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Exxon Corporation

Experimenters: R. E. Olson
D. R. Olsen
F. Masson
Technical Services Personnel: M. Otte

Orange Police Department

Experimenter: Orange County District Attorney

Nuclear Science Center Representative: Dr. J. D. Randall

General Electric

Experimenters: C. W. Reinitz
R. Pyles

Technical Services Personnel: K. McKinley

Jet Research

Experimenter: K. Rowe
Technical Services Personnel: J. Head

Kansas Gas and Electric

Experimenters: KG&E Health Physicists
TEEX Personnel: Dr. R. Buchanan
A. Hassel
M. Otte
C. Holste
|
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Teledyne
Experimenter: D. F. Schutz

Technical Services Personnel: R. Land
G. Waldrep

Research Concepts

Experimenter: Dr., William Bartlett

Engineers/Designers, Inc.

Experimenter: T. Morris
Technical Services Personnel: J. Head
Tracerco

E Experimenters: W. Ramage
D. Ferguson
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SW Research

Experimenter: J. Hageman

Broz Lab
Experimenter: F. J. Broz
Technical Services Personnel: M. Otte
TRIAD
Experimenters: Dr. W. C. Triplett
Technical Services Personnel: Dr. J. D. Randall

G. Waldrep
R. Yupari
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B. Improvements to Reactor Systems and Experimental Facilities

New Core Loadings

Core VII-A (see Figure 3) was established January 6, 1982. This
new core was only a minor modification to Core VII in that the
neutron sources wer> relocated within a single tube in grid location
E-2 and an extra pneumatic receiver was positioned in D=-2. This
core was used throughout the year until December 3, 1982 at which
time Core VIII (Figure 4) was established. As can be seen this
change consisted simply of the installation of the transient rod
i~ preparation for reinitiating pulsing operations of the NSCR.

Addition of West Face Rotisserie Motor

Due to an increased need for a rotational irradlation device
within a high flux area a new rotisserie motor assembly was
installed for use with the B-5 grid position. A smaller rotisserle
designed to rotate within a 3" x 3" core notch 1s used with this
system, and a remote motor control switch and a power "ON" light
have been installed in the control room.

Beam Port #4 Water Shutter

In May, 1982 a new Beam Port #4 shutter system was installed
and tested. This new beam port extension (see Figure 5) has the
capability of being flooded with water which serves as a neutron/
gamma shield. Water evacuation 1is accomplished using low pressure
air and solenoid operated valves. Water level is determined using a
float switeh as incorpcrated in the shutter design, and digital
indication of the beam port condition is provided in the beam
port #4 sample prep room. This new shutter system reduces
personnel radiation when handling film cassettes between
irradiations.

Installation of Pneumatic System Controller for fhell Laboratory

As discussed in the 1981 annual report a new lab was established
for the Shell Development Company. In March, 1982 the pneumatic
transfer system for tnis lab was modified such that a controller
separate from the control room central unit was available for use.

A permit switch was installed in the control room, but the experi-
menter has the capability to establish his desired timing sequence.
In addition to this change in the laboratory the south pneumatic
station on the mechanical chase level was modified such that the

Shell 1ab has its own separate piping system.

Modification of the Chemistry Lab and Sample Handling Cell
Exhaust System

Because of leakage and corrosion problems associated with the
exhaust system for the chemistry lab and sample handling cell, the
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were repositioned such that the calculated actual power and
indicated power agreed. A second calorimetric performed on
December 10, 1982 indicated that reactor power was actually much
higher than indicated, and a series of additional calorimetrics
were completed during the following week to confirm the results.
Based on these results, NRC Region IV was notified on December
17, 1982, and it was later decided that reactor power may have
been as high as 1.37 Mw on December 6, 1982 and 1.23 Mw from
December 7, 1982 to December 9, 1982. A thorough investigation
into the calorimetric of December 4 indicated that an improper
jce bath for the reference temperature had been prepared causing
the 1large error obtained. The ice bath prepared with too_little
water experienced a temperature change of approximately .5°F over
a two hour period resulting 1in a 30% error. Operators have now
been trained in the proper method for ice bath preparation, and
until the calorimetric procedure is thcroughly reviewed an
interim procedure limits the amount of reactor power increase by
detectur adjustment at any one time to no greater than 10% of
the measured power.

Security Incidents

There were two incidents pertaining to security requirements
at the NSC durine 1952. However, due to public disclosure
restrictions these will not be addressed in this report. It
should be noted, however, "aat neither case involved an item of
noncompliance.

D. Changes in Operating Procedures

The following changes to SOP's were reviewed and approved by
the RSB during the reporting period:

SOP Number Subject

I-A Definitions and Abbreviations

I-H Reactor Safety Board

II-B Operations Records

II-C Reactor Startup

I1-F Reactor Shutdown

I11-C Linear Power Measuring Channel
Maintenance and Surveillance

I1I-E safety Power Measuring Channel
Maintenance and Surveillance

ITI-Q SNM Accountability

1V-U Beam Port Experiments

IV-E Irradiation Cell Experiments

IV-F Neutron Radiography Beam Port No. U

VIi-A Maintenance and Surveillance of Support

Systems - General
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Changes in Operating Procedures (Cont'd)

SOP Number Subject

VIi-B Ventillation System Maintenance and
Surveillance

VI-C Electrical Power Failure Testing and
Maintenance

VII Health Physics Procedures

VITI-A Security Plan - Introduction

VIII-A, B, E Security Plan

VIII-E Testing and Maintenance of Security
Systems

IX-B Emergency Procedures and Plans

The following new SOP's were reviewed and approved by the RSB
during the reporting period:

