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Abstracts

Abstracts

COMPUTATIONAL MODLq.JNG

0. R.Peterey,Manager)

Engineering Modeling

Thermal Evaluation of the 9965, 9966, 9967, and 9968 Shipping Packages - J. W. Jerrell ......... 6
' Thermal analyses have shown that a single mass source in a shipping drum will produce

a higher maximum temperature for the cane fiberboard than will a source that is evenly
distributed throughout the primary containment vessel. Revised analyses for the 9965,

" 9968, and 9972 through 9975 drums are being completed.

Structural Analysis of Closure Cap Barriers - A Pre-test Study for the Bentonite Mat
Demonstration Project - Chung Gong ............................................... 6

The PreTest numerical modeling of the Bentonite Mat Demonstration Project (BMDP) has
been completed. A technical report on the numerical modeling of the BMDP composite
clay cap is now in the review process.

Process Simulation

High Level Waste Simulation Package - M.V. Gregory ....................................... .7
The effort to expand the "skeleton" SPEEDUP® High Level Waste Flowsheet Model is sol-
idly underway. The next major deliverable to the customer is expected in June 1994.

Integrated High Level Waste System Flowsheet Model (HLWSF) Support-IC L. Shanahan ....... .8
i During November, a Purchase Requisition was assembled and walked through for the pur-

chase of an RS/Series products license package for the two RS/6000 cluster used in the HL-
WSF Modeling effort.

Dynamic Batch Model of the DWPF - IL A. Dimenna and F. G. Smith, HI ................... ...8
A dynamic model of mass transfers among some of the major tanks in the DWPF was de-
veloped to characterize the performance of the facility as a function of input conditions,
output requirements, process controls, and time. The model was developed with SPEED-
UP® and provides a framework within which continued development of a detailed DWPF
model will proceed.

APPLIED STATISTICS

(R. C, Tucldield, Manager)

Statistical Analysis of WP-19 Sampler Data - C. P. Reeve ...................................... .9
The statistical analysis of the WP-19 sampler test on four DWPF tanks has been completed.
The greatest disparity between samplers occurred in the SME where elemental differences
as high as 11% were observed.

APPLIED PHYSICS

" (C. E. Apperson, Manager)

Criticality Methods and Analysis

Criticality Code Validation - E. F. Trumble and J. B. Justice ............................... 10
Work on Phase Iof the Lawrence Livermore Plutonium Button experiments, which was re-
ported earlier, was defended at the 5th meeting of the Criticality Safety Benchmark Evalu-
ation Working Group meeting in San Francisco in November.
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JS0 Criticality Codes Certification - D. Blswas, S. Y. Lee, C. E. Boman, R. E. Grove, J. I-L
Hightower, and R. L. Reed ........................................... .10

Work b continuing on the JS0 Criticality Code User's Manual and ]80

100 Area Fuel Consolidation Support Activities - R. L Reed and S. Y, Lee .................. .10
Preliminary calculations for increased storage in Horizontal Storage racks in Disassembly
indicate that rack storage can be increased 50% with the addition of a grating over the
racks. Final calculations have been initiated.

Technical Review:. Disassembly Basin Sludge Cleanup in K Area - R. L Reed .............. .11
Review of the RED evaluation (WSRC-TR-93-613) of the criticality potential associated
with sludge removal activities in the K Disassembly basin has been initiated.

Technical Review:. C,_dticalityAspects of Sand Filter and Associated Settler Tank - R. L.
Reed ................................................................ .11

Review of the RED evaluation (WSRC-TR-93-614) of the criticality potential associated
with operation of the sand filter and associated settler tank for the K Disassembly basin
has been initiated.

Technical Review:. NCSE for 320-M Laboratory Enriched Uranium Operations .............. 11
Review of NCSE # 251 (WSRC-RP-93-320-_1) has been initiated with comments to the au-
thor.

Westinghouse Nuclear Fuels Facility - S. K. Skiles, C. E. Boman, P. J. Ves¢ovi, and J. F.
Mincey ...................................................................... 12

The sales contract to authorize criticality safety work in support of the Westinghouse Co-
lumbia S.C. Nuclear Fuels Facility was approved. Work was started to develop a double
contingency policy for the Columbia facility and train three APC engineers. These engi-
neers will report for work at Columbia on a full-time basis starting I/4/94.

Work In Support Of The E-Vault SAR - J. F. Mince),, R. L Reed, and T. G. Williamson ........ .12
The E-Vault SAP. review indicated work was needed before that facility was operated to
address double contingency in a credible manner and to develop critical mass equivalence
relations with U-235 for isotopes other than Pu-239.

DWPF Nuclear Criticality Safety Analyses and Evaluations - R. W. Rathbun and T. G,
WiUiamson .................................................................. .12

A draft Nuclear Criticality Safety Analysis (WSRC-RP-93-692) was reviewed against the
criteria in WSRC-IM-93-13 and comments returned to the author. In addition, the support-
ing Nuclear Criticality Safety Evaluations (NCSEs) are being reviewed. The NCSEs had to
be revise<_as a result of changes to the DWPF process.

Plutonium Disposition Study

Plutonium Burner Support- R. W. Rathbun and D. Biswas ............................... 13
WSRC is supporting WEC with PDR600 core physics predictions for the Phase I-C effort.
Compatibility of increased enrichment loadings (6.6% Pu) was demonstrated. Tritium pro-
duction capability was also predicted. Documentation of core physics efforts is being gen-
erated to meet mid-December report milestone to WEC.

HXPERIM][_'_AL THERMAL HYDRAULICS
(D. R. Muhlbaier, Manager)

Enhanced Waste-Tank Level Model - M. R. Duignan ...................................... 14
Modeling of environmental effects on the waste level in the waste tank located in H-area
continued.
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ITP Mixing Study - D. A. Eghbali .......................................... .14
A number of Computational Fluid Dynamic Codes, including FiDAP, have been utilized
for better understanding of the mixing characteristics during waste storage and treatment.
Tank 51 is a waste storage tank which utilizes four submerged mixing pumps, located at
the bottom of the tank, to sustain uniform mixing of the slurry inside the tank. The objec-
tive of this work is to develop a computational model which can simulate the mixing char-
acteristics inside Tank 51.

Spent Fuel Dry Storage Development, Rig Design - M. D. Fowley ........................ ..14
• Prelim/nary design has begun of the test section for the single fuel element tests. This test

will develop some basic data for detailed modeling of the fuel element.

Pilot-Scale Demonstration of HEME Dissolution Process - Z. I-LQureshi ................... AS
The High Efficiency Mist Eliminators (HEME) used in the melter feed preparation process-
es will be dissolved in a caustic solution for their ultimate disposal. A pilot-scale demon-
strat/on of this dissolution process will be conducted in the Thermal-Fluids Lab. This task
is scheduled to be complete by June 94.

