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I. Introduction

This progress report is prepared in accordance with the requirements of
the N.clear Regulatory Commission 10 CFR 50.71 concerning the operation
of the University of Missouri - Rolla Nuclear Reactor Facility (License R-79).

This reactor, a swinming pool type modified BSR, was first licensed as a

10 Kw training and research facility with initial criticality on December

9, 1961. In January 1967 an amendment was granted by the Nuclear Regulatory
Commission to upgrade the facility, allowing an increase in power level to
200 Kw.

The Nuclear Reactor Facility is operated as a university facility available
to the faculty and students of the various departments of the university for
their educational and research programs. Several other universities has

made use of this facility during this reporting period. The facility is a'so
made available; for the purpose of training reactor personnel, to the nuclear

industry and electric utilities.

The reactor staff has continued to review the operation of the reactor
facility in an effort to improve the safety anc efficiency of ius operation
and to provide conditions conductive to its utilization by students and
faculty from this and other universities. The following sections of this
report are intended to provide a brief outline of the various aspects of
the operation of this facility including its utilization for education

and research.



I1. PERSONNEL AND REACTOR STAFF

A. Reactor Staff

Dr. D. Ray Edwards
Alva E. Elliott
R.L. Jones

Carl Barton

Karen Lane

Juls William

Mike Middleton
Charles Ruggeri
Ray Bono

Dan Carter

Title

Reactor Director

Reactor Manager

Reactor Maintenance Engineer
Electronic Technician
Secretary

Lab Mechanic

Reactor Operator

Student Research Assistant
Campus Heaith Physicist
Health Physicist Tech.

B. Licensed Operators

Alva E. Elliott
R.L. Jones
Carl Barton

Karen Lane

Senior Operator
Senior Operator
keactor Operator

Reactor Operator



C. Radiation Safety Committee

Nord L. Gale (chairman) Life Sciences

Ray Bono (secretary) (ex officio) Health Physicist

Ernst Bolter Geology and Geophysics
0.K. Manuel Chemistry

D. Ray Edwards (ex officio) Reactor Director

Alva £. Elliott (ex officio) Reactor Manager

N.T. Tsouifanidis (ex officio) Radiation Safety Officer
Ed Hale Physics

Laird Schearer Physics

This committee is required to meet at three month intervals. However

in practice, the frequency of the meetings are usually greater.

D. Independent Audit

Dr. Franklin Pauls, former Reactor Director, acts as the independent

auditor of the Reactor Faci:..y. He reviews all records, procedures,

and operating methods of the facility on a semi-annual basis.

Semi-annual audits were completed on September 10, 1980 and May 2, 1980

and are included in the appendix of this report.



I11. Supporting Facilities

Several supporting facilities are either operated or maintained by the
reactor staff for users of the reactor. These greatly contribute to the
efficiency of research and educational programs available to the faculty

and students of the University of Missouri - Rolla.

Analog Computer: This computer is currently available to faculty and students

and is used in scheduled classes for both graduate and undergraduate students.
Several units of auxiliary equipment are also available to widen the sccpe

of its operation.

Slow Neutron Chopper: A slow neutron chopper is available for student use at

the reactor facility. This chopper, constructed as a masters research project,

is mounted on the face of the thermal column door.

Activation Analysis Lab: The activation analysis lab has proven to be the

most utilized supporting facility. The labo-atory contains & 4096 channel
analyzer, with Nal or GeLi Selectable Detector input. Included in the aux-
iifary equipment is a tape punch, multi-scaler programmer, a scope camera,
and a teletype terminal. Three scalers are includec¢ in the laboratory
equipment with the appropriate detectors for counting alpha, beta, and gamma
radiation. A shielded detector with four ton low background lead shieid ho-
using two 3X3 sodium iodide crystals, is also available. These detectors
are used in conjunction with the multi-channel analyzer, Several other
units of equipment are available for the detection and evaluation of ra-

dioactive materials.



