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AFFIDAVIT OF DR. K.P. SINGH
ON ADMITTED CONTENTIONS 4 & 5

I, Krishna P. Singh, being duly sworn, say as follows:

1. I am presently President of Holtec International, 139A

Gaither Drive, Mount Laurel, NJ, 08054. Holtec International is
engaged in the design and supply of spent fuel storage racks for
the nuclear power plant industry in the U.S. and overseas.

2. The design, analyses and licensing of the St. Lucie 1

spent fuel racks were sub-contracted by the rack. manufacturer,
Joseph Oat Corporation, to Holtec International. I served as

Holtec's project manager in that work effort,, and bore the
ultimate responsibility for all engineering activities on, this
project. Consistent with the industry practice, the technical
specification provided by Florida Power &„Light Company (FP&L) as

a part of the reracking contract entrusted the responsibility for
module layout, rack design, thermal-hydraulic qualification f

criticality analysis, structural analysis, mechanical integrity
analysis and poison surveillance program development to the rack



supplier. All necessary engineering activities to fulfill the
FP&L contract were carried out under my direct supervision.

3. A Summary of my qualifications and experience is
attached hereto as Exhibit A, which is incorporated herein by
reference.

4. I have personal knowledge of the matters stated herein,
and believe them to be true and correct.

5. This affidavit is offered in support of "Licensee's
Motion 'for Summary Disposition of Intervenor's Contentions",
regarding admitted Contentions 4 and 5.

6. Admitted Contention 4 (Originally Amended Petition
Contention 8) states:

That the high-density design of the fuel
storage racks will cause higher heat loads
and increases in water temperature which
could cause a loss-of-cooling accident and/or
challenge the reliability and testability of
the systems designed for decay heat and other
residual heat removal, which could, in turn,
cause a ma jor release of radioactivity into
the environment.

follows:
The bases for Admitted Contention No. 4 were stated as

a ~ The NRC has stated in numerous documents
that the water in spent fuel pools would
normally be kept below 122 degrees F.
The present temperature of the water at
St. Lucie 1 is estimated to be 110 F.
After the reracking, the temperature of
the water would rise to 152 degrees F on
a normal basis, and could reach 182
degrees F with a full,core load added.
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b. There is also the possibility that a
delay in the make-up emergency water
could cause the zirconium cladding on
the fuel rods to heat up to such high
temperatures that any attempt at later
cooling 'by injecting water back into the
pool could hasten the heat up, because
water reacts chemically with heated
zirconium to produce heat and possible
explosions. Thus, the zirconium
cladding could catch on fire especially
in a high-density design and create an
accident not previously evaluated.

7. Admitted Contention No. 5 (Originally Amended Petition
Contention No. 9) states:

That the cooling system will be unable to
accommodate the increased heat load in the
pool resulting from the high density storage
system and a full core discharge in the event
of a single failure of any of the pumps on
the shellside of the cooling system and/or in
the case of a single failure of theelectrical power supply to the pumps on the
pool side of the spent fuel pool cooling
system. This inability will, therefore,
create a greater potential for an accidental
release of radioactivity into the
environment.

No basis was specified to support Admitted Contention No. 5.

8. The purpose of my affidavit is to demonstrate that the
St. Lucie 1 spent fuel pool cooling system is fully adequate to
maintain pool temperatures consistent with criteria and guidance.
As a result, there is no increased risk of a loss-of-cooling
and/or reduction in system reliability or testability. Further,
even assuming a loss-of-cooling, the fuel would be maintained at
safe temperature.



9 ~ Power generation by the nuclear chain reaction within
the fuel in a light water reactor (such as St. Lucie 1) results
in the production of various fission products. These fission
products build up in the individual fuel assemblies, the quantity
being dependent on the duration and intensity of the chain
reaction. After a fuel assembly has reached a certain burn-up in
the reactor, it is removed from the reactor core and placed- in
the spent fuel pool for storage. The accumulated fission products
in the fuel assembly continue to undergo radioactive decay, and
in the process they produce heat. This heat must be continuously
removed to maintain the fuel assembly within a desirable
temperature range.