ITPFilterReplacementActivity-A.C.Smith .........................................16
This task will establish the capability to replace the _ filter and dispose of the unuseable
filter.

Investigating Level Indicating Devices - T. L. Spatz ...................................... .16
The density and height of constituents in the mixing tanks are currently measured with a
diaphragmed bubbler device known as a HoUedge probe. During testing with simulant
sludge traditional bubblers encountered plugging problems. The purpose of this task is to
search the available literature for the state-of-the-art in level indicators. This literature
search will incorporate Holledge probes, modifying traditional Bubblers, and more.

Literature Search in Support of Foaming Concerns - T.L. Spatz ................................... A6
Tests of waste simulants in the SRAT and SME tanks have shown that boiling off water to
concentrate the contents causes excessive foaming. The purpose of this task is to search the
available literature foranti-foaming agents, or solutions to the foaming problem in general.
The hope is that within the nuclear or chemical industries someone has encountered a sire-
ilar foaming problem and published their findings.

Cross-Flow Filter Test - J. L. Steimke and C. M. Hart .......................................... 16
In preparation for delivery to the Defense Waste Processing Facility, slurry from Tank 49
will be washed in a process that uses a cross-flow filter in a vertical orientation. Most of
the flow passes through the porous tubes of the filter in the axial direction. A small part of
the flow is driven through the porous membrane of the tubes by a pressure difference. Fil-
trate collects in the shell around the porous tubes and is coUected.

PACKAGING AND TRANSPORTATION
(E. K. Opperman, Manager)

Type A Packaging For Sample Liquids (Door Stop} - D. S. Hoang and R. 5. Mauler ................. 18
• The preliminary package design drawings of the Type A Doorstop Packaging were com-

pleted. The Functional Design Criteria (FDC) and Task Plan were completed and sent to
the ITP customer.

d

ITP Filter Box Safety Assessment - A. G, Eggers and P. S. Blanton .................................. 18
P&TGhas completed a first draft of the report titled '_.,afetyAssessment-Onsite Transfer of
the ITP Failed Filter Containment Box", WSRC-TR-93-653. This report meets the require-
ments of the 19Q Manual, Procedure 1.04 which became effective 9/30/93, and demon-
strates that safety equivalent to DOT will be provided for this movement.
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9965/68 Cerl_cate Renewal Process- G. CadelU .................................... .19
In response to DOE-HQ (EH 33.2) review of the 9965-68 Safety Analysis Report for Pack-
aging (SARP), the Packaging & Transportation Group is involved in package testing and
computer analysis to answer the 150 questions received. The responses and SARP revision
will be part of the application for recertification of six radioactive material shipping pack-
ages.

5320 Operation & Fabrication - M. A. Whitney and A. G, Euers ........................ .19
As Cognizant Technical Function (CTF) and Design Agency for radioactive material trans-
port packaging that have originated from SRS, it is the responsibility of the Packaging &
Transportation Group (P&T) to give ongoing technical support to all users of these pack-
agings. The 5320 packing is a plutonium shipping container that is used throughout the
DOE complex.
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Travel

Nov. 14 M.R. Buckner, D. Biswas, K. A. Niemer, E. F. 'lYumble,R. E. Pevey, R. _..Grove, and T. G.
Willlamsonattended the American Nuclear Society Winter Meeting in San Francisco, CA.

Nov. 15-19 J.C. Whitehouse attended the short course 'Tuzzy Logic Interference" in Arlington, VA.

. Nov. 16 H.N. Guerrero attended DOE/OCRWM Workshop on Multi-PurposeCanisters.

Nov. 17 A.G. Eggers, a member, and M. Van Alstine, an alternate member, participated in the
November 1993 meeting of the ASME Subgroup on Design Analysis (SGDA) held in

" Atlanta, GA. They had submitted preliminary rules for allowable local thin areas in Sec-
tion VIII-I vessels. Based on meeting discussion, they will perform additional work on
this issue. The next SGDA meeting is February 1994.

Nov. 18 M.A. Shadday Jr.presented a paper "A Model of the Control Rod Housing Overflow Inci-
dent in a Savannah River Production Reactor"at the American Nuclear Society (ANS)
Winter Annual Meeting held in San Francisco, CA.

Nov. 28-

Dec. 3 P. Lam presented a paper "Acceptance Criteria for In-Service Inspection of Heat i
Exchanger Head and Shell Components"at the ASIV_ Winter Annual Meeting held in
New Orleans, LA. The papers was published in ASME AD*Vol.36 "Fatigue and Fracture
of Aerospace Structural Materials" by the Aerospace Division, ASM_.

Publications

K. L Shanahan'spaper "Discreteevent simulationof ananalyticallaboratory" waspub-
lished in Analytica Ch/mica Acta, 282 (1993) 679-685 by Elsevier Science Publishers B. V.,
Amsterdam.

M. C. Morrison, J.S. Brenizer, and T.G. Williamson, "An Epithermal Technique to Resolve
Activation Interferences," Journal of Radioanalytical and Nuclear Chemistry, 167 (1) 45-
54,(1993).

Presentations

Nov. 10 J.C. Whitehouse presented a paper entitled "Performance Degradation of a Large Produc-
tion Reactor Recirculation Pump During Off-Design Conditions" at the ASME Rotating
Machinery Conference held in Somerset, NJ.

Nov. 14-18 Presentations at the American Nuclear Society Winter Meeting held in San Francisco, CA:

K. A. Niemer, "Development of a New Physics Data Library for the SItS Reactors."

M. R. Buckner, "Ability of SRS to Support Plutonium Disposition Options."

T.G. Williamson and J. F.Mincey, "Criticality Safety Engineer Training at WSRC."

' D. Biswas, "Characteristics of a 100% MOX Fueled PWR Design for Weapons Plutonium
Disposition."

. R.E. Grove, "A_al Distribution of Fuel and TargetMaterials in SRS Mark 22Assemblies."

R. E. Pevey, "GRIMH3: A New Reactor Calculation Code at Savannah River Site."

Nov. 19 E.F. Trumble gave a presentation at the 5th meeting of the Nuclear Criticality Safety
_BenchmarkEvaluation Working Group on the Plutonium Button Benchmark Evaluation
held in San Francisco, CA.
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COMPUTATIONAL MODELING

O.R.relh, Manager)
I

EnKineerin KModeling

Themml Evaluation of the 9965, 9966, 9967, and 9968 Shipping Packages - J. w. Jerrell

Customer:. Packaging and Transportation Group

Abstract: Thermal analyseshave shown that a single mass source in a shipping drum will produce a higher maxi-
mum temperature for the canefiberboard than will a source that is evenly distributed throughout the,pri-
maW containment vessel. Revised analyses for the 9965, 9968, and 9972 through 9975 drums are being
completed.

