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-[ UNITED STATES OF AMERICA
'

NUCLEAR REGULATORY COMMISSIONs

ATOMIC SAFETY AND LICENSING BOARD .

Before Administrative Judge
Peter B. Bloch

?

'In the Matter of ) I

) |
-THE CURATORS OF ) Docket Nos. 70-00270 i

THE UNIVERSITY OF MISSOURI ) 30 02278-MLA |
) )

'

- (Byproduct License ) Re: TRUMP.S Project !

' No. 24 00513-32; )
,Special Nuclear Materials ) ASLBP No. 90 613 02 MLA

i

License No. SNM 247) ) ;

,

AFFIDAVIT OF DANIEL J. OSETEK
'

REGARDING SAFETY OF THE TRUMP S PROJECT

I, Daniel J, Osetek, declare as follows: |

'

1. I am a principal engineer with the Los Alamos Technical Associates, Inc. (LATA),6501 Americas

Parkway NE, Albuquerque, NM 87110. I have been employed by LATA for approximately 1 1/2 1

| years. p

1
'

. . ..
;}

P. I received a B.S. In Physics from the New Mexico Institute of Mining and Technology in 1969 and .>

g

E'' a M.S. In Nuclear Engineering from the University of New Mexico in 1978. 'I have gained over

twenty years of professional experience working in nuclear safety research, and I have authored or -
,

coauthored over 70 technical publications.1 have been employed by the Lovelace Inhalation l

'O i Toxicology Research Institute, the Los Alamos National Laboratory (LANL), and the Idaho National4

Engineering Laboratory (INEL). ' A copy of my current resume is attached (Attachment i).
g

. .

.
. . . . 1

3;. At Lovelace I was responsible for the daily operations of an alpha laboratory where plutonium and ; i
'

other actinide materials were handled :n gloveboxes almilar to operations in the TRUMP.S project.

I I participated in glovebox syster.: designs for both the beta gamma laboratory and the alpha i

laboratory. .I also contributed 'a the development of routine operating procedures and the tralning
j

~ f technicians in the safe hr.ndling of radioactive materials.o
i
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..*' '4. At LANL i worked in the aerosol science section and contributed to several projects related to

industrial hygiene and aerosol physics I conducted several in-place tests of HEPA filter systems

for large laboratories and I developed a technique for in-place testing a two stage HEPA filter

;5 system using special equipment designed and built for this specific purpose. I was team leader for ;

the certification of the new HEPA filter systems at the plutonium fuel fabrication facility.

5. At INEL l designed effluent monitoring systems for in-reactor tests on nuclear fuel that simulated ;

accidents condklons. I participated in the conduct and analysis of several nuclear fuel tests in the

Power Burst Faculty and the Loss of Fluid Test FacIky From 1983 to 1989 i was Manager of the

Fuels and Materials Unit, responsible for the supervision of scientists and engineers working on a i"

variety of nuclear safety research projects.

4
6. A large part of my experience gained at INEL was related to the analysis of nuclear reactor ,

accidents and the calculation of radionuclide release and transport. At LATA my experience has -

included the preparation of safety analys!s reports (SARs) and the independent review of SARs for

various DOE nuclear facNitles. These safety analyses usually include reviews of potential accidents,

the estimation of prooabRities and consequences, and the calculation of potential dose effects. I

am presently a member of DOE Source Term Expert's Group and a former member of several NRC

- technical review groups. I have contributed to reviews of NRCs accident research plans and several

NUREG documents.

7. On October 31 and November 1,1990 I visited the Universky of Missouri Research Reactor (MURR)

and examined the Alpha Laboratory and the TRUMP S experimental apparatus ?I reviewed the

operating procedures and interviewed several project personnel to gain knowledge of the operations - ,

and safety related detaus. -I famularized myself with the current questions and concems surrounding ~ l

the safety of the TRUMP S project.-
+

\asW'

8. 'I have reviewed the ' Declaration of ~ James C. Warf and Daniel O. Hirsch", the " Declaration'of.

.

. TRUMP S Review Panel * by. Daniel Hirsch and James C. Warf et al., and the document tkled 'A

Critique of the TRUMP S Process' by James C. Warf, . I have also reviewed the " Affidavit of Dr. J. |
|Steven Morris Regarding Errors in Petitioners Analyses", NUREG 1140 (Ref 4), and the generic-

- NUREG 1140 analysis performed by Dr. Susan M. Langhorst to evaluate the accident involving0

plutonium of the type used in the TRUMP-S Project. The following paragraphs present my views on ' )
these matters and conclude that the TRUMP S project presents acceptably low risk to the health

and safety of facility personnel, the general public and the environment.

1
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[ 9. . There are f;ur aspects of potential concem regarding the safety of the radioactive actinide materials
L

plannes for use in the TRUMP S project: (1) storage of the total bulk inventory at the faculty, (2)

tra'.sfer of the material to the Alpha Laboratory, (3) handling of the material during preparation and

'eperimentation in the Alpha Laboratory, and (4) archive storage of small quantitles of materials and

contaminated equipment.

!

10. The bulk actinide. materials are packaged in specla! robust double containers that are highly

resistent to breakage and these packages are stored in the MURR fuel storage vault that is designed

to meet special safety objectives such as fire resistanos, etc. The fuel storage vault is inside -

containment, a safety feature specifically designed to minimize emissions in the event of an |
accident. These packages of actinide material are handled very seldom, greatly reducing the

*

chances of a handling accident. The risk of a serious accident that could result in health and safety

[ consequences outside the facNity is diminishingly small, in my |udgement, this risk is far below that
J

of other routine hazards accepted by the general public in their daNy activities.

11. . Simbarly, the risk of a serious accident during transfer of the materials from storage to the laboratory |

Is also very low; because the quantity of material is limited (usually a fraction of the licensing limit),

the transfer package is designed to survive credible accidents in transit (one of the two layers of

packaging is steel), and special procedures are followed by trained personnel during the transfer > -|

operation. Each element is moved separately by trained personnel accompanied by a health t

physics monitor following procedures that are reviewed and approved by MURR management.

i
,

12. Archive storage includes waste material, contaminated with trace levels of depleted uranium or ,

actinides, and reagets, reusable apparatus and equipment that contain recoverable amounts of

depleted uranium or actinide material.' The waste material and the depleted uranium are stored in -

sealed oags. Items containing recoverable amounts of actinide (up to 300 mg) are packaged in
.

special sealed robust double containers : Both the inner and outer containers are fabricated of- >

schedule 40 aluminum pipe with welded seams and bolted o ring / flange covers and are backfilled ;
'

: with argon gas.
..

The archive storage vault is well designed to safely maintain these materials and protect them from

damage or unauthorized handling. The risl: of a serious accident involving the tmnsfer or storage u

of materials in the archive storage vault is minimized by the limited quant!!ies, the double containersi
'

the vault design and the observance of approved written procedures in all operations.
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c 13. The greatest risk associated with the TRUMP S project, therefore, appears to be that of handling
~

the actinide materials in the Alpha LJiboratory. This handling risk can be separated into two parts:

(1) separating the bulk materials into smaller experimental sizes, and (2) conducting experiments

on these smaller quantities.

|
.

14. The risk associated with the separation process is lower than the risk associated with the

experiments. During the separation process, the maximum amount of material expected to be

involved is less than the licensing limits (present quantities are - 6 grams plutonium, ~2.4 grams

americium, -75 grams depleted uranium, and ~4.0 grams neptunium). After separation bulk

materials are retumed to the fuel storage vault. The separated material is less than 1 gram and

usually 100 300 mg.