SOP Number Subject

ITI-A General

ITI-R Evacuation Horn System Surveillance
VI=-C Electrical Power Fallure

VI-D Red Tag, Procedures

E. Unscheduled Shutdowns

A total of nineteen unscheduled shutdowns occurred during 1982.
As can be seen a large number were electronic in nature due to
equipment age. The unscheduled shutdowns can be arranged in the
following categories:

Cause of Shutdowns Number of Shutdowns

Building power loss 6
Operator error
Electronics 10

F. Reactor Maintenance and Surveillance

1. A calibration of the fuel temperature mpasurigg changel wAas
performed on 1-7-82. The LS5SS was set at 525°C (975°F).

2. A channel check of the fuel element temperature measuring
channel was made dally by recording the fuel element
temperature and the pool water temperature prior to
reactor startup.
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The controcl rods were calibrated as follows:

Core VII-A (1-8-82)

Control Rod Rod Worth
SS #1 $2.77
SS #2 1.68
5SS #3 2.45
SS #4 4.49
RR .78
Shutdown Margin $1.01

Core VIII (12-3-82)

Control Rod Rod Worth
SS #1 $2.64
SS #2 1.64
SS #3 221
35 #4 4,23
RR ) 085
TR 2.92
Shutdown Margin $4.70

The reactivity worth of all experiments was either
estimated or measured, as appropriate before reactor
operation with the experiment. The most reactive experi-
ment irradiated had a worth of $.65.

Pulse tests were not performed during the reporting
period due to the non-pulsing restriction initiated on

1 October 1976. This restriction has been enforced since
the discovery of damaged FLIP fuel elements adjacent to
the transient rods. However, there are plans to pulse in
1983 and the transient rod was 1lnstalled in December with
the establishment of Core VIIT.

The seram times of the control rods were measured with
the following results:

Date Control Rod Time in Seconds
1-6-82 SS #2 .635
1-7-82 SS 43 .7139
1-8-82 SS #1 .718

SS #2 .638

38 #4 .718
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Date Control Rod Time in Seconds
2-3-82 SS #2 .62¢
8-19-82 88 #1 .56

SS #2 .58

SS #3 .65

35 #4 .64
10-26-82 SS #1 656

8S #2 676
12-3-82 TR .826

A channel test of each of the reactor safety system
channels for the intended mode of operation was performed
prior to each day's operation. The pool level alarm was
tested weekly.

Channel calibrations were made of the power level
monitoring channels by the calorimetric method as follows:

Indicated Actual Core
Date Power (Kw) Power (Kw) % Error Loading
1-11-82 40n 394,84 -1.29 VII-A
12-4-82 bnn 277.22 -30.6 VIII
12-10-82 oo 626.4 +56.6 VIII
12-13-83 hnn 365.7 -7.6 VIII
12-16=-82 4oo 393 -1.6 VIII
12-20-82 4nn 370.6 : -7.0 VIII

It should be noted that the series of calorimetrics com-
pleted in December 1982 were performed in an effort to
determine the large error obtained on 4 December 1982
following the establishment of Core VIII. See Section
I1I-C for details.

The ventilation system was verified to be operable by
conducting a test of the system each week throughout the
year.

Emerggncy evacuation drills were conducted on 4-2-82 and
9-24-82,

Weerly checks were performed throughout the year to verify
that the NSC security alarm system was operable.

» -~
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Calibration dates for facility air monitors and area
radiation monitors were as follows:

Monitoring System Date of Calibration
Ch #1 - Stack Particulate 11-1-82
Ch #2 - Fission Product 5=5=82
Ch #3 - Stack Gas 9-1-82
Ch #4 - Building Particulate 5-7-82
Ch #6 - Building Gas 12-16-82
Area Radiation Monitors 9-24-82

A review of the NSC security plan was conducted by the
NSC staff and the Reactor Safety Board on January 28, 1982.



IV. FACILITY ADMINISTRATION

Organization

The organization chart for reactor operations at the
Nuclear Science Center is presented in Figure 8. During this
reporting year the Director, Dr. John Randall, was reassigned
to the Nuclear Engincering Department at Texas A&M University
and Donald E. Feltz assumed his duties as Acting Director. The
position of Associate Director has remained vacant since that
time. Gary Waldrep was reassigned to Manager of Technical
Services and was replaced as Reactor Supervisor by Dan Rodgers.
Mr. Waldrep later resigned his position and was not replaced
during this reporting perioed. Jim Petesch, Bill Sims, and
Terry Rolon all received senior reactor operator licenses
during 1982. Also during thls same year Karen McKinley,
Jerald Head, and Ron Land recelved reactor operator licenses.
Melody Geer resigned as Health Physicist and was replaced by
Yenny Contreras. The NSC contlnues to employ students on a
part-time basis when full-time help 1s not available.

Personnel

The following is a 1list of personnel at the Nuclear
Seience Center for the period January 1, 1982 - December
31, 1982.

Facility Administration and Reactor Operations Staff

+Feltz, D. E. - Associate Director, January 1982 -
31 May 1982. Acting Director,
1 June 1982 - 31 December 1982

+Petesch, J. E. - Reactor Supervisor

+Randall, J. D. - Director, 1 January 1982 - 31 May 1982
(Terminated). Professional Engineer
(1 June 1982 - 31 December 1982)

+Rodgers, D. J. - Reactcr Supervisor
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Facility Administration and Reactor Operations Staff (Cont'd)
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+Rogers, R. D.
+Rolon, T. R.
+Sims, W. W.
+Theis, J. W.