Previous analyses of the 9965 through 9968 and 9972 through 9975 shipping packages have assumed
that the heat source was equally divided into two separate sources located in both the upper and
lower cans. It is possible, however, that the source may be a single mass. Furthermore, the mass may
be located at the top of the primary containment vessel (PCV) close to the seal. Heat transfer from the
single mass will be more concentrated to a localized region. Since the maximum permissible cane
fiberboard temperature is 250° F, the single mass may require using a smaller heat loading than is cur-
rently accepted. A series of analyses has been completed for the 9965 drum to determine the effect of
the source distribution on the temperature profile of the cane fiberboard insulation. Four geometries
for the source loading condition have been evaluated: (1) Single mass within an inverted drum; (2)
Powder Lmiformly distributed in the PCV; (3) Two tuna cans in an inverted drum; (4) Two tuna cans
in a fight-side up drun_

The worst possible shipping arrangement from a thermal standpoint is found with an inverted drum
and a point source located at the top of the PCN. This arrangement maximizes the PCV seal tempera-
tuneand temperature of the nearby cane fiberboard. Therefore, this arrangement must be analyzed for
the 9965, 9968 and 9972 through 9975 shipping packages.

Structural Analysis of Closure Cap Barriers - A Pre-test Study for the Bentonite Mat Demonstration
Project- Chung Gong

Customer:. Environmental Restoration Department

Abstract: The Pre-Test numeriml modeling of the Bentonite Mat Demonstration Project (BMDP) has been com-
pleted. A technical report on the numerical modeling of the BMDP composite clay cap is now in the
review process.

The Bentonite Mat Demonstration Project (BIVlDP)is a field demonstration study to determine the con-
struction / installation requirements, penneabili_, and subsidence performance characteristics of a
composite barrier. The composite barrier will consist of on-s/te sandy-clay blanketed by a bentonite
mat and a flexible High Density Polyethylene (HDPE) liner (also called flexible membrane liner). Con-
struction of one control test pad and three bentonite test pads are planned. The control test pad will be
used to establish baseline data. Underneath the composite clay cap is a four-foot loose sand layer in
which cavities will be created by evacuation of sand.

The present work provides a mathematical model tot the BMDP. The mathematical model will be
used to simulate the mechanical and structural responses of the composite clay cap during the testing

processes. Based upon engineeringexperienceand technical references, a set of nominal soil parame-
ters have been selected. Currently, detailed soil test data and cavity configuration data are not avail-
able to validate the mathenmtical model. Since the configuration of the cavities created in the testing

Applied Technology 6
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process is irregular and unpredictable, two extreme configurations are considered in this mathemati-
cal model, viz., the circular cavity and the infinitely long trench in the sand underneath the cap. This
approach will provide bounds for the testing results.

In the literature, soil structures particularly clay caps are usually analyzed with linear elastidty theory.
The composite day caps constructed in the BMDP with various compositions of soils and loose sands
are more plastic than elastic in mechanical responses. Large irrecoverable deformation is expected in
the cap system with the soils experiencing _dous distortion. The different responses of soil in
tension and compression contribute to the deformation pattern of the cap system. Therefore incre-

. mental plasticity theory as well as pressure and tension-compression dependent yielding criteria must
be applied to this analysis.

. This problem possesses both geometrical and constitutional nonlinearities. The finite element analysis
technique is applied to solve this type of problem. A commercial code, ABAQUS@ that is formulated
with the incremental plastidty theory and the Drucker-Prager / Cap plasticity model, is used to per-
form the numerical computations,

An axially symmetric model is constructed for the cap covering circular cavities, whereas a plane
strain model is used for the cap bridging the trenches. The two dimensional finite element mesh for
both models is identical. Each solid element is about six-inch square for the soils, The flexible mem-
brane liner is meshed with shell elements. The total number of elements is about 1000 that varies with
the size of the cavities in the sand. The responses of the cap are calculated for a wide range of cavity
sizes of both models. The diameter of circular cavities ranges from 3-feet to 12-feet and the width of
the trenches from 3-feet to 10-feet.

The loads upon the cap system are gravity and a 2 psi pressure on the top surface of the cap.

Process Simulation

High Level Waste Simulation Package - M.v. Gregory

Customer:. High Level Waste .Management Division

Abstract: The effort to expand the "skeleton" SPEEDUP@ High Level WasteFlowsheet Model is solidly under-
way. The next majordeliverable to the customer isexpected in June 1994.

With the completion of the "skeleton" High Level Waste Flowsheet Model reported last month, efforts
immediately turned to adding more flesh to the bones. The Flowsheet Model Team, following the lead
of the customer's representatives, reviewed and commented on the Software Requirements Specifica-
tion (SRS) which defines the model enhancements to be implemented in the next phase. A standard
stream component structure was defined which simultaneously provides the level of detail required
by the customer and takes advantage of SPEEDUP@ features which allow easy model upgrades in the
future. Some model details required by the SRS but not in the skeleton model were added: batched
slurry transfer from Extended Sludge Processing tanks to the Defense Waste Processing Facility, slurry
pump seal leak modeling capabilities, and a time-dependent sludge setting model.

" Work was initiated to upgrade the entire skeleton model from eight to 26 chemical components. Other
Flowsheet Model Team members took responsibility to fill in specific blackboxes in the skeleton
model. The final product will be the Phase 1 model specified by the customer's SRS. Integration of all

" the new model pieces will occur by March 1994, with an initial running version of the full Phase 1
Flowsheet Model to be delivered to the customer for early testing in June 1994. Turnover to the cus-
tomer of the completed Phase I model, with full documentation, is expected by September 1994.
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Integrated High Level Waste System Flowsheet Model (HLWSF) Support - K. L. Shanahan

Customer: High Level Waste Management Division

Abstract:DuringNovember,aPurchaseRequisitionwasassembledandwalkedthroughforthepurchaseofanR$/
Series products license packagefor the two R5/6000 cluster used in the HLWSF Modeling effort.

The FILWSFmodeling team has agreed initially to use RS/1 and related products as the software
product of choice for constructing simulation control files. These ASCII files are constructed from RS/
I tables that hold all nec_aary information required by the simulation code. That information is gath-
ered fromtheuserviaaseriesofquestionsand/ortableeditingsessions.The RPL languageisusedto
constructtheproceduresforcollectingtheinformationand writingittofiles.

A PurchaseRequisitionwas deliven_ltoBrookhavenon 11/23.The PR consolidatestwo existingRS/
Seriesproductslicensesintoone,andconvertstoBBN'snew concurrent-userbasedlicensingstrategy.
By reducingthenumber ofconcurrentusersdown fromthemaximum allowedby theconversion,a
costsavingson annualmaintenancefeeswillbe realized.

The finalconfigurationtobe installedon theRS/6(X)0clusteris:4 concurrentRS]I usersallowed
(reducedfrom6),2 RSIExploreusers(reducedfrom6),2RSIDecisionusers(increasedfromI),1PSI
Discoveruser,1PS]1Contourplotsuser,1QCAII user,and I RPL Toolkituser.