15. The physical form of the materials is also more benign at this stage. Solid single pieces or several

- solid chips of material are being handled, not easly dispersed powders or liquids. Further, the!'

types of operations being conducted during separation involve low energy, that is non-mechanical '|

non electrical operations primaruy using hand tools. No high temperatures or other risky operations

are involved. Therefore it ls judged that the risk dominant aspect of the TRUMP S project is
1associated with the experiments themselves, and evaluation of the safety aspects of these processes

is the subject of the following paragraphs.

e
16. ' Once the material to be used in a thermo dynamic experiment has been' separated from the bulk

L material, a maximum of 0.3 gm is used in the high temperature process in the argon glovebox and

at risk of being involved in an accident. The remaining material is removed from the argon glovebox - j

or stored safely in a sealed steel container, Little or no combustible materials are present in the - |

vicinity of the stored actinide material.
''

1

17. ' The technique generally used to evaluate the safety (or risk) of specific moderate-to hlgh risk DOE

n facultles (Ref.1) or high'rlsk operations licensed by the NRC is to estimate the probability and

|
consequences of credible accidents (Ref. 2). This technique uses, for example, a pr'bliminary

|I
,

L
hazards analysis to identify possible accidents, and then more detaled analysis of the apparent high |
risk events is conducted if warranted. Since the TRUMP S project involves small amounts of- |,

actinide material in low energy operations, such rigorous analysis is not warranted. R
,

L

18.' DOE defines a credible event as one that has a probability of occurrence of 10* per year or greater

'(Ref 3). When a credible accident is found by analyses to result in an unacceptable risk (usually |
defined as approaching certain dose / probability guidelines), additional safety features are added .|

'

.|
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to the project to reduce this estimated risk. Such added safety features may include engineeredg

systems like extra HEPA filters, or administrative procedures like additional Health Physics (HP)

surveillance. Although the TRUMP S project does not fit in the same categorywith modemtSto high i

; -risk operations'such as those at large DOE laboratories, TRUMP S already has added many

additional safety features. !

.19. I have reviewed the experiment design and personally inspected the Alpha Laboratory, the

gloveboxes and the ventilation system used to control effluents from the TRUMP S experiments.

It is my opinion that the apparatus is well designed and constructed and includes all the features

expected for a system of this type and purpose and some added features beyond the minimal

requirements (e.g., four banks of HEPA fBters, three in-place tested, in the glovebox exhaust lines).

I have reviewed the procedures used to conduct the experiments and I find these suitable and I find |
no cause for concem over the safety of the project.

. 20. Therefore, it is my judgement that the TRUMP S project has not only complied with the safety

. requirements appropriate to an operation of this type, but it has exceeded the usual requirements -
I

by adding safety features and controlled procedures usually reserved for much more hazardous

operations. To further support this position it is useful to compare the estimated consequences of : ;

. a " worst case' accident using very conservative assumptions to the consequences estimated using ;
i

more realistic assumptions.

:i

: 21.- The conservative approach follows that already conducted by MURR personnel using the technique t

described in NUREG 1140 (Ref. 4). The maximum amount of 1.0 gm,- which corresponds to the
.

experiment limit specified in the materia! I wmse application, is assumed to be involved in a severe

P . fire that pre'ients filtration of the effluent, prevents deposition of the' effluent within the facility and
,

prevents realistic dispersion of the effluent. A conservative release fraction of 0.001 is used, as is f,

'

L a conservative dispersion model with 1.m/s wind and no' buoyancy. A conservative dosimetry'

,

Tmodel is used and no credit is taken for evacuation or the potential lack of individuals at the plume ' q

' centerline. - No. plume meander is assumed and no ' emergency action such as fire fibhting is j

assumed so the entire effluent is involved in the consequence analysis. The dose calculated for the

i maximum exposed individual at 100 m using these highly conservative assumptions is 0.034 Rem ~
I

'

effective dose equivalent (EDE). Such highly conservative analysis is only useful for evaluating theo,; . .

-

| . need for rigorous emergency planning or certain project planning purposes. The stated NRC policy

is * Emergency planning should be based on realistic assumptions regarding severe accidents' (Ref.

- 5, issue 4,1985,-Page 6). More realistic analysis is necessary to evaluate the true risk of an |

I

|
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operation in instances where NRC regulations would require consideration of an emergency plan. ]
'

NRC guidance for such evaluation of risk is stated in 10 CFR 30.32(1)(2):

(2) One or more of the following factors may be used to support
an evaluation submitted under paragraph (I)(1)(1) of this section: )

-(i) The radioactNo material is physically separated so that only a
portion could be involved in an accident; . 4

- (II) All or part of the radioactive material is not subject to release
during an accident because of the way it is stored or packaged;

(Ill) The release fraction in the respirable size range would be lower
than the release fraction shown 130.72 due to the chemical or physical
form of the material;

(N) The solubERy of the radioactive material would reduce the dose
received; .

(v) Faculty design or engineered safety features in the faculty would
.

cause the release fraction to be lower than shown in 5 30.72;

L (vi) Operating restrictions or procedures would prevent a release
p fraction large as that shown in i 30.72; or ;

(vil) Other factors appropriate for the specific faculty,

'
.

22. A more. realistic, or best estimate (BE), analysis of a severe accident involving the TRUMP S -

experiments must include the following best estimates of the relevant parameters.

Ic. Inventerv The actinide quantity to be used in any thermodynamic experiment is 0.3 gram

. or less. This analysis assumes 0.3 gram of plutonium with the isotopic distribution.

appropriate for the TRUMP S materials. ;

2. - Release Fraction The fraction of actinide material that could be released in a respirable size l
'

1

. (< 10 pm diameter aerosol particles) and remain airbome as a esult of a fire can vary-
'

; widely depending on accident detals' The chemical form of the actinide material and the.

N physical forces encountered during the accident influence the quantity that is released.
'

,

, .
- - t.

Several references in the technical literature offer reasonable comparisons for identifying the .

: best estimate release fraction applicable to the postulated. TRUMP S accident. There are-

: also several references in the technical literature that offer information about actinid' releasej sm ,

but are not applicable to the TRUMP-S postulated accident. Care must be exercised to use' .

: the appropriate release fraction. The process involved in the postulated accident includes :

either the actinide metal before conversion or an actinide salt after conversion in the pot

fumace. Thus'only release fractions for buming metallic or salt contaminated combustibles j
I

are appropriate for estimating the release from a fire involving the TRUMP S materials.
,

I
p
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The literature data for buming metallics (Refs 6,7, and 8) give release fraction values
,

ranging from 2.8 x 10' to 5.3 x 10'. Certain data quoted in the literature (Ref 8 and 9) are

. given as fractional release rates ranging from 4.5 x 1@ to 3.2 x 10 per hour. Since the4

fire duration is assumed to be limited to I hour or less, the most conservative release
dfruction of 5.3 x 10 should be used. ,

e

''
The literature data for salt release (Ref.10) indicates that the release fractions dep snd

- strongly on the type of combustible material that is contaminated with the salt and invc ved |

8In the bum. The largest release noted was 6.5 x 10 for polymethylmethacrylate or Pl AMA

(used for glovebox windows)I polychloroprene (used in rubber gloves and gasketing) ; ave -
'

a release fraction of 4.2 x 10*; and cellulose (e.g., paper towels) have release fractk ns of

9.5 x 10' to 2.9 x 10 Proper application of these salt release fractions requires weightingd '

for the appropriate partitioning of the actinide salt among the three possible combustible

! material types: gloves, window and cellulose. Assuming most of the salt is spilled onto

combustible cellulose-type material ln the glovebox and a few percent adheres to the gloves

and windows, a release fraction similar to that for'the burning metal can be used:

L 5.3 x 1#. Therefore, a best estimate release fraction appropriate for this analysis for either

..