Manager of Reactor Operations
Reactor Operator

Reactor Operator

Reactor Supervisor

Technical Service and Maintenance

Brcwn, D. - Student Worker I (Terminated)
Deigl, C. - Draftsman (Terminated)

Fisher, T. - Scientific Instrument Maker II
Goodman, D. - Student Worker 1

*Head, J. G. - Engineering Research Associate
Horn, C. R. - Mechanical Equipment Foreman
Johnson, G. - Student Worker 1T

Khalil, N. - Co=-op Research aAlde

#Land, R. - Engineering Research Associate
Lee, D. - Student Worker T (Terminated)
¥McKinley, K. M. - Engineering Research Associate
Meyer, C. - Research Assistant (Terminated)
Miller, P. - Draftsman (Terminated)

Otte, M. G. - Engineering Research Associate (Terminated)
Parlos, A. - Student Worker I (Terminated)
Powell, R. - Student Worker 1 (Terminated)
Restivo, A. L. - Engineering Research Associate
Schneider, L. - Student Worker I

Thompson, J. - Mechanical Maintenance Technician
Thompson, L. - Reactor Maintenance Supervisor
+Waldrep, G. W. - Manager of Technical Services (Terminated)
Yupari, R. - Student Technician

#Licensed Reactor Operator
+Licensed Senior Reactor Operator

Clarical

Huss, K. - Receptionist

Kunz, B. - Receptionist (Terminated)
Mitchell, Y. - Secretary

Ribardo, J. - Bookkeeper
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THE DEVELOPMENT AND EVALUATION OF A NEUTRON WINDOW FILTER
FACILITY

Personnel

Dr. Gerald Schlapper -- Professor
Patricia Harding -- Graduate Assistant

A study was performed to determine the feasibility of a
neutron window filter facility at the NSC. A facility of this
type would have application in neutron dosimetry and radiography.

MEASUREMENT OF FLUORIDE CONCENTRATION IN LITHIUM FLUORIDE
Personnel

Dr. Theodore Parish -- Associate Professor
Mike Schuller -- Graduate Assistant

Fluorine concentrations were measured in LiF using neutron
actlvation analysis. These concentrations are of interest in
Fusion Reactor Blanket Research.

AIRBORNE RADIOACTIVE MATERIAL COLLECTION, MEASUREMENT, AND
DATA STORAGE FOR THE NSC

Personnel

Dr. R. D. Neff -- Pro.essor
Melody Jones -- Graduate Student

The sampling program and data evaluation for airborne radio-
active effluents from the NSC was reviewed and updated to include
a minicomputer for data storage. The computer receives its infor-
mation directly from the air monitors and computes an average
release rate. This project sreatly improved the efficiency of
the air monitoring equipment.

Animal Science .

FLOW OF iINGESTED FORAGE PARTICLES THROUGH THE G.I. TRACT
OF CATTLE

Personnel

Pr. W. C. Ellis -~ Professor
Kevin Pond -- Graduate Assistant .

An experiment was conducted to determine the passage of
ingested forage particles through the gastrointestinal tract of
cattle using rare ear“h radloisotopes as tracers.
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PREPARATION OF AN AUTOMATED SAMPLE ANALYSTS SYSTEM FOR NAA
STUDIES

Personnel

Dr. W. C. Ellis -- Professor
NSC Technical Services Staff

An automatic sample changer supplied by the Animal Scilence
Department was modified for use with a Ge(Li) detector and inter-
faced with a multichannel analyzer system. This system allows the
automatic analysis of up to 100 samples at a time with no operator
intervention. This system will be used extensively in further
studies of the G.I. tract of cattle.

Oceanography

DETERMINATION OF TRACE METAL CONCENTRATIONS IN SURFICIAL
SEDIMENTS, MACRONEKTON AND SPINY OYSTERS FROM THE SOUTH
TEXAS TOPOGRAPHIC FEATURES STUDY

Personnel

Dr. BE. J. Presley -- Associate Professor
Dr. P. N. Boothe -- Research Associate
Fred Fenner -- Graduate Assistant

The NSC facilities were used to determine the levels of
vanadium (V), barium (Ba) and other trace elements (when possible)
in various sample types by neutron activation analysis. These
samples included spiny oyster tissue (Spondylus Americanus) and
both leaches and total digests of marine sediments. These samples
were collected as part of the Bureau of Land Management's Gulf of
Mexico [opographic Features Study. Most came from the vicinity of
the East Flower Gardens Bank. The primary purpose of these analyses
is to determine baseline levels of trace metals in the bilota and
sediments from these biologically important fishing banks on the
outer continental shelf. These data will be used to evaluate the
impact which present and future oil and gas exploration and produc-
tion may have on these potentially sensitive reef communities. The
expected level of V in Spondylus samples is about 10 ppm. The
levels of Ba and V in the se%Iment samples should be < 300 ppm
and < 100 ppm respectively.

Chemistry

COMPLEXES AND CATIONS SUPPORTED ON THE SURFACE AND BETWEEN
LAYERS OF ZIRCONIUM PHOSPHATE 1. COPPER (II) AND ITS
AMMONTA COMPLEXES

Personnel
Dr. A. Clearfield -~ Professor

Laura Quayle -- Graduate Assistant
Bharati Menta -- Post Doctorate
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Neutron activation analysis was used to determine cation
content of complexes placed on the surface of Zirconium Phosphate
and to determine the ion exchange of alkali metals cations.