~

~

~ ~

~

10. It is in the nature of the discharged spent fuel
assemblies that their heat generation rate diminishes very
rapidly after they are taken out of the reactor. Figure 1

attached hereto and incorporated herein by reference, shows the
decrease in heat generation rate after storage of a single fuel
assembly which has been in the St. Lucie 1 reactor for four
years. Considering the heat emission rate of a one hour old (one
hour after reactor shutdown) assembly as the datum of 100, the
histogram in Figure 1 shows the emi'ssion rate at the end of two
weeks, one month, six months, one year, and two years.

ll. The data show that a one hour old assembly produces
more heat than 80 assemblies which are two years old. Therefore,
increasing the storage capacity of the spent fuel pool from 728
to 1706 cells does not imply a corresponding proportional
increase in the total heat generation rate in the pool. In fact,
the increase is quite small. This is because the vast majority of
the heat will be generated from newly discharged fuel assemblies,
not those which have been in storage for some time.
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12. Water is the universally used medium to transport heat
from the fuel assemblies into the heat sink of the power plant.
The cooling of the pool is performed in a manner identical to
the classical batch cooling process employed in the chemical,
pharmaceutical, or food industries. Figure 2 shows the
essentials of a fuel pool cooling system.

13. In simple terms, under operating conditions, the
cooling of the fuel pool is accomplished by drawing heated water
from the pool at a steady rate and circulating it through the
tubeside of a tubular heat exchanger, or cooler, where it
exchanges heat with a cooling medium flowing through the
shellside of the unit.

14. If there were no heat sources in the fuel pool, then
the continual extraction of heat in the fuel pool cooler will
finally drive down its temperature to the inlet temperature of
the cooling medium in the heat exchanger. However, when the fuel
assemblies are discharged in the pool, the heat generation rate
is at a maximum in the beginning. The heat generation rate, in
the beginning, exceeds the heat removal rate. The latter is
directly proportional to the temperature differential between the
pool water and the cooling medium. The initial surplus of heat
generated over the heat removed results in a gradual rise of the
pool water temperature. As the pool temperature rises, so does
the heat removal rate in the heat exchanger. After a relatively
short time, the cross over point is reached when the heat removal
rate equals the heat generation rate. The cross-over point marks
the maximum fuel pool temperature.



15. However, the equilibrium is short lived. As mentioned
earlier, the heat, emission rate from the stored fuel assemblies
attenuates rapidly with time. Thus, after reaching parity, the
heat removal rate begins to exceed the generation rate, resulting
in a gradual decline of the pool water temperature. Figure 3

,shows typical heat generation, heat removal, and pool water
temperature profiles as a function of time.

I

16. The fuel pool cooling system for St. Lucie 1 is
engineered to maintain the sustained level of the pool water
temperature below 150 F. Before presenting the temperature data,
it would be helpful to describe the essentials of the fuel pool
cooling system.

17. There are two pumps aligned'n parallel which are
available to circulate fuel pool water through the fuel pool
cooler. Together they can pump more than 3000 gpm (gallons per
minute) through the cooler. Only one pump is needed to circulate
water when a normal fuel batch is transferred to the pool. In
the abnormal condition, such as the event when the entire reactor
core is offloaded into the pool, both pumps are deployed to
effectuate rapid cooling of the pool water. In both situations
the heat exchanger is operating.

18. The cooling medium is the component cooling water
system. It is a closed loop system containing demineralized
water which is used to transport heat away from a variety of
equipment and appurtenances in the plant. For purposes of the
fuel cooling system design the component cooling water flow rate
is set equal ,to 3560 gpm, and its inlet temperature is
conservatively assumed to be 100 F.



19. It is recognized that the fuel pool cooler is not the
only source of heat removal from the fuel pool. Indeed, the pool
slab and walls conduct away considerable quantities of heat. The

pool water gives up a certain amount of heat due to evaporation
which ends up being rejected to 'the environment via the HVAC

(heating, ventilation and air conditioning) system. However, for
conservatism, the design of the cooling system does not take
these heat leakages into account.