, metallic or salt is 5.3 x 10 . This release fraction value is also consistent with the U.S. -Id

8. Nuclear Regulatory Commission statement in NUREG.1140 that a value' of 10 is
,'
,

conservative since it is derived from ...' experiments designed to maximize releases."

h: 3. Filtration Under normal steady state circumstances there is no effluent from the TRUMP S 3
!argon glovebox. The atmosphere is recirculated through four HEPA filters and two gas

treatment units, if the appropriate pressure differentials are not maintained between the-'

L
glovebox and the laboratory, an automatic valve opens to exhaust the glovebox through .- [

:: . four stages of HEPA futration (3 in-place tested) and maintain confinement In the TRUMP.S -

|; - experiment glovebox. Emergency procedures invoked during a fire may secure the exhaust

(and intake) ventilation systems after the fire has been identified. . Some filtration of fire

generated. smoke will occur before these systems are secured.' The sameip'Tocedure

ensures closure of all fire doors, thus isolating the fac!!!!y to minimize the ingress of air to

!~ the fire and smoke (potentially contaminated) egress. Since the fire hose connector nearest i ?

b y. . the- Alpha Laboratory is inside the basement area, fire hoses can be manned.without i

interference with the fire doors. It is expected that under these conditions some reduction-
1'
J In effluent will occur as'a result of partial filtration c.r natural deposition processes-that - >

remove airbome aerosol particles inside the facility. Particle agglomeration and settling, ;

thermophoresis and impaction or impingement will reduce the airbome quantitles. - The 3

|
..

|| ~ Mu00100(A01)/111390w 7,
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amount of time that the aerosol particles experience these natural forces controls the '

* * ' degree or amount of loss (deposition). The residence time will be controlled by the !

d! stances and confinement barriers that exist between the source of the aerosol (the fire in

the Alpha Mboratory) and the point of release to the environment (the nearest open door,

window, or leak point at ground level) Since the aerosol must negotiate the pathway from

the glovebox through ducts or the Alpha bboratory open space, the Alpha 4.aboratory

door (s), the large basement room, the stairwell to the ground floor, the door to the groundt

;

level, the ground level hallways and the door, window or leak paths to the environment, a -

large residence time is required. Thus for small to moderate size fires, a substantial amount

of aerosol and the actinide material is expected to deposit inside the building between the

source and release points. This best estimate analysis conservatively assumos a 60%

reduction in the effluent as a result of uuch partial filtration or natural deposition processes.

4. Emeraency Action The same procedures that are used in emergency (accident) situations

to secure the ventilation system are also used to control the postulated fire. Personnel are I
s

trained to fight fires and the emergency procedure instructs them to do just that.

. Additionally, the procedure calls for action of the Columbia Fire Department. The'

combination of these actions is expected to control the fire in a brief time period from a few ~ l
minutes to'~1/2 hour. Limiting the duration of the bum will also limit the amount of'

hazardous material involved in the fire and released by the accident. If the fire requires

longer to extinguish, more time is available for other emergency actions such as warnings,

evacuation, or sheltering.- Therefore, this best estimate analysis uses a factor of 2 reduction |

4
x in the calculated consequences to account for either eventuality, a 1/2 hour fire and release j:

,

period instead of a 1 hour fire and release period, or exposure.to the e#luent for 1/3 of the |l -

y. time before evacuation (or other mitigation) is enacted instead of the full exposure time.
p- ,

b, i

6. Plume rise The assumption of no plume buoyancy in a severe facility fire is not realistic.; ,t

The heat generated by the fire forces convective currents to rise, carrying any actinide . jg

release with the rising smoke plume. This buoyancy increases the dilution of the actinide
'

L material before it reaches the location of any postulated individual, and may increase the i
p . minimum distance to the nearest postulated individual. A best estimate analysis should use

? | ' atmospheric dispersion models that include plume buoyancy. Therefore, this analysis will .
'

#

1 'use such models as described in Figure 1 of NUREG 1140
,

1,

[ 6. Wind Soeed Wind speeds at the facility site exceed 1 m/s 98% of the time (see Attachment ~I

k 2). If winds are only 1 rn/s, plume meander will reduce concentrations and/or the time of '

.
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L, exposure to a recipient at a fixed downwind location. The NRC Regulatory Guide 1.145 |
~ 1

; (Refi 10) describes the use of plume meander models; and, in general, a factor of 4 -

reduction in estimated concentration (and dose) is calculated when plume meander is |,

modelled. Therefore, best estimate analysis should use either a higher realistic wind speed I
'

or the plume meander assumption. This analysis uses the realistic assumption of 4.5 m/s |
Wind speed.

23. 'The dose calculated for the maximum exposed individual as a result of a severe fire in the Alpha -

t.aboratory for the more realistic case described above is significantly smaller than for the case

using the numerous conservative (and unrealistic) assumptions. Using the parameters described

in 1 through 6 above, an effective dose equivalent (EDE) of 2.0 x 10' Rem is calculated for the )
maximum exposed individual. Because of the plume buoyancy effect, the maximum exposure

occurs at 250m. This dose is compared to 0.034 Rem for the highly conservative case that uses

the NUREG 1140 assumptions. Thus, there appears to be a margin of consarvatism of more than

3 orders of magnitude between the expected consequences of an assumed severe accident and
'

: those calculated using the highly conservative analysis of NUREG 1140.

24, if more conservatism is included in the best estimate analysis, and only assumptions 1,5, and 6 are

allowed (i.e., assumptions 2,3, and 4. are excluded) the calculated dose is 1.5 x 17 Rem. In this

? case there are still more than two orders of magnitude margin of conservatism.

' 25. The'above analysis assumes that plutonium is the' actinide involved in the accident. The dose

calculated for an accident involving americium is greater. Using the same assumptions 16 given .i

above, except 0.3 grams of americium is substituted for the plutonium, the calculated EDE for the -

maximum exposed Individual would be 9.4 x 1# Rem or about one millirem.
'"

,

T
^

' 26. ' In addition to this very low consequence, the probability of such an accident also appears to be

very low further reducing the estimated risk of the project. Factors affecting the probability of ,

>

a
odcurrence include: ' '

,3

1. Inerted glovebox reduces potential for Ignition,

H

2. combustible materials are essentially absent from the argon glovebox and very limited j
.

throughout the Alpha Laboratory,

1
3. the laboratory is constructed primarily of concrete and fire resistant materials, |

|

,
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[ ~4. the only source of energy present in or near the gloveoox is the pot furnace and the

extemal thermal well which are maintained at moderate (<6000 C) temperatures,

6. dry chemical and halon fire extinguishers are present in the Alpha Laboratory and personnel -

are trained to use them,

6. two smoke detectors are present in the laboratory and a heat sensor is located in the4'

glovebox and each alarm locally are in the MURR control room,

I

-7. the Columbia fire department rreponds rapidly to fire alarms and will likely extinguish fires

before they become severe. |

27. Based on this analysis showing very low consequences, and the very low probability estimated for

a severe accident in the TRUMP S Project, I believe the project presents acceptably low risk to the

health and safety of facility personnel, the general public and the environment.
,
?

28. I have also examined the results of the TRUMP S Review Panel calculations (Intervenors Exhibit 1, 7

paragraph 75, including Table 111) and find these results disagree with my own calculations. Using . |s

their assumptions of 1 gram and 3% release, I calculate a concentration at 100m of 5.3 x 10' Cl/nf,

which is more than 37 times lower than the value of 2.0 x 10' calculated by the Review Panel.

m, Thus, the Review Panel seems to be overi,stimating even the concentrations that might be used for ;

. emergency planning.' Similar overestimates of more realistic accident consequences distorts the ;

: true margin of conservatism that exists for the TRUMP-S Projectc
' I

i ;
''

.
. . .

,

29; ; in the ' Declaration of James C. Warf and Daniel O. Hirsch" It is stated that the release of actinides
'

.

Lat Chemobyl was 3% and, therefore, 'at least a few percent". release should be assumed for the -.i

( TRUMP S accident analysis. Having worked in reactor safety for twelve years, I am very familiar.
' ~with the circumstances surrounding the reactor accident at Chemobyl. The accident at Chernobyl| ,

,

' bears no resemblance to the accident postulated for worst case analysis of the TRUMP-1 project.' f
. The fire at the Chemobyl reactor was initiated by a reactMty excursion and sustained by the ;

1

combination of nuclear fuel decay heat, a large volume of graphite and air ingress. Very.high . 4,

x

temperatures were attained at Chemobyl, far above any temperatures achievable in fires that can |

1
be postulated for the Alpha Laboratory. The 3% release derived from the Chernobyl data took place -

Nover a ten day period.-

,

;

'
u
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Good engineering practice would preclude the application of any Chemobyl data in any manner to
,

the accident postulated for the TRUMP S Project. The proper release fraction that should be appIled

to the TRUMP-S accident analysis should come from experiments that most closely simulate the

conditions expected in the postulated accident. As described in the best estimate analysis above,

references 5-9 provide the best source of these values.