TRITIUM AND SILICON-31 PRODUCTION PROJECT
Personnel

Dr. Yi-Noo Tang -- Professcr
Dr. E. E. Siefert -- Post Doctorate

Recoil tritium atoms, generated from 3He(n,p)3H process with
thermal neutrons from the reactor, reacted with organic compounds
guch as CpHsF, CaHsCl and C-CyHg to yield products either from
abstraction or substitution. The substituted products that formed
carried a large amount of residual energy. The pressure dependence
of the unimolecular decompositions of these substitutional products
has been investigated under a very wide range of pressure including
the use of large aluminum containers for low pressure studies. The
results indicated that (1) essentially all excited molecules will
decompose under a very low pressure condition, and (2) the fraction
decomposed (or stabilized) varied as a linear function of log prf.
The effective pressure P ps WAS calculated by taking into '
consideration the relatisg collisional coefficient of the component
molecules in each system. Further studies on pressure effect and
the analysis of energetics of these and other similar systems are
in progress.

The reactions of recoil 3!31 atoms formed by the nuclear
transformation, 3!P(r,p)3181, have been studied. In such systems,
it has been shown that recoil 3!Si atoms will abstract either H
from PH3 or F from PF; to give the corresponding silykenes, 31SiH,
or 3181F,. The reactions of the silylenes thus formed with various
conjugated dienes are the major concern of this program. It has
been shown that these silylenes formed in the nuclear rezoil system
consist of about 20% singlet and 80% triplet. The addition of
silylenes in all of these Torms willl add to conjugated dienes to
give the corresponding silacy-clopent-3-enes. The relative
reactivities of the butadiene, various pentadienes, and hexadienes
are being studied and the nature of a large steric effect observed
in some of the addition reactions 1is under serious consideration.

Center for Energy and Mineral Resources - Chemistry Department

TRACE ELEMENTS IN LIGNITES
Personnel

Dr. Ralph Zingaro -- Professor
Wayne Ilger -~ Graduate Asslstant
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Institution No. Students
McLennan Community College 119
Baylor University 6
Blinn College 21

Baylor College of Medicine

Personnel

Dr. McLauren -- Assistant Professor, Biology

The project consists of determining the amounts of transition
(and cther) metals found in the complex enzyme RuBP Case., This
enzyme is of great importance in the food chain since it is
primarily responsible for fixation of carbon in plants.

Sam Houston State University

Personnel

Dr. B. Covington -- Assistant Professor, Physics
Dr. C. K. Manka -- Assistant Professor, Physics

In the first of these two projects, the transmutation doping
of semi-conductor materials by use of the NSC reactor. The
properties of highly doped materials are then determined and
practical applications identified. The second project involves the
determination by neutron activation analysis of the amount of
aluminum deposited inside an experimental laser. The purpose of
this project is to ultimately improve the performance of high
output lasers.

Texas State Technical Institute (Harlingen, Texas)

Personnel
Mr. Pedro R. Jimenez -- Chairman, Nuclear Technology
Twenty-two first and second year nuclear technology students
performed a one-day lab class covering neutron activation analysis,
pool water chemistry, and area radiation survey.

Texas State Technical Institute (Waco, Texas)

Personnel

Mr. Carl Kee == Chairman, Nuclear Systems Technology

During the year, approximately 40 students from the first and
sec’' nd years of the Nuclear Technology Program came to the NSC for |
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laboratory classes in a number of areas pertaining to radiation
safety. The following laboratories were performed during 1982:
1. Neutron Activation Analysis
2. Neutron Flux Determination
3. Reactor Operator Experience and Instrumentation Study

4, Pool Water Chemistry Analysis

5. Radioactive Waste Analysis

6. Contamination Control

7. Personnel Dosimetry

8. Instrument Calibration and Survey
9. Air Monitoring System Study
10, Fixed Area Monitoring System Study

McNeese State University

Personriel
Dr. Jim Beck == Professor

Using the NSC for irradiation services, neutron activation
analysis projects were performed on geothermal brines. Saltwater
from deep gas wells in Louisiana which has a potential use as a
thermal energy source were analyzed for trase metal content to
determine possible harmful constituents. Another project was
done for metal levrls in home air ccnditioning filters to determine
nermal exposures to pollutants.

Louisiana State University

Personnel
Dr. R. Knaus -- Assistant Professor

The project involves the fate of dredge spoil materials as
determined by neutron activation analysis. Lake bottom sediment
will be laced with the stable elements indium and dysprosium. The
tagged lake sediments will be pumped to a spoil site. The stable
trancers will be used to follow the ultimate fate of fine erosional
materials which are naturally washed from the dredge spoil banks.

Sul Ross State University

Personnel

Dr. Dennis 0. Nelson -- Assistant Professor, Geology
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The project consists of trace elements geochemistry of Davis
Mountain Syenites, Precambrian Aphlibolites of the Van Horn regilon,
rocks froa the Paisano Volcanic area, and volcanic rocks and
ultramasix xenoliths from Big Bend National Park region. The
purpose of the oroject is to use the trace element concentrations
of these igneous and metamorphic rocks to determine their origin
and the geological history of the corresponding areas.

C. Industrial Training Programs

In addition to the activities described above, the NSC through
the Texas Engineering Extension Service has embarked on a program
to develop a numder of training courses for industrial organizations.
These are primarily oriented toward nuclear power plant and medical
research personnel. A description of the courses 1s presented
below.