20. In a similar vein, the performance characteristics of
the fuel pool cooler are also conservatively estimated. The heat
transfer surfaces are assumed to have a crud deposit resulting in
an added barrier to the transmission of heat.

21. The film coefficient of heat transfer in a heat
exchanger rises with the rise in the circulating water
temperature. For further conservatism, this improvement in the
heat exchanger effectiveness is also excluded from the cooling
system evaluation.

22. Section 9.1.3 of the Nuclear Regulatory Commission
(NRC) Standard Review Plan (SRP) provides acceptance criteria for
the Staff's evaluation of the spent fuel pool's heat transfer
capability under normal batch and full core offload scenarios.
These criteria have been derived from 10CFR Part 50, Appendix Ag

"General Design Criteria". Section 9.1.3 of the SRP specifies
that the temperature limitations for the spent fuel pool under
normal batch and full core offload scenarios are 140 F and less
than boiling, respectively.



23 A heat transfer analysis of the fuel pool system has
been performed for the normal batch and full core offload
scenarios. This analysis is consistent with NRC Branch Technical
Position ASP 9.2, referenced in Section 9.1.3 of the SRP. It is
further assumed that the pool has accumulated the maximum

inventory of fuel over the years. The computations, performed
under my supervision, showed that the maximum pool water
temperature reaches 133.3 F and 150.8 F for the normal batch and
full core offload cases, respectively. In both cases, the
temperature begins to rapidly descend after reaching the
aforementioned peak values.

24. The results of the above calculations were obtained by
using Holtec International's validated computer codes DECAY and
BULKTEH. Both programs have been utilized for analyzing numerous
fuel pools in other reactor installations.

25. The NRC Staff has performed its own independent heat
transfer calculations. The Staff, on page 8, paragraph 5.1 of
the Safety Evaluation Report "concludes that the licensee has
properly calculated the heat generation rate in accordance with
the guidelines of the SRP."

26. A loss of cooling analysis has been performed. If one
were to postulate a failure of the fuel pool cooling system at
the most critical time, (when the pool water has reached its
maximum temperature), it will take over 13 hours before the pool
will boil under the normal batch discharge condition. Given the
same failure of the cooling system for the full core offload
scenario it will take over 5 hours before bulk of the pool water
will commence. The available time is judged to be quite adequate
to take remedial action.



27- If one were to postulate the unlikely scenario where
boiling of the pool is allowed to occur, a long period of time
will elapse before the fuel bundle will be exposed to air. The

rate of water level drop is under 3 and 6 inches per hour,
respectively, for the normal batch and full core offload cases.
The height of the water column above the racks is over 23 feet,.
Thus, over 92 hours will elapse before any unattended pool
boiling will result in the loss of water around the fuel assembly
in the normal batch discharge case. The equivalent time for the
full core offload condition is 46 hours.

28. Given the time-to-boil values and the time it would
take to uncover the fuel assemblies, there is sufficient, time
available for FP &L personnel to take action to provide makeup
water to the spent fuel pool. Furthermore, given that a

zirconium/water reaction can only occur at temperatures which
cannot be reached while the fuel is partially covered, plant
staff has ample time to prevent such an occurrence.

29. In addition, no fuel damage wi' result from the
boiling of water in the pool itself. Before boiling occurs, heat
is transferred to the pool water by convection. As the water
temperature increases, so does the surface temperature of the
fuel until bubbles of steam begin to form on the surface of the
fuel rods. This is called Nucleate Boiling.

30. With the onset of Nucleate Boiling, heat moves rapidly
into the water. The Nucleate Boiling mode of heat transfer is
very effective for cooling the fuel rods, and their surface
temperature would stabilize at below 300 F, well below the
temperature at which any cladding damage can occur. Further, at
this temperature, the heat transfer mode is well within the
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Nuclear Boiling regime with no possibility of the occurrence of
Departure from Nucleate Boiling (DNB).