30. The purpose of higNy conservative, unrealistic analysis is to evaluate the needs for special

emergency preparedness and additional safety features. Such analyses should not be used to

- Judge the true safety (or risk) of a project. The aafety of a project must be judged on the probability

and more realistic consequences of credible accidents. In this regard, the best estimate analysis

provided above Illustrates the level of safety that should be assigned to the TRUMP S Project, and

this level appears more than adequate to this reviewer.

|
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May 1988, i
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EXHIBIT 1 ATTACHMENT 1
; . . -

*
DANIEL J. OSETEK

.

EDUCATION:

M.S., Nuclear Engineering, University of New Mexico . Los Alamos Branch,1978
B.S., Physics, New Mexico institute of Mining and Technology,1969
Coursework at idaho State University

TITLE: Manager, Reactor Safety Programs

EXPERIENCE:

Coroorate Affiliations: LATA,1989. present
EG&G Idaho, 1978 1989
Los Alamos National Laboratory,1974 1978
Lovelace inhalation Toxicology Research institute,

1971 1974

Areas of Snacialization: Nuclear facility safety
;

Nuclear reactor safety '

Severe accident phenoms M ev619stion
Source term analysis
in reactor experiment design
Plutonium and fission product aerosol characterization

Years of Exnariance: 20 |
'

i
pecurity Clearance: DOE O in process '

Platated Emnerience:

Mr. Osetok is a recognl ed expert in fission product behavior and source term analysts
with a broad knowledge of current reactor safety issues, severe accident phenomena and i

nuclear f acility safety. His technical experience includes the fr.Ilowing. -

Safety related research, phenomenological analysis, and results reporting for several NRC [
+

and DOE Programs:
)

the Severe Fuel Damage tests in the Power Burst Facility,-

the TMl 2 Accident Evaluation Program,.

'the OECD LOFT fission product experiments FP 1 and FP 2, /.

design basis and severe accident source term calculations for various NRC |-

sponsors,
t

N Reactor source term analysis, *.

ATR safety analysis, and.

. . MHTGR NPR fuel and target safety analysis.

* Experimental Research: .j

!aerosolinstrumentation design, data collection, and analysis for the PBF Severe i
.

Fuel Damage Test SFD 14; !
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Daniel J. Osetok (continued)

' fission product detection system design, operation, and data analysis for in plie )
.

'

tests in PSF, LOFT, and NRU; j

I.ffiu.ni aysi. desien, op. ration. .nd data ansiysis for s.v.r. fu.i dame . i. sis.

in PDF and LOFT; ano |
1

fuel and fission product behavior analysis for in pile tests on reactivity insortion.
,

accidents, power cooling mismatch events, and loss of. coolant accidents, j

* Technical committee contributions: |
1

technical expert representing NRC to the, National Research Council's review of.
,

,
< severe accident chemical processes; ,

participant in the NRC's Expert Panel Review of Source Term Uncertainties in.

Severe Accidents;
<

member of NRC's Expert Review Team for the French PHEBUS Program, the EPRI.

,

STEP Tests, the NRU FLHT tests, and European resserch programs; and
|

member of DOE's Source Term Experts Group for advanced reactors,.

e

* Nuclear Safety and Environmental Reviews:

reviewer of NRC documents on accident research and source terms: severe.

accident research plan, NUMEG 1150, NUREG 0956, and NUREG 0772;

review group manager for DOE lO to evaluate Idaho National' Engineerino.

Laboratory (INEL) environmental compliance system;
,

Safety Analysis reviewer for INEL, Westinghouse Hanford, and Sandia National-

Laboratories (SNL); and

tManager of Safety Analysis Report preparation for SNL and Hanford Nuclest.

Facilities,
i

Mr. Osetek is manager of reactor safety programs at LATA. Currently he is participating
in a DOE project to evaluate severe accident source terms for advanced Light Water Reactors
and in the development of a reference manual for NRCs CONTAIN 1.1 computer code. He is
managing the preparation of safety analysis reports for Sandia's Radioactive and Mixed Weste
Management Facility (RMWMF) and Hanford's Buried Weste Retrieval Project. He was a
principal contributor to the Preliminary Safety Evaluations (PSEs) for Hanford's Waste Seceiving
and Processine Facility and the Aging Weste Transfer Lines. Recently he supported the safety
reviews of Hanford's Weste Vitrification Plant, the Plutonium Finishine Plant, Irradiated Fuel
Storage Facility, and Buried Weste Retrieval Program. Earlier at LATA he served as a group
leader for evaluation of the environmental compliance systems at INEL for DOE ID. i

With EG&G idaho at INEL, Mr. Osetok was manager of the Fuels and Materials Research
Unit. He managed the technical and administrative functions of the unit responsible for multiple
projects related to nuclear reactor safety analysis, nuclear fuel testing in reactors and in hot
cells, speciallred instrument development,' data analysis, and results reportino. Mr. Osetek
represented the company in international research pro 0 rams and served as technical expert for
the NRC on national and international review committees concemed with severe accident
research.
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*

Daniel J. Csetek (continued)

Earlier at EG&G Idaho Mr. Osetok was supervisor of nuclear fuel testing. he directed;

scientists and engineers on the design and specification of in reactor experiments on nuclear'

;

fuel. He prepared detailed operating procedures, data acquisition and reduction plans, '

experiment data reports, and detailed analysis reports. Mr. Osetek also managed liaison !
between program planning, design engineering, reactor operations, and the physical / chemical
sciences. As an EG&G proJoct engineer Mr. Osetek managed the design, development, and
upgrades of the state of the art experiment monitoring and control system for in reactor fuel and
fission product behavior tests.

As a staff member et Los Alamos National Laboratory Mr. Osetok conducted aerosol i
research activities related to nuclear facility hygiene. He designed and developed field testing |
equipment and procedures for HEPA filter systems, managed air cleaning eQulpment qualifc' ation
testing and technician training on field testing procedures, and provided engineering consuhation
on various aerosol projects.

At Lovelace Mr. Osetek manabad the technical operation of the Alpha Exposure Complex
where laboratory animals are administered lung burdens of plutonlum aerosols. He */sined and
directs ' technicians in radioactive material handling, aerosol generation, sampling and data
processing, electromicroscopy and decontamination activities. He also characterized alpha, ;

beta, and gamma emitting aerosols. I
*

PUBLICATIONS:

Mr. Osetok hav over 70 technical publications concerning fuel and fission product behavior, I
hydrogen and aerosol generation, and reactor safety analysis. ;

i

b

.

.

i

!

L
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'
Danle! J, Osetek (continued) ;

| l

i PUBLICATIONS:

| A. W. Cronenberg, D. J. Osetek, R. O. Gauntt and F. E. Panisko, ' Severe Accident Zircoloy
OxidationMydrogen Generation Behavior Noted From In Pile Test Data,' Proceedinant 17th Water 1

lReactor Saferv information Meetino. Rockville, MD, October 1989.

D. J. Osetek and D. W. Akers, 'Results of the TMI 2 Accident Evaluation,' invited Paper for the 1

l 1Royal Dutch Institute of En0 neers Symposium on Reactor Safety Research after TMI, Netherlands
Energy Research Foundation, Pelten, Netherlands, June 1989.

D. J. Osetok, J. M. Broughton, and R. R. Hobbins, *The TMI 2 Accident Evaluation Program,' EGG-
M 89109, Proceedinos of the ICHMT Seminar on Flaalon Product Trannoort Processes in Reactor
Accidents. Dubrovnik, Yugoslavia, May 1989.

.

R. R. Hobbins, D. J. Osetok, D. A. Petti, and D. L. Haor nan, ' Fission Product Release as a Function
of Chemistry and Fuel Morphology,' EGG M 89037, Proceedinna of the ICHMT Seminar on Finalon
Product Trannoort Processes in Reactor Aceldenta. Dubrovnik, Yugoslavia, May 1989.

J. K. Hartwell and D. J. Osetek, ' Design and Performance of Sampling and Monitorino
Instrumentation for Source Term inte0ral Tests in the Power Burst Facility,' EGG M 88067,
Proceedinos of the International Conference on Thermal Reactor Safetv, Avignon, France, October
1988.

D. A. Petti, C. M. Allison, Z. R. Martinson, and D. J. Osetek, 'Results from the Power Burst Facility,

Severs Fuel Dama0e Test 14,* EGG M 88398, Proceedinos of the International Conference on
Thermal Reactor Safetv, Avl 0non, France, October 1988.