Theannualmaintenancefeeon thislicensewillbe$3800,down fromanestimatedmaintenancefeeof
$11,000annuallyforthetwo separateoriginallicenses.Maintenancecostsarebeingpaidforby IWT
section,andlicenseconversion/addedusercostsby AT section.

Dynamic Batch Model of the DWPF - R. A. Dimenna and F.G. Smith, Ill

Customer. DWPT

Abstract: A dynamic model of mass transfers among some of the major tanks in the DWPF was developed to char-
acterize the performance of the facility as a function of input conditions, output requirements, process
controls, and time. The modelwas developedwith SPEEDUP@and provides a framework within which
continued development ofa detailed D WPFmodel will proceed.

A dynamic model of some of the major tanks in the DWPF was developed to characterize the perfor-
mance of the facility as a function of input conditions, output requirements, process controls, and time.
The model was developed with SPEEDUP@,an equation solving program which accepts user input in
the form of the mathematical relationships describing the system, converts the input to FORTRAN,
and solves the system of equations.

Work during the past month focused on extending the model to incorporate additional tanks. A sig-
nificant part of this extension was to review the control logic to ensure it was both accurate and robust.
It was found to be unacceptably sensitive to changing model configurations to the extent that compu-
tational failures were common. A review of the control logic resulted in reformulating the batch con-
trols to provide a simulation that was both accurate and robust. This effort is still in progress.
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APPLIED STATISTICS
(R. C. Taddield, Manager)

L_ I Ill I Ill It Ill IIlllI It I I I

Statistical Analysis of WP-19 Sampler Data- C. P.Reeve

Customer:. DWPTIDWPF

" Abstract: The statistical analysis of the WP-19 sampler test on [our DWPF tanks has been completed. The greatest
disparity between samplers occurred in the $ME where elemental differences as high as 11% were
observed.

The WP-19 sampler test called for samples to be drawn from four DWPF tanks during Cold Chemical
Runs - the PRBT,SRAT,SME, and MFT. The primary goals of the test were to estimate the precision
and accuracy of the Hydrasard prototypic liquid sampler with respect to grab samples taken at a low
elevation, and to estimate tank homogeneity by contrasting grab samples taken at a high elevation
with those taken at a low elevation.

The PRBT and SRAT data showed little significant difference between sampler methods. The SME
data showed that, relative to the low grab sampler, the Hydragard was about 11%higher in concentra-
tion of sludge elements and about 3%lower in concentration of flit elements. The high grab sampler
showed the same pattern with respect to the low grab sampler, but the magnitudes of the differences
were only about 40% as much. The MFTdata showed about the same pattern as the SME data except
the magnitudes were only about 60%as great.
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APPLIED I'HYSICS

(C. E. Apperson, Manager)
Sl I I I I I I I I III

Criticality Methods and Analysis

#

Criticality Code Validation - E. F.Trumble and J. B. Justice

Customer:. C.E. Apperson, AI'G

Abstract: Work on Phase I of the Lawrence LivermorePlutonium Button experiments, which was reportedearlier,
was defended at the 5th meeting of the Criticality Safety Benchmark Evaluation Working Group meeting
in San Francisco in November.

Specific comments pertaining to the draft evaluation will be incorporated and the evaluation re-
issued. Upon completion, this evaluation will be included with others generated from around the
DOE complex in a DOE Handbook on Nuclear Criticality Safety Benchmarks.

Work is continuing on the development of a second evaluation dealing with Phase ILland HI of these
experiments. The current emphasis is to determine the calculational uncertainty associated with
assumptions made in developing the benchmark description.

JS0 Criticality Codes Certification - D. Biswas, S. Y. Lee, C. E. Boman, R. E. Grove, J. H. Hightower, and
R. L. Reed

Customer:. C.E. Apperson, APG

Abstract: Workis continuing on the JSOCriticality Code User's Manual and J80

The incomplete sections of the J80User's Manual on ANISN and KOKO-KATISHA-POOHBAH have
been completed as Rev 0. KENO and Twoq'RAN sections are still incomplete. Work is continuing to
add additional example problems in some sections as per reviewer's comments. Independent review
of the JS0 Criticality Code Manual has been initiated. Extensive comments about the section on MGBS
have been provided. Many comments on MGBShave centered around effectiveness of the Manual sec-
tions as an aid to users of the code. These comments are being incorporated in the manual.

Conversion of the JT0 KENO code to the JS0 JOSHUA operating system has been completed and the
J80 version is protected in SCMS TEST status for formal certification testing. Test results indicate that
the conversion process was successful. Documentation of the test results in the 'KENO Test Report' is
in progress.

A version of TWOTRAN that was imported from RSIC, has been converted to Fortran 77 and repro-
grammed to accept input from J80 JOSHUA records so that it functionally resemble the JT0 version.
Work is continuing on testing this J80 version of TWOTRAN.

100 Area Fuel Consolidation Support Activities - R. L Reed and S. Y. Lee

Customer:. Marc Rosser (RRD/RED)

Abstract: Preliminary calculations for increased storage in Horizontal Storage racks in Disassembly indicate that
rack storage can be incrm_ 50% with the addition of a grating over the racks. Final calculations have
been initiated.

Proposals have been made (and are being studied) to increase the fuel storage capability in both
Assembly Area and Disassembly Area of 105-K. SRT-CMA-930062 examined aspects of criticality
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potential for Mark 22 assemblies following damage to borated concrete fuel storage racks in Assembly
(See September Monthly).

Means of increasing the Disassembly capacity for fuel storage include increasing the number of assem-
blies stored in a slot in the horizontal storage racks. Under task plan TP 93-006-I-E-I, APG has exam-
ined the changes in subcriticality margin from current storage configurations and the means proposed
to ensure maintenance of a minimum margin of safety. RED has proposed that a grating be placed
above the horizontal storage racks to prevent a dropped fuel bundle from increasing the reactivity of
the filled storage racks. Preliminary calculations (HRXN-KENO and MGBS-TGAL) indicate that a

• grating that will maintain a spacing of one foot or more between the storage array and a dropped fuel
bundle is adequate to maintain subcriticality. Final MGBS-TGALand I4RXN-KENO calculations are
being initiated. Drafting of the n_ort has been initiated.

Technical Review: Disassembly Basin Sludge Cleanup in K Area - R. L. Reed

Customer:. M.A. Rosser (RED)

Abstract: Review of the RED evaluation (WSRC-TR-93-613) of the criticality potential associated with sludge
removal activities in the K Disassembly basin has beeninitiated.

The sludge sample results for K Disassembly Basin were evaluated by RED with the same methodol-
ogy previously employed in RRD-RED-930306 to show that sludge removal in K Disassembly is criti-
cally safe. Sufficient fissile mass is in K Disassembly Basin sludge to support a critical situation, but
the evaluation shows that probable concentrations of fissile material are insufficient to support critical-
ity and that the neutron absorptive characteristics of other materials in the sludge provide further
margins of safety. The APG review of the RED documentation has been initiated.