Pneumatic Tube Assembly: A dual tube pheumatic syctem is installed in the

core of the reactor., This is a dual tube system, one tube being cadmium
lined, the other bare. This system is a positive pressure type, using
nitrogen as the propellant.

Dynamic Void: A method of introducing a void on the perifery of the core by

use of nitrogen gas. -is allows for a variation in void as a function of

core height, total volume or volume change.




IV Improvements

The following items are considered ‘mprovements to the existing facilities
during this reporting period.

(1) The purchase and installation of Two Counter/Single Channel "nalyzers
with Na-1 detectors has been completed. These items will replace
counter/scalers funded in 1962 and will be used primarily by students
in the reactor physics courses taught at the facility.

(2) The facility has purchased an Apple-I11 personal computer system. This
will be used for records budgets, etc.

(3) The installation of the New Radiation Area Monitoring System was com-
pleted in August 81. This system replaces the urigional RAM with
“State of the Art" and has improved the overall operation of the facility
considerably.

(4) The intermediate and lower levels of the facility was rewired,in conduit.
A new, High Radiation Area Warning System and Beam Port Control System
was installed at this time. We also added a High Level Basement Sump
alarm system to orevent flooding of the Lower Level. Flooding of this
level has occurred in the past due to high rainfall with some damage

to non-essential equipment,



V. REACTOR OPERATIONS
Facility Use

Table 1 depicts the current core loading designated as 67. The number

67 denotes the Sixty Seventh core configuration (assembly and location),
that has been used at the reactor facility since the original operating
license was issued in 1961. This 67 core has been in use since December
1978 and periodically checked for all parameters listed in Table 5 (core
data). The core was unloaded for Control Rod Inspection during

the Month of August '80. It was partially unloaded (4 or 5 assemblies)
approximately 5 times for training exercises in fuel! handling and 1/M core

load's during this reporting period.



-

UMRR CORE AND RACK STORAGE PORM

TABLE 1
pATE December 19, 1978

Original Loading

LOADING wsemgr 67T

S — e ——

Kkl R2 R3 R4 RS R6 R7 R6 R9 R1O0 R11 R12 R13 R1s R1S

Ay a5 &

. RACK STORAGE PACILITY
, F-13]F-20|HF-1]|F-22| F-2{F-5 |F-3 EBFL-_ZIJ
R16 R17 R18 R19 R20 R21 R22 R23 R24 R25 R26 27 R28 R29 R3O0
KEY TO PREFIZES
A F - Standard Elements
& S . C - Control Elements
HF - Half Front Clement
¢ it il 4 B o a HR - Half Rear Element
b D-8 |C-1. |F-16 [F-9 |[F-4 |F-10 CA - Core Access Llement
¥ F-6 |C-2 |[F-19 |C-3 |F-12 [F-11 IP - Isotope Production Eleme:
S - Source Wolder
] BR F-17 |F-15 |F-7 |CR e
1 2 3 u o, 8 5 y 9 "
BRIDGE SIDE UMRR CORE STATUS

Elem, Pos.[Mass Elem. |Pns. [Mass Flem|Pos. |Mass

HR-1 3 917 | F-16 | D5 [170.270 | F-12| E7 168.774  Bridge Position

FTB 3 1170.229 |F-19 |E5 ]170.264 | F-10/ D8 70.193 Sonhas s % 43R
! F-6 ’E3 169.160 | F-15 | F5 |168.889 | F-11| E8 68.969 __
(14 oy 170.210 | -4 | C6 [102.112
(64 "y hor 112 TE-9 156 170.178
| C-2 E4 1102.125 [ C-3 [E6 |101.978]
L7 re fieg.ann | F-7 [F6 [170.154
;‘F-l €5 (170.223 F-d_J_B7 170.206

M /% 0,905% @76°F ' Total Mass Grams 2870.069

(measured value) .
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During this reporting period only one core designation has been used to any extent,