RADIATION SAFETY TRAINING
Instructors

Mr, H. J. Deigl, NSC
Ms. M. L. Jones, NSC
Dr. R. D. Neff, RSO
Mr. P. Sandel, RSO
Mr. J. Simek, RSO

These courses are taught in conjunction with the Radiological
Safety Office (RS0). Depending on the program, instruction is
conducted both at the NSC and other campus facilities. Courses
taught in 1982 are:

Advanced Health Physics Technicians Tralning

This course 1s designed for technicians who perform daily
health physics tasks under professiconal supervision. Nine
individuals from the U.S. Army participated in 1982 for the 1
week course.

Health Physics and Radiochemistry Training

Instructors

Mr. J. G. Head, NSC

Dr. R. J. Buchanan, TEEX
Mr. A. Hassel, Chemistry
Mr. C. Meyer, NSC

Mr. R. F. Dunn

Ms. C. Holste

Mr. 7. Kolar

This 12 week course was given to five individuals from Kansas
Gas and Electric. The training consisted of 6 weeks in Applied
Health Physics Training and 6 weeks of chemistry (including radio-
chemistry). Instruction in both the classroom and laboratory.
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Publications, Theses, and Papers Presented at Technical
Meetings Which Involved Use of NSC PFacilities From 1976

to Date

O.F. Zeck, G.P. Genarro, Y.Y, Su and Y. =-N. Tang, "Effect of

Additives on the Reaction of Monomeric Silicon Difluoride with
1, 3-Butadiene," J. Amer. Chem, Soc., 98, 3474 (1976).

R.A. Ferrieri, E.E. Siefert, M.,J. Griffin, O.F. Zeck and
Y. =N. Tang, "Relative Reactivities of Conjugated Dienes
towards Silicon Difluoride," J.C.S. Chem, Comm., 6 (1977).

M. D. Devous, Sr., "A Radiation-Induced Model of Chronic
Congestive Heart Failure", Scott and White Hospital,
Department of Radiology and Nuclear Medicine, May, 1977.

M. D. Devous, Sr., "A Canine Model of Congestive Heart
Fallure", University of Florida, Department of Radiology
and Department of Cardiology, November 1977.

D.E. Feltz, J.D, Randall, and R.F. Schumacher, "Report on
Damaged FLIP TRIGA Fuel", Fifth Triga Owner's Conference,
Tueson, Arizona, March 1977.

J.D. Randall, "Forensic Activation Analysis", NSCR Tech=-
nical Report No. 36, November 1977.

R.R. Hart, L.D. Albert, "Measurement of F3! Concentrations
Produced by Neutron Transmutation Doping of Silicon",
Presented at International Conference on Neuiron Transe-
mutation Doping, University of Mo., April 1978.

D. Wootan, "Measurement of Neutron Flux in Thermal Rotisserie",
Master's Thesis in Nuclear Engineering, November 1978.

Huang, W., J. Chatham, "Uranium in Lignite: I Geological
Occurrence in Texas", Tenth International Congress on
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Summary of Health Physics
Support for the Operation of
the Nuclear Sciegce Center Reactor

1982

Provided health physics monitoring support for processing 980
irradiations containing over 14,925 samples and approximately
2135 curies of radioactivity.

Certified 467 shipments of radioactive materials to off-site
industry.

Certified 157 shipments of radioactive -materials to other
campus laboratories.

Provided mon:toring support for processing and handling over
7559 experimental samples retained at the Nuclear Sclence
Center laboratories.

Conducted envircnmental survey program in cooperation with the
Texas State Department of Health. This program consists of
in-situ TLD monitors and the collection, analyses and
evaluation of over 41 soil, water, vegetation, and milk
samples.

Provided personnel monitoring support for »~ 47 persons on a
daily basis and over 628N visitors as required.

Performed radionuclide analyses and packaged 1pproximately 36.8
Ft3 of dry solid radioactive waste for disposal.

Performed radioisotope identification and determined radio-
activity concentrations for 72 releases of radiocactive
1iquid effluents totaling 2,200,000 gallons including fresh
water diluent.

Performed surveys of the Nuclear Science Center facilities
for radiation levels and radioactive contamination including
the collection, analyses, and evaluation of approximately
200 smear samples on a monthly basis.

Cordncted radiation safety training for 121 NSC employees and
experimental personnel using NSC facilities.
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EFFLUENT RELEASE SUMMARY

Introduction

Summaries of radiocactive effluents released from the Nuclear
Seience Cente» for 1982 are included in this Apprendix. These data
are presented in tabular form and include atmospheric, liquid and
sclid waste releases.

Particulate Releases

Radioactive particulates are monitored at the base of the
central exhaust stack and summarized on a monthly basis. The
annual average release rate was 5.57 E-11 uCi/cc. Total radio-
activity released for the year was 3.98 E-N3 curies. There were
5 radioisotopes with > 8 day half-lives identified from isotopic
analyses of the filter papers in addition to the < 8 day half-
lives of the decay daughters of Radon-Thoron. These data are
presented in Table 1.

Gaseous Releases

Argon-41 is the major gaseous effluent produced and released
at the Nuclear Sclence Center. This effluent is measured by
counting the Argon-41 photopeak in the gaseous discharges of the
central exhaust stack. Total Argon-41 released during 1982 was

2.45 curies. This results in an annual average release rate
of 3.90 E=08 uCi/cc as measured in the central exhaust stack with
no dilution factors applied. Applylng the dilution factor of
5.0 E=032 allowed at the site boundary (as determined, SAR, pares
117-119, June 1980) results in radioactivity concpntrations of
< 1% of the limits specified in 10CFR20, Appendix B, Table II,
Column 1. These data are summarized on a monthly basis and
presented in Table 2.