Technical Review: Criticality Aspects of Sand Filter and Associated Settler Tank - R. L. Reed

Customer:. M.A. Rosser (RED)

Abstract: Review of the RED evaluation (WSRC-TR-93-614) of the criticality potential associated with operation
of the sand filter and associated settler tank for the K Disassembly basin has been initiated.

Questions were recently raised about the criticality safety of the sand filter and settler tank system
used to clean up particulates from the Disassembly basin water, especially in consideration of the
sludge sample analyses that indicate total fissile masses in the sludge exceed critical mass limits. APG
has consulted with RED personnel about conditions to consider in the evaluation. The APG review of
the RED documentation has been initiated.

Technical Review: NCSE for 320-M Laboratory Enriched Uranium Operations

Customer. R.H. Ross (NMP)

Abstract: Review of NCSE # 251 (WSRC-RP-93-320-251) has beeninitiated with comments to the author.

During 300 CAC reviews of 320-M Laborator operations, questions about conflicts and inconsistency
between Technical Standards, procedural requirements, and practices were raised.

The NCSE was written to provide a basis for the limits that are to be employed. Preliminary com-
ments have been forwarded to the author for resolution.

I
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Westinghouse Nuclear Fuels Facility - S. K. Sidles, C. F..Boman, P.J. Vescovi, and J. F. Mincey

Customer:. Westinghouse Commercial Nuclear Fuels

Abstract: The sales contract _toauthorize criticality safety work in support of the Westinghouse Columbia S.C.
Nuclear Fuels Facility was approved. Work was started to develop a double contingency policy for the
Columbia facility and train three APG engineers. These engineers will report for work at Columbia on a
full-time basis starting 1/4/94.

Formal approval to begin criticality safety work in support of the Westinghouse Nuclear Fuel Fabrica-
tion Facility near Columbia S.C. was received U/23/93.

Work currently in progress includes development of a double contingency policy that will be the basis
for formal safety analyses at that facility. Also started was the training of three APG engineers to assist
in performing criticality safety analyses to this policy. These three engineers will be loaned to Colum-
bia for at least 8 months and report to work at that facility starting 1/4/94.

Work In Support Of The E-Vault SAR - J. F. Mince_ R. L. Reed, and T. G. Williamson

Customer:. Solid Waste Division

Abstract: The E-Vault SAR review indicated work was needed before that facility was operated to address double
contingency in a crediblemanner and to devdop critical mass equivalence relations with U-235 for iso-
topes other than Pu-239.

The E-Vault SAR review indicated work was needed before that facility was operated to"address dou-
ble contingency in a credible manner and to develop critical mass equivalence relations with U-235 for
isotopes other than Pu-239.

Planning for both these efforts with Solid Waste is in the final stsges.

DWPF Nuclear Criticality Safety Analyses and Evaluations - R. W. RafiCnun and 1".G. Wflliamson

Customer:. Savannah River Technology Center

Abstract: A draft Nuclear Criticality Safety Analysis (WSRC-RP-93-692) was reviewed against the criteria in
WSRC-IM-93-13 and comments returned to the author. In addition, the supporting Nuclear Criticality
SafetyEvaluations (NCSEs) are being reviewed. The NCSEs had to be revised as a result of changes to
the D WPFprocess.

A draft Nuclear Criticality Safety Analysis (WSRC-RP-93-692) was reviewed against the criteria in
WSRC-IM-93-13 and comments returned to the author. In addition, the supporting Nuclear Criticality
Safety Evaluations (NCSEs) are being reviewed. The NCSEs had to be revised as a result of changes to
the DWPF process.

The review of the revised draft NCSEs indicated some calculafional input errors. These comments
have been resolved with the author and corrected.
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Plutonium Disposition Study

Plutonium Burner Support - R. W. Rathb_m and D. Biswas

Customer. Westinghouse Electric Corporation, NATD

Abstract:WSRC issupportingWEC withPDR600 corephysicspredictionsforthePhaseI-Ceffort.Compatibil-
. ityofincreasedenrichmentImdings(6.6%Pu)wasdemonstrated.Tritiumproductioncapabilitywas

also predicted. Documentation of corephysics efforts is being generated to meet mid-December report
milestone to WEC.

" Phase I-C core physics efforts for the Pu Disposition Study continued with PDR600 (AP600 with weap-
ons grade MOX fuel) optimization studies. Emphasis was places on maximizing enrichment and min-
imizing fuel exposure to a level that provides a denaturing of 20% Pu-240 (weapons grade plutonium
loaded contains 6% Pu-240). Predictions with the WEC neutronics codes indicate that such a core
design is compatible with the Westinghouse Advanced Light Water Reactor plant core design and
safety limits. This fact enables a single site with twin PDR600 units to disposition the entire 100 MT of
expected excess weapons plutonium, provided the entire life of the plants are utilized. The baseline
program guideline of disposition in 25 years, which may be expanded to useful plant lifetime in the
future, would require 6 individual PDR600 units.

Planning for demonstration fuel assemblies was pursued with the intent of fabricating MOX fuel with
IFBA at the BNFL facility in Great Britain. WSRC core physics has been interacting with WEC in plan-
ning the test assembly configuration. Additionally, PDR600 tritium production capability was pre-
dicted on the WSRC classified IBM mainframe with the GLASS code. Results indicate that a single
PDR600 unit is capable of meeting the desired tritium production goal.

WSRC is committed to delivering documented results to WEC by mid- December for the overall Phase
I-C report to DOE.
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Enhanced Waste-Tank Level Model - M. R. Duignan

Customer. High Level Waste Engineering

Abstract: Modeling of environmental e_e.ctson the waste level in the waste tank located in H-area continued.

With the increased sensitivity of waste level measurements in the waste tanks, located in H-Area, level
changes have been recorded which are unexplained. An unexplained change of one (1) inch in the
waste level is a reportable event. Qualitative observations indicate that much of the unexplained level
change may be explained by environmental effects, i.e., changes in level due to changes in atmo-
spheric pressure, temperature, and relative humidity. Quantitatively, some of the level changes have
been explained by using a model that indicates the thermal expansion of the tanks' contents (but the
contents are assumed to consist of only supernate). Unfortunately, that model does not work for all
tanks. The model is limited in scope, but can be made more effective by incorporating other changes
which occur because of environmental changes.

Current work has identified three other possible mechanisms that can significantly change the waste
level. The evaporation/condensation of water in the tank either at the purge-gas condenser or at the
supernate/purge-gas interface, the expansion/contraction of the salt cake due to temperature
changes, and the dissolution/precipitation of the chemical components of the supernate in equilib-
rium with the corresponding solids in the salt cake. Simple models for the first two of these three sce-
narios have been developed. An empirical model is under development for the third effect, ie.,
dissolution/precipitation. The projected completion of this work is Feb. 2, 1994.