31. It is therefore concluded that the fuel pool cooling
system at St. Lucie 1 is designed to provide adequate coo ing and

thermal inertia for safe operation. The pool water temperature
remains below the NRC guidelines, and the system safeguards are
adequate to preclude any incidence of uncontrolled heating of the
spent fuel rods.

FURTHER AFFIANT SAYETH NAUGHT.

STATE OF New Jerse

COUNTY OF Burlin ton
SS ~

>~ P
Krishna P. Singh

Subscribed and sworn to before me this
Jul 1988 ~ MARTHA J. SINGH

NOTARY I'USLIC OF kEW JERSEY
Comm' I}My commission expires:

28 day

/~gr. ( r
NOTARY PUBLIC



100 IOO

')0

80

70

60

50

40 38.22

30

20
I4.61

I0.45

10
2.08 1.13

I llour I l)ay 2 ileeks I I'loa Lh 6 i~lonths I Year 2 Years
I l llle ll I L e l rc!lie l. o I' lllll ll o ldll

I'ZCuleV. I: I'UCL WSSLHOI.Y I 0WLIC II1SIO<:I:nH



I'oo I.

Spent Fuel
Pool Pump

Component cooling
Wnter
.I H

flea t I',xc lie nger

Component Cooling I"uter
OUT

I'I4UI<I "::CIII'.IIA'I'IC Ol' I'OOL COOI. I N(l SYS'I'I;I'I



lien t i,enc mt i on rnLe

Cro~s-over point

llent removnl rate

~lnximnm
Pool Motor
tempernLnrc

Pool
Mnter tcmpcrntnre

Time after fuel transfer to the pool

l:lr.libel'. i: ill'„iT (:l:.ni'.i:il'lOV, Wr) ill'.i~lOVXl, l'X'll:.», hwn POOl. i~hTr;Rll:.;li i:.i,,iiiii;i:. l l;ill'ii.l:.»,i» i i:le(:'i iON i)l'lHi:. (VVPSC:Al. PROrti.i;S)



~ 'EXHIBIT h

KUHBR

CURRENT POSITION:

ZDUCATION

PROFESSIONAL
EXPERIENCE.

1986 — present:

1979 — 1986

1974 - 1979

1971 - 1974

1967 — 1968

REGISTRATION

PROFESSIONAL
MEMBERSHIP:

PATENTS.

President
HOLTEC INTERNATIONAL
Mount Laurel, New Jersey

University of Pennsylvania
Ph.D. in Mechanical Engineering (1972)

University of Pennsylvania
M.S. in Mechanical Engineering (1969)

B.I.T. Sindri
B.ST In Mechanical Engineering (1967)

President, Holtec International
Mount Laurel, New Jersey

Vice President of Engineering
Joseph Oat Corp.
Camden, New Jersey

Chief Engineer
Joseph Oat Corp.
Camden, New Jersey

Principal Engineer
Joseph Oat Corp.
Camden, New Jersey

Assistant Professor of Applied Mechanics
R.I.T. Allahabad

Registered Professional Engineer,
Pennsylvania (1974 - present)

Registered Professional Engineer,
Michigan (1980 - present)

Fellow of the ASME; Member AICE, Member
ANS; Chairman, TEMA Vibration Committee
(1979 - 1986); Chairman, PVP Committee
of the ASME, Nuclear Engineering Division
"Heat Exchanger for Withstanding Cycle
Changes in Temperature" (with M. Holtz
and A. ~ Soler), Patent No. 4,207,944
(1980).



Patents Continued: "Radioactive Fuel Cell Storage Rack"
(with M. Holtz), U.S. Patent No.
4 I 382 g 060 (May g 1983) ~

BOOKS AND ARCHIVAL VOLUMES (authored or edited):
1. Mechanical Design of Heat Exchangers and Pressure Vessel

Components , (with A. I- Soler), Arcturus Publishers, Cherry
Hill, New Jersey, 1100 pages, hardbound (1984)-

2.