Ligquid Waste Releases

Radioactive liquid effluents are collected in liquid waste
holdup tanks prior to release from the confines of the Nuclear
Science Center. Sample analyses for radiolsotope identification
and radiocactivity concentrations were determined for each release.
There were 72 liquid waste releases totaling 2.2 E 06 gallons
including diluents from the Nuclear Science Center during 1982.
The total radioactivity released for 1982 was 2.65 x 1074 Ci with
an average concentration of 3.11 x 1076 uCi/ml. Summaries of the
radiolsotope data are presented in Tables 3 through 15. Radio-
activity concentrations for each 1isotope were below the limits
specified in 10CFR20 Appendix B.
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TABLE 1
PARTICULATE EFFLUENT RELEASES
ANNUAL SUMMARY
1982

Exhaust Concentration Total Radioactivity
Month Volume (cc) (uCi/ce) (uC1) (C1)
January 6.31 E 12 1.33 E=12 8.39 8.39 E-6
February 5.91 E 12 5.72 E-10 3380.52 3.38 E-3
March 6.31 E 12 1.83 E-11 115.47 1.15 E-4
April 6.12 E 12 2.03 E-11 124.24 1.24 E-4
May 6.31 E 12 1.24 E-12 7.82 7.82 E-6
June 6.12 E 12 6.53 E-12 39.96 4.0 E=5
July 6,31 E 12 6.31 E-12 39.82 3.99 E-5
August 6.31 E 12 5.78 E-12 36.48 3.65 E-5
September 6.12 E 12 1.50 E=12 9.18 9.18 E-6
October 6.31 E 12 2.25 E-12 14.20 1.42 E-5
November 6.12 E 12 8.3 E-12 50.80 5.08 E-5
December 6.31 E 12 2.42 E-11 152.70 1.53 E-4

Total Volume: 7.45 E 13 cc

Annual Average Release: 5.57 E-11 uCi/cc

Total Radioactivity Released: 3.98 E-03 Ci
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TABLE 2
GASEOUS EFFLUENT RELEASES
ARGON=-41
ANNUAL SUMMARY
1982
Total
Radio-

Exhaust Concentration® Concentration*® Percent activity
Month Volume(ce) (uCi/ce) (uCi/ce) MPC*#* (Ci1)®
January 6.31 E 12 3.0 E-10 1.50 E-12 3.75 E-05 1.89 E-02
February 5«91 . E 12 1.80 E-8 9.0n0 E=10 2.25 E-N2 1.06 E=01
March £.31 E 12 3.00 E=12 1.50 E-11 3.75 E-04 1.89 E=03
April 6.12 E 12 2.32 E-8 1.16 E=-NG 2.90 E=02 1,42 E-01
May 6.21 E 12 9.42 E-8 4.71 =-09 1.18 E-N1 5,94 E-01
June 6.12 E 12 5.24 E-Q L, 71 E=10 1.18 E-=02 5.65 E-02
July 6.31 E 12 1.67 E=-8 8.35 E=10 2.09 E-02 1.05 E=01
August 6.31 E 12 1.58 E-8 7.90 E=10 1.68 E-02 1.00 E-D1
September 6.12 E 12 9.09 E-8 4.55 E-9 1.14 E-01 5.56 E=-01
October 6.31 E 12 1.67 E-8 8.35 E=in 2.09 E-N2 1.05 E=-01
November 6.12 E 12 9.4 E-8 4.7 E-09 1.18 E-N01 5.75 E=01
December 6.31 E 12 1.67 E=-38 8.85 E-10 2.09 E-N2 1.05 E=-01

Total Volume: 7.45 E 13 cec
Annual Average Release®*: 3.99 E-08 uCi/cc
Total Radioactivity Released®: 2.L5 C!

¥As measured in the c.1tral exhaust stack.

¥%As determined at 100 meters, approximate boundary of exclusion area,
with 200/1 dilution factor (SAR, pp. 117-119, June 1979).




TABLE 3
RADIOACTIVE LIQUID EFFLUENT RELEASES

SUMMARY
1982

No. of Volume conc. MPC MPC
Isotope Releases mL uCi/cc uCi/ecc Percent
Sb-124 1 1.51E+08 3.01987E-N8 2E-05 .150993
Ce-141 2 2.965E+08 T7.9258E-09 9E-05 8.80645E-03
Ce~144 1 1.51E+08 1.15894E-07 1E-05 1.15894
Cs-137 18 2.5T7TE+09 4 ,38417E-08 2E-0N5 .219208
Cr-51 19 2.906E+09 8.69752E-07 2E-03 0434876
Sb-122 1 3.TUE+08  1.58021E-08 3E-05 .0526738
Br-82 2 5.74E+08  5.30836E-07 MU4E-05 1.32709
Ccd-115 7.76E+08  1.6482E-06 3E-05 5.49399
Co-57 7 1.055E+09 2,16114E-08 U4E-04 5.402851-03
Co-58 50 7.8005E+09 2,48879E-07 9E-05 .276532
Co-60 95 1.4416E+10 1.03655E-06 3E-05  3.45517
Au-198 9 1.515E+09 1.45122E-07 5E-~05 .29024%
Ir-192 14 2.222E+409 1.U40842E-NT7 A4E-05 .352104
Mn-5U4 68 1.0088E+1(. 4,21832E-07 1E-04 .421832
Mn-56 3 3.43E+08 1.58018E-06 1E-04 1.58018
Nb-95 1.52E+08 1.38158E-08 1E-04 .0138158
Rb-86 1.53E+08 5.5817E-17 2E-05 2.79085
Na-22 2 3.1E+08 1.577T42E-06 3E=05 5.25806
Na-24 13 1.925E+09 1.02622E-06 3E-05  3.42074
Sr-87M 2 3.04E+08 2.01316E-08 3E-06 .671053
Zn-65 82 1.2118E+10 1.04516E-06 1E-04  1.04516
U=NAT 1 2.73E+08  1.48718E-09 3E-05 4.95727E-03
Zr-97 1 1.98E+08  6.31313E-09 2E-05 .0315657
Re-186 1 1.53E+08 1.29412E+06 9E-N5 1.U3791E+12
Ra-226 1 9.99E+n7 1.53153E+N6 3E-08 5.1051E+15