FIT Mixing Study - D.A. Eghbali

Customer:. In-Tank Precipitation Technology Development

Abstract: A number of Computational Fluid Dynamic Codes, including FIDAP, have been utilized for better
understanding of the mixing characteristics during waste storage and treatment. Tank 51 is a waste
storage tank which utiUz_ four submerged mixing pumps, located at the bottom of the tank, to sustain
uniform mixing of the slurry inside the tank The objective of this work is to develop a computational
model which can simulate the mixing characteristics inside Tank 51.

A mixing model is currently being developed using the Finite Element Computer Code, FIDAP, which
has limited capability to model the submerged rotating pumps. This computational mixing model
should be able to provide a crude simulation of mixing characteristics inside Tank 51 using one or any
combination of four mixing pumps.

Spent Fuel Dry Storage Development, Rig Design - M. D. Fowley

Customer: Transition and Reconfiguration Program Integration.
,t

Abstract: Preliminary design has begun of the test section for the single fuel element tests. This test will develop
some basic data for detailed modeling of the fuel dement.

¢
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Two methods of regulatin S the temperature of the sleeve surrounding the fuel element heater model
are berg investigated. The firstmethod utilizes heated oil flowing through copper tubes attached to
the outside of each sleeve wall. An insulating material would be placed between the sleeve and the
tubes to provide a measurable temperature difference for heat flux calculations, if necessary. The sec-
ond method utilizes heated air flowtn8 over the entire sleeve. The velocity of the air would be rela-
tively high to provide a uniform temperature distribution along the length of the sleeve and to ensure
turbulent flow over the sleeve for preliminary heat transfer calculations. The purpose of the investiga-
tion is to det_ the feasibility of each method as well as the cost and time required to complete the
construction of the test section and associated hardware.

Preliminary results show that both methods are feasible and cost effective, although a few question
remain concerning temperature control. The heated air method appears to be the simplest to con-

' struct. However, the ability to control individual sleeve wall temperature for the heated oil method is
appealing if the power output of the heater,from side to side, is not uniform. The pros and cons of
each method will be presented to the task leader for his decision.

Pilot-Scale Demonstration of HEME Dissolution Process - Z. H. Qureshi

Customer:. Defense Waste Processing Technology

Abstract: The High Efficiency Mist Eliminators (HEME) used in the melter feed preparation pcocesses_I! be dis-
solved in a caustic solution for their ultimate disposal. A pilot-scale demonstration of this dissolution
processwillbeconductedintheThermal-FluidsLab.ThistaskisscheduledtobecompletebyJune94.

The TechnicalAssistanceRequest(TAR)forthistestprogramhasbeenreceivedfromthecustomerin
accordancewithE7 ManualProcedure3.12.Forthepreliminarydispositionoftherequest,theExper-
imentalThermal-FluidsGroup prepareda DevelopmentPlanthatoutlinestheapproachtomeetthe
objectivesoftherequest.AftercompletingtheinternaltechnicalandQA reviewoftheplanitwas for-
wardedtothecustomerforapproval.

A significantliteraturesearchwas made on thedissolutionprocessoffiberglassinaqueoussolutions
inordertoidentifythecontrollingmechanismsofthedissolutionprocess.The mostcriticalparame-
tersarethetotalamount offiberglass,thesolutionpH value,ternlxnature,totalamount ofsolution
volume,thesurfaceareaofglassexposedtothesolution,andphysicalconditionssuchasthesolution
velocitylevelsthatprovidereplenishmentofthesolution.Theproposedtestswillpreservealltheper-
tinentscalingparameterson fullscalebasis.The most importantaspectofthetestprogramisto
obtainbasicdataon theeffectofsolutionvelocitylevelthroughthefiltermedium anditsultimatedis-
solution.

The EnvironmentalEvaluationChecldist(El/C)was preparedsincetheproposedprogramwilldeal
withhazardousmaterialsand willgeneratehazardouswaste.The EEC has been reviewedand
approvedby theSRTC ALARA Coordinator.

The detaileddesignof thel/Sthscaletankiscompleteand isbeingreviewed.Originall_itwas
plannedthata similarbutsomewhatsmallertankavailableinthelabwillbeused.However,thistank
needssome modificationsand thoroughcleaningwhichwould haveresultedinequivalenteffortof
buildinga new one.

• The steam coils and the air spargerrnockup design is near completion.

15 Applied Technology
November 1993



Technical ....

ITPFilterReplacementActivity-A.C.Smith

Customer:.ITP

Abstract:Thistaskwillestablishthecala_litytoreplacetheITP_teranddw oftheunuseablefilter.

The SWDF safety assessment for disposal of the filter box in the burial ground has been cowpleted.
The assessment shows that storage of the box will result in no increase in hazard for SWDF.

The filter box design review committee will receive the packages of review materials on 12/3. Fabrica-
tion of the filter box is in progress.

The Preoperational PHR for the filter removal activity is in progress.

Investigatin S Level Indicating Devices - T. L. Spatz

Customer:. L.F. Landon, DWPT

Abstract: The density and height of constituents in the mixing tanks are currently measured with a diaphragmed
bubblerdeviceknownasa Holledgeprobe.Duringtestingwithsimulantsludgetraditionalbubblers
encounteredpluggingproblems.Thepurposeofthistaskistosearchtheavailableliteratureforthestate-
of-the-artinlevelindicators.ThisliteraturesearchwillincorporateHolledgeprobes,modifyingtradi-
tionalBubblers,andmore.

A literaturesearchhasbeenongoingtodeterminethestateoftheartinlevelindicators.The con-
straintsoftheapplicationhaveeliminatedmostcommerciallyavailablelevelindicatingdeviceson the
markettoday.A seriousattemptisbeingmade tocompletethistaskbeforetheendofthisyear.

Literature Search in Support of Foaming Concerns - T.L. Spatz

Customer:. L.F. Landon, DWPT

Abstract:TestsofwastesimulantsintheSRAT andSME tankshaveshownthatboilingoffwatertoconcmtrate
thecontentscausesexcessivefoaming.Thepurposeofthistaskistosearchtheavailableliteraturefor
anti-foaming agents, or solutions to thefoaming problem in general. The hope is that within the nuclear
or chemical industries someone has encountered a similar foaming problem and published their findinss.

Literature is being acquired for this study by the SRTC library from various sources. This effort has
just begun but is expected to be completed by the end of Januar_ 1994.