R. R. Hobbins, D. J. Osetok, D. A. Petti, and D. L. Ha0rman, 'The influence of Core Degradation
Phenomena on in Vessel Fission Product Behavior During Severe Accidents,' EGG M 88071,
Proceedinos of the International Conference on Thermal Reactor Safetv Avignon, France, October
1988.

R. R. Hobbins, D. J. Osetok (session chairman), D. A. Petti, and D. L. Ha0rman, 'The influence of
Chemistry on Severe Accident Phenomena in Inte0ral Tests *, EGG M 39287, Proceedinan of the
2nd American Chemical Soeletv Svmooalum on Nuclear Reactor Severe Accident Chemistrv.
Toronto, Canada, June 1988.

K. Vinjamurl, D. J. Osetek (session chairman), D. A. Petti, and D. H. Melkranu, ' Fission Product
Behavior During the Severe Fuel Dameos Test SFD 14,* EGG M 33587, Proceedinos of the 2nd
American Chemical Sbcletv Svmooalum on Nuclear Reactor Severe Accident Chemistrv Toronto,
Canada, June 1988.

A. W. Cronenboro and D. J. Osetok, ' Reaction Kinetics of I and Cs in Steam / Hydro 9en Miletures,'

| Nuclear Technoloov Vol. 81, June 1988,

i

; D. J. Osetok, D. A. Petti, and D. L. Hoorman, * Observations on the Chemical Processes and
Products from the Four PBF Severe Fuel Dama0e Tests,' EGG M 39387, invited paper for the
National Research Council Workshop on the Chemicai Processes and Products in Severo Reactor
Accidents, Captiva Island, FL, December 1987.

D. J. Osetek, 'Results of the Four PBF Severe Fuel DameGe Tests,' EGG M 21987, Proceedinos:
15th Water Reactor Safety Information Meetino, Gaithersburg, MD, October 1987.

I D. J. Osetek, B. A. Cook, R. J. Dallman, and J. M. Brou0hton, ' Characteristics of Severely
Dama0ed Fuel from PBF Tests and the TMI 2 Accident,' Proceedinos of the International ANS/ ENS
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Denti J. Osetok (c:ntinued)
,

| Toolcal Megtino on the Onerability of Nuclear Power Svatema in Normal and Adverse Environmenta.
Albuouerque, NM, Sept. 29 Oct. 3,1986.-

,

A. W. Croi.*nboro and D. J. Osetok, ' Analysis of lodine C*.emical Form for the Severs Fuel Damage
Scopin0 Test Od 1 1 Test,' Proceedinant Severe Accident Chemistrv Svmoomium 192nd

- American Chemical Society National Meetina, Anaheim, CA, Sept. 9 12,1986.

K. Vinjamuri, D. J. Osetek, D. A. Petti, and D. H. Meikrants, ' Severe Fuel Damage Test 14 Data
Report,' EG&G Idaho Report. September 1987.

i

i K. Vinjamuri and D. J. Osetok, ' Release and Deposicion of Volatile Fission Products Durine in Pile
Severe Fuel Dama0e Tests,' ANS Transactions. Vol. 54, June 1987, pp. 230 231.

A. W. Cronenberg, R. W. Miller, and D. J. Osetok, 'Zircoloy Oxidation and Hydro 0en Generation
Behavior Durine Severe Accidents.' A!ChE Svmeonium series. Number 257, Volume 83,1987.

A. W. Cronenboro and D. J. Osetok, ' Fuel Morphology Effects on the Chemical Form of lodine ,

Release From Severely Damsoed Fuel,' Journal of Nuclear Materials. Vol. 149,1987. !
,

1,

D. J. Osetok and R. R. Sherry, ' Analysis of Fission Product Transport Behavior During Severe Fuel |
,

| Damece Experiments,' Proceedinant Severe Accident Chemlatrv Svmoostum 192nd American
Chemical Societv National Meetino. Anaheim, CA, Sept. 9 12,1986.

K_ Vinjamuri, D. J. Osetok, D. H. Melkrantz, and J. D. Baker, ' Fission Product Behavior During the
in Pile Severe Fuel Dama0e Test SFD 13,* Proceedinant Severe Accident Chemistrv Svmonalum.
192nd American Chemical Societv National Meetino. Anaheim, CA, Sept. 9 12,1986.

A. D. Knipe, S. A'. Plooer, and D. J. Osetok, Severe Fuel Damane Scoolna Test Test Ranutta 1

'

Bam, NUREG/CR 4683, EGG 2413, August 1986.

A. W. Cronenboro and D. J. Osetok, ' Chemical Kinetics Considerations Relative to lodine and
Ceslum Behavior Under Severe Accident Conditions,' ANS Trananctions. Vol. 61, June 1986,

i

K. Vin'amuri, D. H. Meikrantz, J. D. Baker, and D. J. Osetok, ' Fission Product Deposition Behavior
During she in Pile Severe Fuel Dams 0e Test SFD 13,* ANS Tranaaet' ens. Vol. 51, June 1986.

,
D. J. Osetok, ' Fission Product Behavior Observed in Severe Fuel Damage Testing,* Invited

' presentation,88th Annual Meetino of the American Ceramics Society, Chicago, IL, April 27 May
1,1986.

K. Vinjamuri, D. J. Osetok, D. E. Kuders, D. W. Akers, D. H. Melkrantz, and J. D. Baker, Beautta of
the Severe Fuel Damase Test 13 Effluent Svatem Samola Analvaan EG&O idaho Report, April

*1986.

D. J. Osetok, J. K. Hartwell, and A. W. Cronenberg, ? Fuel Morphology Effects on Fission Product
Release,' Proceedinos of the International ANS![NS Toolcal Meetino on Thermal Reactor Safetv.
San Diego, CA, February 2 6,1986.

A. W. Cronenberg, D. J. Osetok, D. L. Haorman, and J. K. Hartwell, ' Tellurium Release, Transport
and Deposition Behavior Noted from integral Fuels Testin0,' ANS Tranane tions. Vol. 50, November
1985.

V. J. Novick, R. E. Evans, D. A. Petti, J. L. Alvarez. J. D. Partin, and D. J. Osetek, ' Determination
of Aerosol Size and Number Concentrations Produced Under Severe Reactor Accident Conditions,'
Am. Asso, for Aerosol Research 1985 Annual Meetino, Albuquerque, NM, November 18 22,1985.

'
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Denti J. Osetek (continued)

D. J. Osetek (Session Chairman), J. K. Hartwell, and A. W. Cronenberg, ' Fission Product Release
Measured During Fuel Damspo Tests at the Power Burst Facility,' international Atomic Ener0y'

j Agency (IAEA) Technical Committee Meeting on Fuel Rod internal Chemistry and Fission Products
Behavior, lWGFPT/25 Kernforschunctrentrum, Karlsruhe, W. Germany, November 11 15,1986.

K. Vinjamuri, R. A. Sellsch, D. J. Osetok, R. R. Hobbins, and D. W. Akers, ' Tellurium Chemistry,
Tellurium Release and Deposition During the TMI 2 Accident,' 13th Water Reactor Safety Research
Meetino, Gaithersburg, MD, October 22 25,1985,

1

'
R. R. Hobbins, D. J. Osetok, and D. L. Hagrman, 'in Vessel Release of Radionuclides and
Generation of Aerosols,' Proceedings of IAEA intomational Symposium on Source Term Evaluation<

for Accident Conditions, Columbus, OH, October 1985.

J. Rest, D. J. Osetok, and J. K. Hartwell, ' Isotopic Fission Product Release From Nuclear Fuel
Under Severe Core Damage Accident Conditions,' Proceedinos of IAEA Intemational Svmoostum on

, Source Term Evaluation for Accident Conditions. Columbus, OH, October 1985.

K. Vinjamuri R. A. Sellsch, D. J. 06etek. R. R. Hobbins, and D. W. Akers, Tellurlum chemistrv.
Tellurium Release and Deoosition Durino the TMI 2 Aceldent. EGG TMI 6894, August 1985.