Total Number of Releases: 72

Total Volume Including Dilution: 8.52E+09 ml

Total Activity: .02652 Curies

Average Concentration Including Dilution: 3.11268E-06 uCi/cc

Activity
Curies
4 ,56E-06
2.35E-06
1.75E-05
1.1298E-04
2.5275E-03
5.91E-06
3.047E-04
1.279E-03
2.28E=-05
1.94138E-03
.N149429
2.1986E-04
3.1295E-04
L, 25544E-03
5.42E-04
2.1E-06
8.54E-05
4.89E-04
1.97548E-03
6.12E-N6
.0126652
4,.06E-07
1.25E=06
1.98E+08
1.53E+08




































No.

Isotope Releases
Br-82 1
Co=57 1
Co-58 2
Co=60 b
Mn-54

Zn=-65 4

TABLE 15

NUCLEAR SCTENCE CENTER
RADIOACTIVE LIQUID EFFLUENT RELEASES
MONTHLY SUMMARY

Volume
mL

2E+08

1.32E+08
3.0RE+08
6.51E+08
3.06E+08
6.51E+08

Total Number of Releases:

Total Volume Released with dilution:
Average Concentration with dilution:

Total Radioactivity:

1

3.

vl W W

December 1982
Conc.

uCi/cc

. 335E=-07
09849E-N8
.83987E-07
.T2412E=-07
.00327E-07
.84639E-07

SUMMARY

8.028E~-0l4 Curies

MPC
uCi/cc

4E-05
UE=~NU
9E-0%
3E=05
1E-04

1E-04

6.51E+408 mL

MPC

Percent

3375
7.7T4622E-03
L20U43
1.24137
.300327
.584639

1.23318E-06 uCi/cc

Activity

2

u.

W O WU

Curies

.6TE-05

N9E-N6

.63E-05
LU2ULE-0Y
.19E-05

.BN6E=N4



TABLE 16
SOLID RADIOACTIVE WASTE DISPOSAL
ANNUAL SUMMARY

1982
Radiocactivity

Radioisotope (uCi) (Cc1)

Co=-60 141883 1.42 E-01
Ir-192 5329.8 5.33 E-03
Cs=-137 532.98 5.33 E-0k
Zn-65 1776.6 1.78 E-03
Ce-141 355.32 3.55 E=-04
Mn-54 355.32 3.55 E-N4
Cr-51 355.32 3.55 E=04
Cd-109 177 .66 1.77 E=04
Br-82 N.7T 7.00 E=04
Mixed Fission Products 2617.5 2.62 E-N3

Total Volume: 36.8 Ft3 contained in five (5) 55 gallon
steel drums

Total Radioactivity: 1.53 E-1 Ci
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PERSONNEL EXPOSURES

Radiation exposures to personnel at the Nuclear Sclence Center for
1982 were within the limits of 10CFR20. The maximum exposure
received by an individual for the year was » 1320 mrem. A total

of approximately 7.91 MANREM was recelved for 1982, More important,
the exposures reflect an extended effort by all personnel to minimlize
and eliminate radiation exposures whenever practicable. These
exposure data becomes more significant when one considers that in
addition to routine reactor operations, over 14,000 samples
containing approximately 21.35 curles of radioactivity were produced
and processed at the Nuclear Science Center 1in 1982.

The whole-body exposure data for NSC employees and experimental
personnel are presented in Table 21. These data are presented
in graded divisions as required under 10CFR20,202(a).

The access control procedures for visiting personnel were effective
in preventing exposure to radiation. There were 6,580 visitors to
the Nuclear Science Center during 1982. The maximum exposure to
any visitor as determined by film badges was less than the minimum
measurable quantities. These values are 10 millirems for X or
gamma, 40 millirems for hard beta, 20 millirems for fast neutrons
and 10 millirems for thermal neutron radiations.
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ENVIRONMENTAL SURVEY PROGRAM
SECOND QUARTER SUMMARY

Radioactivity (pci/gm)

Location

White Creok
NSC Creek
NSC Inside
TAMU Landfill

Radioactivity (pci/ml)

Location

Sanitary Outflow
Easterwood Airport
White Creek

NSC Creek

Lower Brazos River
Upper Brazos River

TABLE 20

1982
VEGETATION

Number
Samples

3

3

1

1
WATER

Number
Samples

O W W

ITI-24

Average

31.5 ¢ 2.9
27 s 3.9
21.3 £ 2.7
24,3 £ 2.4

(pCi/ml)

0.004
0.006
0.007
0.009
0.014
0.016




Arnual Whole-Body
Dose Ranges (Rems)