Cross-Flow Filter Test - J. L. Steimke and C. M. Hart

Customer Lew Landon, DWPT

Abstract:InpreparationfordeliverytotheDefenseWasteProcessingFacility,slurryfromTank49willbewashed
ina processthatusesa cross-flowfilterina verticalorientation.Mostofthe_w passesthroughthe
poroustubesofthefilterintheaxialdirection.A smallpartoftheflowisdriventhroughtheporous
membraneofthetubesbyapressuredifference.Filtratecollectsintheshello-roundtheporoustubesand
iscollected.

m

To providetechnicalsupport,theThermalFluidsLaboratory(TFL)istestinga cross-flowfilterina
flowloopthatallowsflowineithertheforwarddirection(tubesidetoshellside)orreversedirection.
Briefflowinthereversedirection,back-pulsing,isusefulfordislodgingfiltercake,whichincreases
productionoffiltrate.The tenfootlongDu PontfilterattheTFL hasbeentestedwithcleanwater.
Flow resistancewas measured,definedasthetrans-membranepressuredropdividedby thetrans-
membrane flux.FormostoftheTFL testsofthetenfootlongfilterthereverseresistancewas halfof
theforwardresistance.Thisdifferencewas notexpectedbecausetheflowthroughtheporousmem-
braneshouldbe aDart7flow.Fora Dart7 flowthepressuredropisdirectlyproportionaltoflowrate
and inverselyproportionaltoliquidviscosity.Therewas concernthatthedependenceofresistanceon
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flOW directio,_ indicated a flaw in the TI_ flow loop, the instrumentation or the filter. It was decided to
resolve the unexpected measurement before proceeding with testing with ,,imulated slurry.

The resistance to forward flow for the ten foot long filter at the Tlq. was somewhat higher than the for-
ward flow resistance measured by the Du Pont Company for the same model filter with clean water
and also somewhat higher than the forward and reverse (backpulse) resistances for a much smaller
(one tube 18"long) Du Pont filter tested at the TFI, Reverse resistance was not measured at Seneca.
Bio-fouling was suspected to be a cause of incneased flow resistance in the forward direction. Cleaning
the ten foot long TFL filter with a one percent solution of oxalic acid followed by a one percent solu-

' tion of sodium hydroxide decreased the resistance to forward flow such that all filters had about the
same forward flow resistance but the directional difference in resistance persisted for the ten foot long
TFL filter. The _ flow loop was rigomtt_ly checked and no flaw was found to explain the discrep-

' ancy. The TFL is now investigating the possibility of a crack inside the filter that would widen when
the flow was in one direction and dose when the flow was in the other direction. Data support the
hypothesis of a crack but thus farno crack has been found.
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PACKAGING AND TRANSFORTATION
(E.K.Oppegma_Manaserl
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Type A Packaging For Sample Liquids (Door Stop) - D. S. Hoang and IL S. Maurer

Customer. Dana Lott, Waste Mana_t

Abstract: The preliminaW package design drawings of the.Type A Doorstop Packag/ng werecompleted. The Func-
tional Design Criteria (FDC) and Task Plan were completedand sent to the ITP customer.

The ITP Facility Manager has requested the P&T group to do procurement and certification of a DOT
7A (type A) Packaging to carry high level radioactive liquid samples from ITP/ESP waste tanks to the
SRTClaboratory. The P&T group established a preliminary design according to the customer require-
ments. The packaging will be designed to accommodate a doorstop conbxining a radioactive liquid
sample vial. The design consists of a stainless steel containment vessel packed in C.elotex confined in a
17C 30-gal stainless steel drum. The Functional Design Criteria (FDC) implemented based on E7 man-
ual and Task Plan documents for the type A Doorstop Packaging were completed and sent to the ITP
customer.

ITP Filter Box Safety Assessment - A. G. Eggers and P. S. Blanton

Customer. ITPProject

Abstract:P&TG hascompleteda firstdraftofthereporttitled"SafetyAssessment-OnsiteTransferoftheITP
FailedFilterContainmentBox",WSRC-TR-93-653.Thisreportmeetstherequirementsofthe19Q
Manual,Procedure1.04whichbecameeffective9/30/93,anddemonstratesthatsafetyequivalentto
DOT willbeprovidedforthismovement.

Itmay be necessarytoremovea highlyradioactiveplugged(failed)filterfromtheITPFacility.The
ITPpro_ctauthorizedE&PD todevelopa containmentboxformovement ofthefilterfromthefacility
toa storagelocationforup to45years(untilbenzeneand hydrogengasgenerationintheboxcease)
and thentothewastedisposalvault.P&TG providedinputtothefilterboxFDC fortheonsitemove-
ment (transportation)ofthebox.Theyalsoworkedcloselywiththedesignerstoensuretheadequacy
ofthefinaldesign.InMay ofthisyearP&TG initiatedthissafetyassessmentknowingthattheonsite
transportrequirementsofradioactivematerialwerebeingfinalizedaspartofthe19Q Manual.

The safetyassessmentdocumentsthefilterbox design,structural,thermal,containment,shielding,
criticality,operations,maintenanceand QA evaluations.The box designwithkey containmentand
shieldingfeaturesisdescribedin carefuldetail,thematerialsand fabricationproceduresmeet
acceptedRAM packagingpractice,theNDE isdocumented,and allapplicableanalysesthatdemon-
st-ratetheperformanceareincludedintheassessment.Thefilterbox willmeetalloftheDOT perf0r-
mance requirementsforNormal Conditionsof Transportas definedby I0 CFR 71. Itwillnot
withstandarolloveraccidentortheextreme30footfreedropand 1475F (engulfing)fireHypothetical
AccidenttestconditionsfromthatCFR. To ensuresafetyforoff-normalevents,specialprecautions
must by taken through the use of onsite procedural controls to avoid high kinetic energy impact
events (limiting lift height, route and vehicle selection, prohibiting 2 way traffic, limiting vehicle
speed, etc.) and serious fires (route selection to avoid fuel storage facilities and limit fuel carried on
transporter).
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996S/_JCertificateRenewal Process- G. Cadeili

Customer:. A.J. Staph

Abstract: In response,to DOE-HQ (EH 33.2) review of the 9965-68 Safety Analysis Report for Packaging ($ARP),
the Packag/ng & Transportation Group is involved in package tatin 8 and computer analysis to answer
the 150 quatiam received. The responsesand SARP revision will be part of the application for rec_tifl-
cation of six radioac,tive material shipping packages.

Responses to the questions are being generated in several technical areas, including structural analy-
' sis, thermal analysis, shielding-dose rate, and nuclear sub-criticality. Drop tests, computer thermal

analysis, and computer evaluation of shielding and criticality are in progress.

5320 Operation & Fabrication. M. A. Whitney and A. G. Eggers

Customer'. HB-Line, Jim Barber & Rena Jacobson

Abstract: As Cognizant Technical Function (CTF) and Design Agency far radioactivematerial transport packag-
ing that have originated from SRS, it is the responsibility of the Packaging & Transportation Group
(P&T) to give ongoing technical support to all users of these packaging. The 5320 packing is a pluto-
nium shipping container that is used throughout the DOE complex.