K. Vinjamuri, D. J. Osetok, R. R. Hobbins, and T. E. Doyle, ' Characterization of Solid Debris
Transported in the Coolant During the First Two PBF Severe Fuel Damage Tests,* ho.candinos of

I the NAS Toolcal Meetino on Fission Product behavior and Source Term Research. Snowbird, Utah,
July 1519,1985.

R. W. Miller, D. J. Osetok, J. K. Hartwell, P. Kuan, Z. R. Martinson, D. A. Petti, L. J. Siefkin, D. W.
Akers, D. E. Kuders, and R. D. McCormick, Severe Fuel Damane Test 14 Oulek look Reoort. EGG

j Report. July 1985.

D. J. Osetek, J. K. Hartwell, R. J. Gehrke, D. E. Kuders, and M. L. Carboneau, ' Comparison of
Fission Gas Release from Fresh and Hi0h Bum up Fuel Exposed to Severe Accident Conditions,'
ANS Transactions. Vol. 49, June 1985, pp. 248 249.

!

A. W. Cronenberg, J. K. Hartwell, D. L. Hagrman, and D. J. Osetok, Flaslon Product Behavior
Durino the PBF Severe Fuel Damane Scoolno Test. EGG Report, June 1985.

| R. J. Gehrke, K. Vinjamuri, and D. J. Osetek, Results of the Severe Fuel Damaos Test 1 1 Effluent
l System Samole Analvses, EGG Report, February 1985.

Z. R. Martinson and D. J. Osetok, Severe Fuel Damane Test Series Test SFD 14 Exoeriment
Ooeratino Snecification. EGG Report, December 1984.

'R. W. Miller, P. Kuan, J. K. Hartwell, D. E. Kuders, D. J. Osetok, Z. R. Martinson,
R. D. McCormick, L. J. Siefkin, D. W. Akers, R. K. McCardell, L. A. Stephan, and J. E. Stoyack,
Severe Fuel Damane Test 13 Oulek Look Reoort. EGG Report, October 1984.

K. Vinjamuri, D. J. Osetok, and R. R. Ho' bins, ' Tellurium Behavior Durin0 and After the TMi 2o
Accident,' Proceedinos of the Fifth International Meetino on Thermal Nuclear Reteter Safetv, KFK
3880, Karlsruhe, W. Germany, September 9 13,1984.

D. J. Osetek, A. W. Cronenberg, D. L. Hagrman, J. M. Broughton, and J. Rest, ' Behavior of Fission
Products Released from Severely Damaged Fuel During the P8F Severe Fuel Damage Tests,'
Proceedinos of the Fifth International Meetino on Thermat Nuclear Regipr Safetv, KFK 3880,

,

| Karlsruhe. W. Germany, September 9 13,1984.

|
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| Danbl J. Osetek (continued)

K. Vinjamuri, D. J. Osetek, R. R. Hobbins, J. S. Jessup, Tetturium Release and Deoesition Durino
,

the TMI.2 Aceldent. EGG TMI 6701 September 1984.

'D. J. Osetok, A. W. Cronenberg, R. R. Hobbins, and K. Vinjamuri, ' Fission Product Behavior
Durin0 the First Two PBF Severe Fuel Damage Tests,' Proceedinos of the ANS Toolcal Meetino on.

Fission Product Behavior and Source Term Research. Snowbird, Utah, July 1519,1984, EPRI'

Report NP 4113 SR, July 1985.

; K. Vinjamuri, D. J. Osetok, and R. R. Hobbins, ' Fission Product Release Rates Measured During in-
Pile Fuel Damage Tests,' ANS Transactions. Vol. 46, June 1984, pp. 480 482.

Z. R. Martinson, R. D. McCormick, and D. J. Osetok, Severe Fuel Damane Test Series Test SFD 13
freeriment Doeratino Soeelfication. EGG Report, May 1984.

R. K. McCardell, Z. R. Martinson, R. D. McCormick, and D. J. Osetok, PBF CANDU Fuel Elergit
Lons of Coolant Accident Erneriment Quick Look Resort. EGG TF8P 6543, Ap.,1984.

R. K. McCardell, D. J. Osetek, et al., Severs Fuel Damane Test 1 1 Oulek Look Reoort. EGG
Report, October 1983.

K. Vinjamurl and D. J. Osetok, Results of the Severe Fuel Damane Scoolno Test Effluent Svatem
Samole Analvsen, EGG Report, October 1983.

D. J. Osetok, et al., ' lodine and Costum Behavior During the First Severe Fuel Damage Test,'
Proceedinos of International Meetino on Lloht Water Reactor Severe Aceldent Evaluation.
Cambridge, MA, August 28 September 1,1983.

D. J. Osetek, ' Application of Source Term Data Measured During PBF Fission Heated Tests,' White
Paper for NRC ACRS, June 1983.

D. W. Croucher, D. J. Osetek, et al., Fission Product Source Term Research in LOFT, FGG TFBP.
6196, March 1983.

R. M. Kumar and D. J. Osetok, RFKM, A Comouter Model for Calculation of Fission Product
Release Rate Constants in PBF Tests. EGG TFBP 5935, December 1982.

R. K. McCordell, D. J. Osetek, et al., Severe Fuel Damane Test Series Severe Fuel Damane Scoolno
'

Test Oulek look Reoort. EGG 2234, December 1982.

l

* ANS 1985 Literary Award

s
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| Daniel J. Osetek (continued)

, .

'

A. D. Appelhans, D. J. Osetok, et al., Severe Fuel Damane Series 2 Fission Product Behavior!
Measurement System Deslon Coneeot. EGG TFBP 6104, October 1982.'

G. E. Gruen, R. H. Smith, D. J. Osetok, et al., PBF Severa Fuel Damano Test Series Seonino Test
Eroariment Predictions. EGG TFBP 5774 Rev.1, October 1982.

D. J. Osetok, J. J. King, and R. M. Kumar, ' Fission Product Source Terms Measured During Fuel;

Damage Tests in the Power Burst Facility,' Proceedinna of ANS Intemational Meetino en Thermal'

Nuclear Reactor Safety. Chicago, IL, August . September 1982.

D. A. Petti, D. J. Osetok, D. W. Croucher, and J. K. Hartwell, 'The Feasibility of On Line Fuel |
'

Condition Monitoring,' Proceedinas_gf ANS International Meetino on Thermal Nuclear Reactor
Saftly, Chicago, IL, August September 1982.

4

B. J. Buescher, D. J. Osetok, and S. A. Ploger, ' Power Burst Facility Severe Fuel Damage Test ;

Series,' Proceedinos of ANS Conference on Fant. Thermal and Fualon Reactor Exoeriments. Salt
Lake Chy, Utah, April 12 15,1982.

D. A. Petti, S. T. Croney, and D. J. Osetek, Postirradiation todine Release from UO. Be.tne10
100*C and 7000C, EGG TFBP 5778, April 1982.

d

.

D. A. Petti, S. T. Croney, D. J. Osetok, and D. W. Croucher, 'Postirradiation lodine Release from
UD,6t Ambient Temperature,' Proceedinos of Trans Amerlean Nuclear Seeletv, Vol. 39, pp. 599-
600, November 1981.

D. J. Osetek, Finalen Product and Hydronen Monitorino Planned for the PBF Severe Fuel Damane
T.tals, EGG TFBP 5613, October 1981.

J. K. Hartwell, C. M. McCullaugh, P. D. Randolph, D. J. Osetok, and D. W. Croucher, Elsalon
Product Release From Fuel: A Biblionraohv. RE P 81065, September 1981.

D. J. Osetok, J. J. King, and D. W. Croucher, ' Fission Product Release Signatures for LWR Fuel
Rods Failed During PCM and RfA Transients,' ANS/ ENS Topical Meeting on Reactor Safety Aspects
of Fuel Behavior, Sun Valley, ID, ANS #700061, August 2 6,1981.

D. J. Osetek, D. W. Croucher, and J. J. King, ' Fission Product Signatures Measured During the PBF
Power Cooling Mismatch and Reactivity Initiated Accidents Experiments,' Enlarged Halden Program
Group Meeting on Water Reactor Fuel Performance, Hanko/, Norway, June 14 19,1981.