TABLE 21
PERSONNEL WHOLE-BODY EXPOSURES
1982

No Measurable Exposure

Less than 0.100

0.160 -

0.250

0.500

0.750

1-000 -

Greater

0.249
n0.499
0.749
1.930
2.000

than 2.000

Total Number of Individuals Reported:

11

| R " R
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47

III-25

Number of Individuals
in Each Range



APPENDIX IV

Universities, Colleges, Industrial Organizations,
government and State Agencles Served by the
NSC During Tweniy Years of Operation






Other Universities and Colleges (Cont'd)

State University of Ohilo
Alfred St. College

Community College of the Finger
Lales

Nebraska Weslyan University
Lock Haven St. College
San Bernadino Valley Couilege

North Park College and Theclo=-
gical Seminary College

Fort Valley State College
Denison University

State University College, N.Y.
Auburn University

Clarion State College
University c¢f Alaska
University of Arkansas
University of Houston
Southwest Texas State College
Iowa State University

Blinn College

State College of Arkansas

The Defiance College

San Antonio College

Laredo Jr. Ccllege

University of Corpus Christi
South Dakota State

Arapahoe Jr. College
California St. College

Pan American College
Tarleton St. College

Columbus College

Howard Payne College
Prairie View A&M College
Longwood College

S, D. School of Mines

North Shore Community College
University of Wisconsin

Hill Jr. College

McLennan Commurity College
Southeast Missouri St. College
Southwestern State Colilege
Mary Hardin Baylor

Texas State Technical Inst.‘
North Texas State University
University of Arizona

McNeese State University
Texas Eastern University
Henderson County Jr. College

Massachusetts Institute of
Technology

University of 'Texas at Dallas
Moody College

Sul Ross University

East Texas State University

University of Nebraska



Industrial Crganizations

States Marine Lines
Scuthwest Research Institute
Humble 0Oil and Refining Co.

Institute of Research and
Instrumentation

Estrada Incorporated

Shell Chemical Co.

Mobil 0il Co.

Texas Instruments Inc,

Todd Shipyards Corp.

Shell Development Co.
Tennessee Gas Transmission Co.,
Lane Well Co.

Petro-Tex Chemical Corp.
Babcock and Wilcox Co.
Medical Arts

Texaco, Inc.

Monsanto Co.

Hastings Radiochemical Works
E.I. DuPont DeNemours and Co.
Mission Engineering

ESSO Research and Engineering
Diamond Alkali Co.

Dow Chemical Co.

Celanese Co.

Independent Exploration Co.

Comfaco
Rivera Foods
North American Aviation

Gulf Research

Xomox

Texas Nuclear

Bio Assay Lab-Bio Nuclear

NAPKO Corp.

D.W. Mueller, Consultant
General Nuclear Corp.

Nuclear Environmental Eng. Corp.
Shell Development, Oakland Calif.
Nuclear Sources and Services
Exxon

Atomic Energy Industrial
Hughes Research Lab

TRACO Inec.

Lloyd Barber and Associates
Temple Industries

Chemtrol Inc,

Jet Research

Resource Engineering

Ranger Engineering

Turbine Lab

Gulf Nuclear



Industrial Organizations (Cont'd)

Westinghouse Electric
Avery 0il Company

Bell Helicopter
Spectronics

LGL, LTD.

E-Systems

Monsanto, Inc.

Radian Corp.

Nuclear Laboratory Services
Core Laboratories

Pacific Gas and Electric
Houston Lighting and Power
Broz Labs

Balcones Research

General Electric Company
Gulf States Utilitiles
Kansas Gas and Electric
Teledyne

Bendix

Research Concepts
American Hoechst

Gulf Nuclear
Engineers/Designers, Inc.
Tracerco

TRIAD
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Government and State Agencles

M. D. Anderson Hospital

Houston Police Department

Houston, District Attorney

Brooks Medical Center

National Aeronautics and Space Administration
North East Radiological Health Lab
Department of the Army

Wichita Falls, District Attorney

Corpus Christi, District Attorney

Dallas County, District Attorney

Denton County, District Attorney
Jefferson County, District Attorney
Oklahoma Medical Examincr

U.S. Alr Force

Osage County Oklahoma, District Attorney
Bureau of Economic Geology

Amarillo District Attorney

Orange Police Department

Fort Worth FPolice Department

Austin Police Department

IvV=5




APPENDIX V

Texas A&M University Departments Served by
the NSC During Twenty Years of Operation




TAMU Department and Agencies

Department of Biochemistry and Biophysics

Department of Nuclear Engineering

Department of Oceanography

Activation Analysis Research Laboratory

Department of Physics

Department of Petroleum Engineering

Department of Animal Science

Department of Range Science

Department of Mechanical Engineering

Department of Wildlife and Fisheries Sciences
Department of Chemistry

Department of Large Animal Veterinary Medicine and Surgery
Radiological Safety Office

Cyclotron Institute

Department of Plant Sciences

Nuclear Science Center

Department of Veterinary Physiology and Pharmacology
Department of Radiation Biology

Center for Trace Characterization

Bloengineering Program, College of Engineering

Texas Engineering Extension Service, Electronic Training
Department of Geology

Department of Forest Science

Department of Soil and Crop Sciences

College of Medicine



Department
Department
Department
Department
Department
Department
Department

Department

of
of
of
of
of
of
of

of

TAMU Departments (Cont'd)

Health and Physical Education
Architecture

Building Construction
Industrial Engineering
Industrial Education
Aerospace Engineering
Engineering Technology

Civil Engineering

Fireman's Training School

Department of Archaeology

Department of Entomology