The P&T Group has continually and successfully supported I-IBLine as Cognizant Technical Function
for the 5320 shipping container by dispositioning 11Non-Conformance Reports (NCRs) and reviewed
and approved 32 procedures in the last year. Because of the P&T Group's initiative, it was discovered
that the EP-61 (primary Containment Vessel of the 5320 plug was being incorrectly lubricated during
assembly and a replacement lubricant was reconsidered. The group dispositioned 7 SDDRs (Docu-
mented Deviation Reports for fabrication) that related to the fabrication of EP-61s by an outside ven-
dor. The P&T Group was the driving force in establishing a more cost effective method of inspecting
and approving the purchase of new EP-61s. This new method will produce a higher quality product at
a reduced cost.

As design agency for the 5320 shipping container, the P&T Group has obtained special approvals and
given technical direction to other DOE sites. This included the shipment of product that was outside
the normal transportation parameters, i.e., had been stored too long before shipment.

19 Applied Technology
November 1993



Organizational Chart

I1| I

L1100, Applied Technology

Melvin R. Buckner

Section Manager
773-42A 143-- 5-3149

Parent Organization:
L1000 - Safety Technology

Administrative Secretary: Susie McKinney
773-42A 183 m 5-1102

!

i

Ll130 Applied Physics .............................................................. Apperson, Courtney E 25
Biswas, Debdas .....................................................................................................773-22A 10 5-3406
Boman, Christa E ..................................................................................................786-1A 8 5-5626
Clark, Hugh ..........................................................................................................773-22A 7 5-2718
Frost, Robert L.......................................................................................................786-1A 6 5-8195
Graves, William E .................................................................................................773-42A 173 5-4546
Grove, Robert E .....................................................................................................773-42A 122 5-5145
Hammer, K. E........................................................................................................786-1A 5-8233
Hightower, Josephine H ......................................................................................773-42A 113 5-8210
Justice, J. B..............................................................................................................786-1A 11 5-1284
Lee, S. Y.................................................................................................................. 773-11A 5 5-2328
Mincey, James F .....................................................................................................773-22A 7 5-2718
Niemer, Keyes A ...................................................................................................786-1A 1 5-2622
Okafor, Kenneth C ................................................................................................786-1A 04 5-8194
Pevey, Ronald E ....................................................................................................773-42A 119 5-5133
Rathbun, Roy W ...................................................................................................786-1A 3 5-8232
Reed, R. L............................................................................................................... 773-42A 182 5-3468
Skiles, Samuel K ....................................................................................................786-1A 7 5-1977
Summers, L. Kaye .................................................................................................773-42A 186 5-8211
Trumble, Edward F ..............................................................................................786-1A 10 54196
Tidwell, Rocky W ................................................................................................. 786-1A 10 5-7714
Vescovi, Peter J......................................................................................................773-22A 3 5-3335
Webb, Roger L.......................................................................................................786-1A 13 5-8459
Williamson, T. G................................................................................................... 77342A 123 5-5999
Zino, John F ...........................................................................................................786-1A 9 5-5864

Ll180 Experimental Thermal Fluids .............................................. Muhlbaier, Dave R. 21

Anderson, A. H ..................................................................................................... 786-A 5-3562
Armstrong, M. L................................................................................................... 786-A 5-3204
Bruckner, L. P........................................................................................................ 786-5A 6 5-3355 "
Bush, V. L............................................................................................................... 786-A 102 5-3204
Corbett, J. W.......................................................................................................... 786-6A 5 5-8225
Duignan, M. R. ......................................................................................................786-5A 11 5-8256 "
Edhbali, D. A ......................................................................................................... 786-6A 7 5-8253
Fowley, M. D ......................................................................................................... 786-5A 17 5-1492
Guerrero, H. N ...................................................................................................... 786-5A 13 54127
Hart, C. M.............................................................................................................. 786-A 103 5-4195
Hensley, W. W.......................................................................................................786-5A 7 5-2827

20 Applied Technology
November 1993



Orsanizational Chart

Kinsey, A. C.......................................................................................................... 786-A I 5_3204
Mills, J.E................................................................................................................ 786-A I02 5-3204
Qureshi,Z.H ........................................................................................................7_.5A I0 5-3613
Rohleder, K. H ...................................................................................................... 786-6A 8 58254
Srn/th, Jr.,A. C...................................................................................................... 773-55A 58267
Spatz, T. L .............................................................................................................786-5A 14 5-2551
Steeper, T. J............................................................................................................ 786-5A 16 53826
Steimke, J. L.......................................................................................................... 786-5A 12 5-1500
Whitehouse, J.C................................................................................................... _36-6A 6 5-5275

a

1.1190 Packaging andTransportation................... Opperman, Erich K. 11

Blanton,P. S..........................................................................................................786-5A 5-5307
• Cadelli, G............................................................................................................... 305-2A 5=4764

Eggers, A. G .......................................................................................................... 305-2A 54756
Gromada, R. J........................................................................................................ 305-2A 54760
Hoang, D. S........................................................................................................... 305-2A 54728
Houghtaling, T. K................................................................................................. 305-2A 54765
Maurer, R. S........................................................................................................... 305-2A 54763
Phipps, D. P.J ........................................................................................................505-2A 5-7084
Van Alstine, M. N ................................................................................................. 305-2A 54758
Whitney, M. A ....................................................................................................... 305-2A 54766

Ll170 Engineering Modeling & Simulation ................ PeiRey, James R 14

Aleman, S. E..........................................................................................................773-42A 147 58205
Dimenna, R. A ....................................................................................................... 773-42A 141 5-5300
Gong, Chung ......................................................................................................... 773-42A 154 5-3167
Gregory, Michael V ..............................................................................................773-42A 142 5-3696
Gupta, N. G........................................................................................................... 773-42A 150 5-8201
Harem, L. L........................................................................................................... 773-11A 7 5-8259
Hensel, Steve J....................................................................................................... 773-42A 155 5-5094
Hutchens, G. J....................................................................................................... 773-42A 178 5-9780
Jerrell, Jeffrey W ................................................................................................... 773-42A 153 5-1727
Lam, Poh-Sang ...................................................................................................... 773-42A 178 5-5306
Miller, R. F............................................................................................................. 773-42A 184 5-8462
Shadday, M. A...................................................................................................... 773-11A 1 5-1147
Shanahan, K. L...................................................................................................... 773-42A 140 5-5296
Wolf, Ralph J......................................................................................................... 773-42A 136 5-5158

Ll150 Applied Statistics ........................................ Tuckfield, R. Cary 8

Edwards, Thomas B ............................................................................................. 773-42A 125 5-5148
Harris, Stephen P .................................................................................................. 992-W1 112 4-5032
Jenkins, E. W......................................................................................................... 773-42A 158 5-1698
Reeve, Charles P ................................................................................................... 773-42A 130 5-8216
Shine, Eugene P .................................................................................................... 7"/3-42A 112 5-5156
Weber, Jilene H ..................................................................................................... 773-42A 160 5-5528

$

Wise, Morgan D .................................................................................................... 773-42A 145 5-252

Applied Technology 21
November 1993