3.

Theory and Practice of Heat Exchanger Design , Hemisphere
Publishers (c. 1987).

"Feedwater Heater Workshop Proceedings", with Tim Lihs, EPRI
78-123 (1979) ~

4. "Feedwater Heater Technology State-of-the-Art", EPRI — cs-
4155 (1985).

,
"Planning Study for Analytical Correlations of Fluid Drag of
Fuel Drag of Fuel Assemblies in Fuel Rack Storage Locations"I
EPRI Project RP-2124.

"Thermal/Mechanical Heat Exchanger Design", ASME, PVP — Vol.
118 (1986).

EXPERIENCE IN SPENT FUEL RACK TECHNOLOGY

0

~lant

Developed mechanical design, participated in the seismic
analysis, and led USNRC licensing of high density racks for
the following plants:

Year
~Utilit Licensed

Detroit Edison'o.
Commonwealth Edison Co.
Sacramento MunicipalUtilities District
South Carolina Electric 6

Gas Company
General Public Utilities
Boston Edison Co.
Pacific Gas 6 Electric
Commonwealth Edison Co.
Commonwealth Edison Co.
Florida Power & Light Co.
Northeast Utilities
Georgia Power Co.

Enrico Fermi II
Quad Cities
Ranco Seco

V.C. Summer

Oyster Creek
Pilgrim
Diablo Canyon
Byron Units I 6 II
Braidwood I 6 II
St. Lucie
Millstone I
Vogtle

1980
1982
1983

1984

1984
1985
1986

ongoing
1987

ongoing
ongoing
ongoing

o One U.S. Patent on a honey comb style high density rack.
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o Provided expert witness support to the following Atomic
Safety Licensing Board hearings:

o Dresden Unit II, Commonwealth Edison Co. (1982)

o Diablo Canyon Units 1 0 2, PGaE (1987)

Author of four technical papers in the permanent literature
on the Spent Fuel Pool Technology.

PUBLICATIONS

2.

3.

,

6.

7.

8

9.

10.

"A Method for Solving I11-Posed Integral Equations of the
First, Kind", (with B. Paul), Computer Methods in Applied
Mechanics and Engineering 2 (1973) 339-348.

"Numerical Solutions of Non-Hertzian Elastic Contact
Problems", (with B. Paul), Journal of Applied Mechanics, Vol.
41, No. 2, 484-490, June, 1974.

"On the Inadequacy of Hertzian Solution of Two Dimensional
Line Contact Problems", Journal of the Franklin Institute,
Vol, 298, No. 2, 139-141 (1974) ~

"How to Locate Impingement Plates in Tubular Heat
Exchangers", Hydrocarbon Processing, Vol. 10, 147-149 (1974).

"Stress Concentration in Crowned Rollers", (with B. Paul)I
Journal of Engineering for Industry, Trans. ASME, Vol. 97,
Series B, No. 3, 990-994 (1975) ~

"Application of Spiral Wound Gaskets for Leak Tight Joints"g
Journal of Pressure Vessel Technology, Trans. ASME, Vol. 97,
Series J, No. 1, 91-93 (1975).
"Contact Stresses for Multiply-Connected Regions - The Case
of Pitted Spheres:, with B. Paul and W. S. Woodwardg
Proceedings of the IUTAM Symposium on Contact Stresses,
August 1974, Holland, Delft University Press, 264-281I
(1976).

"Design of Skirt-Mounted Supports:, Hydrocarbon Processingg
Vol. 4, 199-203, April 1976.

"Predicting Flow Induced Vibration in U-Bend Regions of Heat
Exchangers - An Engineering Solution". Journal of the
Franklin Institute, Vol. 302, No. 2, 195»205, August 1976.