D. J. Osetok, R. R. Hobbins, B. J. Buescher, and B. A. Cook, ' Hydrogen Studies During PBf Severe
Fuel Damage Tests,' Workshop on the Impact of Hydrogen on Water Reactor Safety, Albuquerque,
NM, NUREG/CR 2017 SAND 810661, Vol.11 pp.163176, January 25 28,1981.

D. A. Petti, S. T. Croney, and D. J. Osetok, Proareas Reoort on Pontirradiation lodine Release from
UO. at Ambient Temoerature. EGG TFBP 5286, November 1980.

K. M. Schmitz, S. T. Croney, and D. J. Osetok, Postirradiation todine Release from UO. at Ambient
Temoerature. EGG TFBP 5203, July 1980.

D. J. Osetek and J. J. King, Fission Product Release From LWR Fuel Failed Durino PCM and Rf A
Transients. NUREGICR 1674, EGG 2058, October 1980.
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Daniel J. Osetek (continued)

A. D. Appelhans, E. Skattum, and D. J. Osetok, ' Fission Gas Release in LWR Fuel Measured During.

Nuclear Operation,' ANS/ ENS Topical Meeting on Thermal Reactor Safety, Knoxville, TN, CONF.'

800403, April 711,1980.

D. J. Osetok and J. J. King, 'Massurement of Fission Product Release During LWR Fuel Failure,'
'

IAEA Specialists Meeting on the Behavior of Defected Zirconium Alloy Clad Ceramic Fuelin Water
Cooled Reactors, Chalk River, Ontario, Canada, IWGFPT/6, September 1979.
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TABLE 2.3-19

-MONTHLY STABILITY CLASS. FREQUENCY DISTRIBUTIONS (IN PERCENT)

CALLAWAY PLANT UNITS 1 AND 2. REFORM. MISSOURI -

DATA SITE. COLUMBIA. MISSOURI
D1TA PER100. ( 959-t 969)

!
,

PAsoutLL-
i

TURNER
STABILITY
{ LASS JANUARY FEBRUARY MARCH AM tL MAY JUNE JULY AUGUST SEPTEMBER UCTOBER NOVEweER Derr*nER ANNUAL

A .o . .2 .2 .6 1.0 1.3 1.1 .2 .2 .o .o 4

8 .3 1.3 2.4 3.2 6.1 9.2 st.s 10.3. 6.3 4.0 .6 .6 4.7

'.
C .s.1 s.s 6.o 9.2 16.0 to.s 21.s 21.5 13.0 9.e 5.0 s.t 18.s

D a7.1 67.5 so.5 68.2 st.2 39.o 2e.s 30.0- 47.3 47.3 63.1 es.: 53.s

E to.7 14.7 14.7- 12.s as.s 17.1 17.7 19.o to.9 23.1 20.4 to.3 37.6

F e.7 30.0 e.2 6.5 10.2 ts.1 19.4 18.0 14.4 15.s 30.9 9.9 12.2

!
4

SOuRCEe
'

NATIONAL CLINATIC CENTER, UNDATED. Summary OF NOuRLY 06SERVATIONs, COLUMBIA MtssOum t 1959 19s91.
NATIONAL CLINATIC CENTER, ASHEVILLE. NCRTH CAROLINA, MAGNETIC TAPE.FOR STATION NO. 139 e 3.

!
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TABLE 2.3-20

JOINT WIND SPEED, WIND DIRECTION
FREQUENCY DISTRIBUTION (IN PERCENT)

BY STABILITY CLASS<

CALLAWAY PLANT UNITS 1 AND 2. REFORM. MISSOURI
UNION ELECTRIC COMPANY
DATA SITE: COLUMBIA. MISSOURI CIASS A

DATA PERIOD: ANNUAL. (1960-1969 )

SECTOR UPPER CLASS INTERVALS OF WIND SPEED (KNOTS) MEAN

2.s s.o 7.s 10.0 12.s 15.0 17.5 20.0 >20.0 TOTAL SPEED

NNE .o 3.4 .o .o .o .o .o .o .o 3.4 4.s

NE .o 1.7 .o .o .o .o .o .o .o 1.7 4.o

ENE . o 7. 8 .o .o .o .o .o .o .o 7.a 3.9

E .o 4.3 .o .o .o .o .o .o .o 4.3 3.e .

J

ESE .o 3.4 -.o .o .o .o .o .o .o 3.4 3.s

SE .o 2.6 .o .o .o .o .o .o .o 2.6 4.3

SSE' .o 4.3 .o .o .o .o .o .o .o 4.3 4.4 ;

S .9 5.2 .o .o .o .o .o .o .o 6.0 4.0 i

SSW .o 6.0 .o .o .o .o .o .o .o 6.0 4.6 |

SW .9 4.3 .o .o .o .o .o .o .o 5.2 3.s :

WSW .o 6.o .o .o .o .o .o .o .o 6.o 4.3 i

!

W .9 2.6 .o .o .o .o .o .o .o 3.4 3.s.

WNW- .o 4.3 .o .o .o .o .o .o .o 4.3 4.0 ,

'

NW- .o 4.3 .o .o .o .o .o .o .o 4.3 4.2

NNW .o 1.7 .o .o .o .o .o .o .o 1.7 4.s

N .o 7.e .o .o .o .o .o .o .o 7.e 4.6 .j

27.6 !CALM

TOTAL 2.6 69.8 .o .o .o .o .o .o .o t oo.o , s.o
= 0 jNUMBER OF INVALIO OBSERVATIONS

.
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TABLE 2.3-20 (continued) Sheet 2 of 6.

!

|
*

CALLAWAY PLANT UNITS 1 AND 2. REFORM. MISSOURI J
I

UNION ELECTRIC COMPANY
DATA SITE: COLUMBIA, MISSOURI CLASS B

DATA PERIOD: ANNU AL. (19 60-1969) 1

MEAN |
UPPER CLASS INTERVALS OF WIND SPEED (KNOTS)

.

SECTOR
2.5 5 .f) 7.5 10.0 12.5 15.0 17.5 20.0 >20.> TOTAL SPEED

NNE .o 43 1.o 4 .o .o .o .o .o 2.7 5.5

NL .1 1.2 11 .2 .o .o .o .o .o 2.6 5.2

ENE .1 2.4 2.0 .6 .o .o .o .o .o 5.1 5.5

E .1 1.9 3.o .2 .o .o .o .o .o 5.3 5.6

ESE .1 2.1 2.2 4 .o .o .o .o .o 4.7 5.6

SE .1 1.6 2.3 .5 .o .o. .o .o .o 4.6 5.7

SSE .1 19 3.5 1.0 .o .o .o .o .o 6.5 5.8

5 .2 3.3 6.0 13 .0 .o .0 .0 .o 10.8 5.9

SSW .1 2.5 5.0 1.1 .o .o .o .o .o 8.6 6.1

-SW .o 2.9 4.8 14 .o .0 .0 .o .o o.2 5.9

WSW .o 4.1 5.2 1.5 .o .o* .o .o .o 10.8 5.9

W .3 2.6 34 4 .o .o .o .o .o 6.7 5.4

-WNW .1 2.5 24 4 .o .o .o .0 .o 5.4 5.5

NW .1 1.8 19 .6 .o .0 .o .0 .o 4.4- 5.6

NNW .o 1.6 10 .3 .0 .o .o .o .o 2.9 5.2

N .4 2.1 18 .5 .o .o' .o .o .o 4.8 5.2
>

4.9
CALM

TOTAL 1.8 35.9 46.7 10.8 .o .o .0~ .o- .o 100.0 5.4 ,

NUMBER OF INVALIO OBSERVATIONS
* ~3
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TABLE 2.3-20 (continued) Sheet 3 of 6'

<

CALLAWAY PLANT UNITS 1 AND 2. REFORM MISSOURI
UNION ELECTRIC COMPANY
DATA SITE: COLUMBIA MISSOURI CIASS C

DATA PERIOD: ANNUAL. (1960-1969)

SECTOR UPPER CLASS INTERVALS OF WIND SPEED (KNOTS) MEAN i

2.s s.o 7.s 10.0*12.s 15.0 17.5 20 o >20.0 TOTAL SPEED

NNE .o .7 .7 1.6 .2 .1 .o .o .o 3.5 7.7 |

NE .o .9 .5 1.2 .2 .o .o .o .o 2.7 7.2 t

ENE .o 1.0 1.2 1.7 .3 .1 .o .o .o 4.3 7.5 |
E .o 1.0 .9 2.3 .1 .o .o .o .o 4.4 7.3 I

ESE .o 1.0 .7 2.8 .2 .1 .o .o .o 4.8 7.6 !