The "W" mode core was used for normal reactor operations since students cannot
oparate the reactor when the excess reactivity is above 0.7%. The “T" mode

s used for extended operation (>3 hrs), beam port or thermal column ex-
periments. The excess p was measured cold, clean critical. In day to day

¢ eration the excess o is quite often lower due to temperature increase of

the pool.
Core Technical Data

Average Thermal Flux 1.6)(1012 at 20U \'w
Maximum Thermal Flux 2.8X10'7 at 200 Kw
Average Epithermal l.ﬁ)no11 at 200 Kw
Worth of Thermal Column 0.37% @ 76°F
Worth of Beam Port Not detectable

Rod Worth

1. 2.64% 11. 2.65% IIl. 3.36% Reg. 0.347% Date 10/22/80

Excess Reactivity 0.905% Shutdown Margin 4,385%

Void Coefficient -4.0X10 -7 p/cm® Date 10/3/80 Limit =2.0X10 -7 p/cm’
Temperature Coefficient -9.66X10 -5 o/°F Date 10/29/80 Limit -4.0X10 -5 p/°F
Zenon Free Temp. Coeff. -1.25X10"> o/°F

Reactivity Addition Rate (max ¥ p/sec)
I. 0.0608p/sec II. 0.0176 p/sec II1I1. 0.0183 p/sec Reg., 0.0226 p/sec
Date 12/30/80

Rod Drop Time {24")
I. 390 msec IlI. 400 msec IIl. 400 msec Date 12/29/80

Magnet Separation Time

I. 35 msec Il. 40 msec I11. 40 msec Date 12/29/80

«ll-



Table 2

Facility use of core or core 4rid plate locations

Number of Facility

B2
B4
BS
B6
B7
B8
c2
C3
ca
C5
c7
c8
D2
D3
D5
D6
D7
D8
D9
ES
E7
E8
F3
F5

Hours Used

0.167
0.47
0.4

1.033
0.167
0.5

0.067
0.833
0.667
.783
533
.30
. 167

..

O O = = D =N = 0O O - O
~

¥
.5€C4
1.0
24.95 Total

w



Table 3

Facility use other than the grid space around the core

Facility
Neutron Chopper

Bare Rabbit
Beam Port
Reactor Console

Thermal Column

2l 3

Hours
1.87
5.56

13.47

800.0

3.728

824.62 Total



Table 4

Hours in Use 1575
Hours available but not in use 505
Hours at Power 188
Hours of Maintenance 824
KW Hours 12258
Hours for Research 7
Hours for Instruction 793
Experimenter Hours 1149
Sample Hours 213
Average Number of Experiments 1.04
Average Number of Samples 0.24
Grams U235 Burned 0.53392
0.63199

Grams 0235 Burned and Converted

Hours in Use: 1is a total of Instruction, research and maintenance hours.
With maintenance hours being only those hours when the reactor remained

shutdown during the entire day.

Y



Table 5
Unscheduled Shutdowns

4-16-80

Rundown; High Area Radiation (setpoint 10 mrem/hr) ... Rabbit tube sampie
became stuck in close approximately to Reactor Bridge and radiation detector.
Building Evacuation Alarm activated and radiation detector. Building Evacuation
Alarm activated and all personnel exited facility. Upor re-entry by Senior
Licensed Operators, the gas pressure to the rabbit tube system was increased
and sample dislodged. Reactor was operating at 200 Kw prior to rundown with
radiation levels on contact with rabbit tube < 500 mr/hr. Maximum personnel
total exposure was less than 20 mrem whole body.

7-24-80

Rundown; High Area Radiation (setpoint 10 mrem/hr) ... N-16 <.ffuser pump
discharge nozzle mis-aligned. Re adjusted nozzle and returned reactor power
to 200 Kw. Reactor at 200 Kw prior to rundown with radiation level at area
monitor <12 mr/hr.