"A Method to Design Shell-side Pressure Drop Constrained
Tubular Heat Exchangers", with Mr. Holtz, Journal of
Engineering for Power, Trans. of the ASME, Vol. 99, No. 3
July 1977, pp 441-448.



publications continueC:

11- "An Efficient Design Method for Obround Pressure Vessels and
Their End Closures", International Journal of Pressure Vessel
and Piping, Vol. 5, 1977, pp 309-320.

12

'3.

14.

15 ~

16.

17.

18.

19.

20.

21.

"Analysis of Vertically mounted Through-Tube Heat
Exchangers", Journal of Engineering for Power, Trans. ASME,
Vol. 100, No. 2, April, 1978, pp 380-390.

"Study of Bolted Joint Integrity and Inter-Tube-Pass Leakage
in U-Tube Heat Exchangers: Part Z - Analysis", Journal of
Engineering for Power, Trans. ASME, Vol. 101, No. 1, pp 9-15
(1979).

"Study of bolted Joint Zntegrity and Inter-Tube-Pass Leakage
in U-Tube Heat Exchangers, Part ZZ - Applications", Journal
of Engineering for Power, Trans. ASME, Vol. 101, No. 1, pp
16«22 (1979).
"On Thermal Expansion Induced Stresses in U-Bends of Shell-
and-Tube Heat Exchangers", (with Maurice Holtz); Trans, ASME,
Journal of Engineering for Power, Vol. 101, No. 4, October,
1979, pp. 634-639.

"Heat Transfer Characteristics of a Generalized Divided Plow
Heat Exchanger", Proceedings of the Conference on Industrial
Energy Conservation Technology, Houston, Texas, pp 88-97
(1979).
"An Approximate Analysis of Foundation Stresses in Horizontal
Pressure Vessels", (with Vincent Luk), Paper No. 79-NE-1f
Trans. ASME, Journal of Engineering for Power, Vol. 102, No.
3, pp 555-557, July, 1980.

"Generalization of the Split Flow Heat Exchanger Geometry for
Enhanced Heat Transfer", (with Michael Holtz), AXChe.
Symposium Series 189, Vol; 75, pp 219-226 (1979).

"Analysis of Temperature Induced Stresses in the Body Bolts
of Single Meeting, Paper No. 79 QA/NE-7.

"Optimization of Two-Stage Evaporators for Minimizing Rad-
Raste Entrainment , (with Maurice Holtz), Journal of
Mechanical Design, Trans. of the ASME, Vol. 102< No. 4 i pp
804-806 (1980)

"A Comparison of Thermal Performance of Two and Four Tube
Pass Designs for Split Flow Shells", (with M. J. Holtz)i
Journal of Heat Transfer, Trans. of the ASME, Vol. 103, No.
1, pp 169-172, February, 1981 '
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Publicati ons continued:

22 ~

23.

24.

25.

28.

29.

30.

31.

32 ~

"A Method for Maximizing Support Leg Stress in a Pressure
Vessel Mounted on Four Legs Subject to Moment and Lateral-
Loadings". International Journal of Pressure Vessels and
Piping, Vol. 9, No. 1, pp 11-25 (1981) ~

"Design, Stress Analysis and Operating Experience in
Feedwater Heaters",, (with Tom Libs); Proceedings of the
Conference 'on Industrial Energy Conservation Technologyg
Houston, pp 113-118 (1980).
"On the Necessary Criteria for Stream Symmetric Tubular Heat
Exchanger Geometries", Heat Transfer Engineering, Vol. 3, No
1 (1981).
"Some Fundamental Relationships for Tubular Heat Exchanger
Thermal Performance", Trans. ASME, Journal of Heat Transfer,
Vol. 103, pp 573-578 (1981).
"Transient Swelling of Liquid Level During Pool Boiling in an
Emergency Condenser", (with J. P. Gupta). Letters in Heat.
and Mass Transfer, Vol. 8, No. 1, pp 25-33, Jan/Feb., 1981.

"An Approximate Method for Evaluating the Temperature Fieldin Tubesheet Ligaments Under Steady State Conditions", (with
M. Holtz), Journal of Engineering for Power, Trans. ASME,
Vol. 104, pp 895-900 (1982).