SE .o 1.4 1.3 2.9 .6 .1 .1 .o .o 6.4 7.9 |

SSE .o 1.0 2.0 5.0 .6 .1 .o .o .o e.7 a.o '

S .o 1.9 3.5 7.4 .9 4 .1 .s .o 14.4 a.1'

SSW .o 1.5 2.2 5.1 .8 .2 .o .o .o 9.7 a.o
SW .1 1.2 1. 6_ 4.0 4 .2 .0 .0 .o 7.5 e.0

.
'

WSW .o 1.4 1.8 4.5 .8 .4 .1 .1 .o 9.o a.3

W .o 1.3 1.6 2.7 .3 .2 .o .o .o 6.2 7.6

WNW .0 .6 12 2.6 4 .2 .o .o .o 5.1 6.3

NW .o 1.0 .7 2.2 .3 .1 .1 .o .o 4.7 8.3

NNW .o .8 .5 1.2 .2- .1 .1 .o .o 3.0 8.0

N .o 1.0 11 2.2 4 .1 .o .o .o 4.8 7.7
P

.7CALM ,

TOTAL .2 17.7 21 5 49.5 6.6 2.5 .8 4 .1 100.0 7.9

. NUMBER OF INVALID OBSERVATIONS = 0'

!
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TABLE 2.3-20 (continued) Sheet 4 of 6 i.:

o

CALLAWAY PLANT UNITS 1 AND 2, REFORM. MISSOURI
UNION ELECTRIC COMPANY
DATA SITE: COLUMBIA, MISSOURI CLASS D

DATA PERIOD: ANNUAL,(1960-1969)

SECTOR UPPER CLASS INTERVALS OF WIND SPEED (KNOTS) MEAN

2.B B.o 7.5 10.0 12.5 1s.o 17.s 20.o >20.0 TOTAL SPEED

NNE .o .3 4 1.3 .s .a .3 .2 .o 4.2 11.0

NE .o 4 .5 1.4 .a .6 .1 .1 .0 3.9 10.2

ENE .o .4 .e 1.s .7 .7 .1 .1 .o 4.7 9.6

E .o .5 .e 1.7 .7 .6 .1 .1 .o 4.4 9.6 - :

ESE .o 4 .9 2.1 1.3 11 .3 .1 .o 6.1 10.3

SE .o 4 .a 2.6 1.s 16 .5 .2 .0 7.8 11.0 |

SSE .o 4 10 3.1 1.9 21 .5 .2 ,s 9.3 10.9'

S .o .6 1.8 3.6 2.3 25 .6 4 .1 11 8 10.8

SSW .o .4 .7 1.6 11 1.2 .3 .2 .o 5.s to.s

SW .o 4 .5 .9 .6 .7 .2 .1 .o 3.5 10.5

WSW .o 4 .7 11 .9 1.0 .4 .3 .1 4.9 11.4
'

W .0 4 .5 1.1 .8 1.1 .3 4 .1 4.7 11.6

WNW .o 4 .5 1.3 14 2.1 .9 .9 4 7.9 13.1

NW .o .2 .4 1.4 1.4 2.3 1.3 1.3 .5 8.8 13.9

NNW .o .3 .4 1.0 1.0 1.5 .7 .7 .2 5.8 12.9 .i . '

N .o .4 .7 16 1.1 1.3 .5 .5 .1 6.2 11.6

4
CALM

TOTAL .1 6.3 11.4 27.6 18.5 21.2 7.1 5.8 1.7 100.0 11.3 q

NUMBER OF-INVALIO OBSERVATIONS = 17
.
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TABLE 2.3-20 (continued) Sheet 5 of 6 |
.

1

4

CALLAWAY PLANT' UNITS 1 AND 2. REFORM. MISSOURI i

IUNION ELECTRIC COMPANY
DATA SITE: COLUMBIA. MISSOURI CLASS E i

'

OATA PERIOD: ANNU AL . ( 19 6 0- 19 6 9)

SECTOR UPPER CLASS INTERVALS OF WIND SPEED (KNOT $) MEAN

2.s s.o 7.s 10.0 12.5 1s.0 17.s 20.0 >20.0 TOTAL SPEED

J
NNE- .o .5 13 1.s .o .o .o .o .o 3.2 7.3

NE .o .6 1.0 1.1 .o .0 .0 .0 .o 2.8 7.0 1

ENE .o 1.1 2.0 1.1 .o .o .o .o .o 4.2 6.7

E .o 1.3 1.s 2.9 .o .o .o .o .o s.o 6.9

ESE .o .7 2.o 3.4 .o .o .o .o .o 6.1 7.7

SE .o .7 2.1 s.3 .o .o .o .o .o s.2 7.9

SSE .o .9 4.o- 7.1 .o .o .o .o .o 12.0 7.9

5 .o 17 6.1 9.9 .o .o .o .o .o 17.6 7.7 ,

SSW .o .9 2.9 3.7 .o .0 .o .o .o 7.4 7.5

SW .o .6 1.4 2.4 .o .o .o .o .o 4.3 7.5

WSW .o .7 19 3.1 .o .o .o .o .o 5.7 7.6 <

W .0 .9 1.9 2.4 .0 .o .o .o .o 5.3 7.2

WNW .o .6 17 3.3 .o .0 .o .0 .o 5.5 7.e

NW .o .4 1.0 3.6 .o .o .0 .o .0 5.1 8.2

NNW-. .o 4 .9 2.3 .o .0 .o .o .o 3.6 7.8-

N .o .7 14 1.8 .o .o .o .o .o 4.0 7.3
.

.oCALM

. TOTAL .o 12.s 33.3 53.9 .o .o .o .o .o 100.0 7.5

NUMBER OF INVAL10 OBSERVATIONS = 0
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TABLE 2.3-20 (continued) Sheet 6 of 6s

,

CALLAWAY PLANT UNITS 1 AND 2. REFORM, MISSDURI
UNION ELECTRIC COMPANY
DATA SITE: COLUMBIA. MISSOURI CLASS T

DATA PERIOD: ANNUAL.( 1960-1969)

SECTOR UPPER CLASS INTERVALS OF WIND SPEED (KNOTS) ME All

2.5 t.o 7.5 10.0 12.s is.o.17.s 20.0 >20.0 TOTAL SPEED

NNE .1 3.2 1.5 .o .o .o .o .o .o 4.9 4.7 t

NE .1 3.1 1.7 .o .o .o .o .o .o 4.9 4.8 |

ENE .2 4.3 2.3 .o .o .o .o .o .o 6.8 4.8 i

-E .2 4.e 2 ,3 .o .o .o .o .o .o 7.9 4.9 |

ESE. .1 2.4 e.o .o .o .o .o .o .o 4.5 5.1 |

SE' .1 2.6 16- .o .o .o .o .o .o 4.3 4.9 |

SSE .1 3.0 4.1 .o .o .o .o .o .o 7.2 5.3 !

1

S .2 6.5 5.3 .0 .o .o .o .o .0 12.0 5.1
!

SSW .1 3.5 2.7 .o .o .o .o .o .o 6.3 5.1

SW .1 3.6 2.3 .o .o .o .o .o .o 6.o 4.9

WSW .1 3.4 2.4 .o .o .o .o .o .0 5.9 4.9

W- .2 3.5 2.4 .o .o .o .o .o .0 6.1 4.9

WNW .o 3.0 1.9 .o .o .o .o .o .o 5.0 4.9

NW .1 2.0 los .o .o .o .o .o .o 3.6 4.8

NNW .1 1.9 10 .o .o .o .o .o .o 3.0 4.6 i

N .0 3.7 2.1 .o .o .. o .o .o .0 5.8 4.9 .

5.9
CALM

TOTAL 17 54.6 37.8 .o .o .o .o .o .o 100.0 4.6

flUMBER OF INVALID OBSERVATIONS = o
,

s

u

u.

1

-

.. .

4


