrial companies 

represented on the Pressure Vessel Research Committee of the 

Welding Research Council to answer the question as to what are 

the propertieg and how effective are inspection techniques 

for heavy-section steels? 

3. The Edison Electric Institute and TVA spon

sored program which is being carried out under contract with 

Southwest Research Institute to answer the question as to what 

inspection techniques may be effectively applied to vessel in 

service? The program is identified as Research Project No. 79 

(RP 79).  

Con Edison is an active participant in RP 79, 

both in funding and direction. Work started in 1968 and will 

be essentially completed in 1972. Major portions of this 

program are:

ASLB 5/13
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Poject 1 - Review of recent utility experience 

with power reactor coolant pressure boundary inspection 

regarding service condition, defect detection capability, defect 

size and defect orientation.  

This review, including a survey of automated 

inspection equipment has been completed and reported upon.  

Current work is confined to the NDT examination of fossil fueled 

steam boilers of representative material, size and thickness.  

Project 2 - Development of a Non-Destructive 
Test Method Evaluation Facility 

With the cooperation of the AEC, the Experimental 

Beryllium Oxide Reactor (EBOR), located at the National Reactor 

Test Site, was made available. Necessary modification design 

has been completed and construction is now underway. This test 

facility will permit testing of NDT equipment on natural and 

machined flaws on an actual reactor vessel, under conditions of 

variable pressure and temperature and generated background noise.  

Companies with acoustic emission systems are invited to test 

their hardware, subject to the testing schedule. Both hydrostatic 

test systems and on-line systems will be evaluated.  

Project 3 - Investigation of the Acoustic 
'Spectrometer 

This project has been discontinued.  

Project 4 - Investigation of Acoustic Emissi on 
Techniques for Continuous Monitoring 

UInder this project, an acoustic emission syste 

was deve-o,d, built, and tested by Battelle Northwest Laborazories.

-3-
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A method to extend the temperature range of 

material for-use as an AE was developed.  

Of special interest is the development of wave 

guides to enable the sensor and preamplifier of the AE system 

to be lobated remotely from the operating nuclear reactor 

environment. This is a significant accomplishment in the 

development of the on-line-system.  

A number of field tests have been conducted to 

study the acoustic emission behavior of heavy-section steel 

components under control-led flaw growth.  

Project 5 - Improvement in Reliability and 
Reproducrbility of Conventional Ultrasonic 
Systems for Reactor inspection 

Results of this project indicate that inspection 

must be concerned with change of flaw with periodic inspections.  

The effect of reactor environment on ultrasonic 

signal characteristics of reactor steel test samples is under 

study. A BWR Crud Effect Study has been completed.  

Present studies indicate that ultrasonic testing 

can be successfully done through cladding. Studies are still 

underway and the final report is due shortly.  

Project 6 - Investigation of Acoustic Holography 
for Visualization of.Flaws in Thick-Walled 
Pressure Vessels 

. BNWL is conducting the program under Jersey 

Nuclear direction.' The initial laboratory phase of this project 

has been completed and the current work is directed Lo the 

testing of samples of representative thickness-containing



.Qiestion No. 9 (B) (TR. 758)

natural flaws.  

Present thinking is that acoustic holography would 

be utilized to detail a fault located by acoustic emission methods.  

Results of the RP 79 program to date are quite 

encouraging. Static testing of heavy-walled pressure vessels 

is a reality. On-line testing appears feasible, pending 

completion of development work now underway.  

Con Edison is proceeding on the basis that the, 

proposed Technical Specifications require a volumetric in-service 

inspection of the reactor vessel within ten years, predicated on 

the development of appropriate equipment.  

Evidence of Con Edison's intent is its $150,000 

support of the $1,557,00 EEI Project RP 79. Although two of 

these inspections have been performed to date, they represent 

part of the industry development program, and should be considered 

as a demonstration of the feasibility of such inspections, not 

as a demonstration of appropriate equipment.  

Con Edison considers-appropriate equipment that 

which will permit the inspections to be performed as much as 

possible in parallel with another planned outage, such as for 

refueling, and with little or no additional occupational exposure 

to personnel.  

Con Edison therefore, feels that it should not 

initiate a change in the Indian Point Unit No. 2 Technical Specifi

cations-since they now allow some flexibility in case of delay in 

the development of appropriate equipment while providing incentive

-5-
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Question No. 10 (B) (TR. 816) ASLB 5/13 

"Once you start loading the fuel it becomes 
inconvenient to unload the fuel again and to take out the innards 
from the reactor. In connection with your motion, I would like 
to see a reply to a question, if you wish, by someone who is 
doing development work on ultrasonic testing of reactor vessels.  
I would like to see information concerning the effect of the 
surface roughness of the reactor vessel on the results that 
one can get from the inspection.  

At one hearing I remember the manufacturer had 
chosen to change from inspecting the vessel from the inside to 
inspecting the vessel from the outside. The impression I have, 
or the understanding I have, was that the inspection could be 
done more satisfactorily because this way it was done when the 

vessel was fabricated. The vessel outside was smoother than 

the vessel inside, and that this would have some effect on the 

results of the inspection.  

I'd like to be assured, before'the reactor vessel 
becomes radioactive, that meaningful inspections by ultrasonic 
methods can be conducted from the inside without having to 
polish the surface, smooth the surface where the inspection is 
going to take place, or that the surface has been smoothed 

where the inspection is going to take place.  

In other words, I wouldn't like someone to come 
back and say, "Well now, we have made the plant radioactive;.  
it's not convenient to get in to smooth the surface. The 
inspection isn't going to be as good as it would have been had 
we done this initially." 

Answer: 

During the shop fabrication of the Indian Point 

Unit No. 2 vessel, the inside weld deposited clad surface area 

local to each shell weld was prepared by hand grinding. The 

area prepared was the cladding over each weld for sufficient 

distance.either side to allow ultrasonic examination of the weld 

heat affected zone. This smoothing of the clad surface is 

specified for all Westinghouse reactor vessels and assures 

satisfactory performance of the ultrasonic inspection program 

in accordance with the Technical Specifications and require-.ents
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of the ASME Code Section XI.  

All the pressure containing welds in the vessel 

shell were ultrasonically examined after shop hydrostatic test 

by both longitudinal and shear wave from the inside surface 

through the cladding. This shop mapping, performed utilizing 

direct contact and immersion (wheel transducer) methods, was 

intended for use as a pre-service base line record. This also 

demonstrated that the cladding has been suitably prepared to 

permit successful in-service ultrasonic examination.
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for its development within the:required period to suppliers of 

equipment and services for this inspection.
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