"Feasibility Study of A Multi-Purpose Compute Program to
Optimize Power Cycles for Operative Plants", (with Y.
Menuchin and N. Hirota), Proceedings of the Conference on
Industrial Energy Conservation Technology, Houston, (1981).
"Design Parameters Affe'cting Bolt Load in Ring Type GasketedJoints", (with A. Z. Soler), Trans. ASME, Journal of Pressure
Vessel Technology, Vol 105, pp 11-13 (1983).
"A Design Concept for Minimizing Tubesheet Stress and
Tubejoint Load in Fixed Tubesheet Heat Exchangers", (with A.I. Soler), Trans. ASME (C. 1982).

"Dynamic Coupling in . a Closely Spaced Two-Body System
Vibrating in Liquid Medium: The Case of Fuel Racks", (with
A. I'oler), Proceedings of the Third International
Conference on "Vibration in Nuclear Plant , Keswick,

England'ay,1982, pp. 815-834.

"Effect of Nonuniform Inlet Air Flow on Air Cooled Heat
Exchanger Performance", (with A. I. Soler and Lee Ng) r
Proceedings of the Joint ASME-JAIME Heat Transfer Conferences
1983, pp. 537»542.
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Publications continued:
33. "Seismic Response of Free Standing Fuel Rack Constructions to

3-D Motions", (with A. I. Soler), Nuclear Engineering and
Des'ign, Vol. 80, (1984), pp. 315-329.

34 ~

35

'6.

37.

38 '

39.

40.

41.

42.

43.

45

'6.

47

'A

Method for Computing Maximum Hater Temperature in a Fuel
Pool Containing Spent Nuclear Fuel", Nuclear Technology fAmerican Nuclear Society (c. 1984).
"On Minimization of Radwaste Carry-Over in a N-stage
Evaporator", (with Maurice Holtz and Vicent Luk), Heat
Transfer Engineering, pp. 68-73, Vol. 5, No. 1-1 (1984).

"Feedwater Heater Procurement Guidelines - Some New
Per formance Criteria", Symposium on State-of-the'-art
Feedwater Heater Technology, EPRI (c. %984).

"Method for Quantifying Heat Duty Derating due to Inter-Pass
Leakage in Bolted Flat Cover Heat Exchangers", Heat Transfer
Engineering, pp. 19-23, Vol. 4, No. 3-4 (1983).
"On Some Performance Parameters for Closed Feedwater Heaters,
Proc. of PVP Conference, ASME (c. 1985).
"A Design Procedure for Evaluating the Tube Axial Load Due to
Thermal Effects in Multi-Pass Fixed Tubesheet Heat
Exchangers", (with A. I. Soler), Journal of Pressure Vessel
Technology, Trans. ASME (c. 1986).
"An Elastic-Plastic Analysis of the Integral Tubesheet, in U-
Tube Heat Exchangers - Towards an ASME Code Oriented
Approach", Proc. of PVP Conference, ASME (c. 1985).

"Feedwater Heaters", invited paper, Proc. of the Joint NSF-
ASI Conference, Poona, India (c. 1986).

"Surface Condensers", invited paper, Proc. of the Joint NSF-
ASI Conference, Poona, India (c. 1986).
"FLow Induced Vibration", invited paper, Proc. of the Joint
NSF-ASI Conference, Poona, India (c. 1986) .

"Mechanical Design of Heat Exchangers", invited paper, Proc.
of the Joint NSF-ASI Conference, Poona, India (cd 1986)-
"A Rational Method for Analyzing Expansion Joints:, (with A.
Soler), ASME, Journal of Pressure Vessel Technology (c.
1988).

"An Analysis of the Improvement in the Thermal Performance of
Surface Condenser Equipped with Tweener Supports"g ASME
Power Generation Conference, Miami (Oct. 1987)."A Generalized Spent Fuel Pool Model:, (with V. Maciunas)I
Heat, Transfer Engineering (c. 1988).