7-25-80

Dropped Shim Rod; No alarm ... Shim Rod 2 magnet current to low. Readjusted
current in accordance with SOP and returned to power. Reactor operating
at approximately 20 watts prior to rod drop.

9-11-80

Rundown; High Area Radiation (setpoint 10 mrem/hr) ... Operator failed to
turn on N-16 diffuser pumps for reactor operatici >20 Kw. Reactor was at

200 Kw with reactor bridge area radiation monitor reaching 12 mrem/hr prior
to rundown.

9-15-80

Rundown; High Area Radiation (setpoint 10 mrem/hr) ... Spurious trip of newly
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instalied system. Reactor at 200 Kw with normal radiation reading on all
channels during rundown.

10-29-80

Rundown; High Area Radiation (setpoint 10 mrem/hr) Due to extended operation
of rea.tor at 200 Kw the Intermediate level area ez iation monitor (next to
demineralizer) reached setpoint and caused a rundown. Portable HP instruments
indicated radiation levels of <20 mr/hr. Area radiction monitors were adjusted
to 20 mr/hr a 4 reactor was returned to a power level of 200 Kw. Facility
technical specifications allow radiation area monitor setpoints to be < 30
mrem/hr.

11-5-80

Rundown;  120% demand ... student operator failed to change Linear NI selector
switch while increasing reactor power from 6 watts to 20 watts. Reactor power
approximately 7.2 watts.

11-5-80

Rundown; 120% demand ... student operator changed Linear NI selector switch
while decreasing reactor power before system reached indicated range. Reactor
power level 8 watts.

11-14-80

Rundown; 120% demand ... student operator faileo to change Linear NI selector
switch while increasing reactor power from 20 to 600 watts. Reactor power

was 24 watts when rundown occured.

11-17-80

Rundown; 120% demand ... student operator failed to change inear NI selector
switch while increasing reactor power from 20 to 600 watts. Reactor power

was 24 watts when rundown occurred.

11-18-80

Rundown; Reg Rod insert limit in auto ... student operator placed rod control
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in auto with reg. rod on insert 1imit while prepairing to do rod worth
measurements. Reactor was at 20 watts prior to rundown.

11-21-80

Scram; manual ... during routine shutdown of reactor shim rod 3 would not
insert {or withdraw). Manual scram was innitiated b, the ~nerator. Upon
investigation it was determined that the rod drive motor was inoperable
(openwinding). Reactor was operating at <20 watts prior to scram (SR1 & 2
were being rundown).

12-10-80

Rundown; 120% full power ... Pool temperature was at 68°F due to maintenance
on shim rod drive motor. The Nuclear Instrumentation system was alligned
and calibrated with a pool temperature of 73°F. This difference in pool
temp resulted in a Linear NI reading of 180 Kw and a L.og N NI reading of

230 Kw. The power range NI detectors (callibrated at 73°F) were reading

85 to 90% of full power. Reactor was at approximately 180 Kw and was operated
at this power ievcl following the rundown.

01-08-81

Rundown; 120% demand ... student operator did not change selector switch on
Linear NI during a power increase from 6 w to 20 w reactor power level 7.2

watts prior to rundown.

-17-



Table 6

Maintenance

04-09-80

Repair N-16 diffuser pump #2. Electrical connection broke off during operation,
probably due to vibration. Replaced terminal and returned to service.

04-14-80

Replaced Shim Rod #2 rod drive brake solonid. Open coil resulted in drag
(slower speed) on rod drive for both insert and withdrawl. Tested for

correct rod drive speed and returned to service.

C5-27-80

Adjusted warm gear clutch on Linear recorder. Recorders were sticking on low

end of scale.

06-26-80 to 07-18-80

Rewired (in conduit) Intermediate and Lower level of reactor building. Instal-
led Ultrasonic detectors, new High Radiation warning sytem, Beam Port control,
Thermal Column control and Basement Sump high level annunciator system.
07-23-80

Adjusted Linear NI recorder worm gear clutch. Recorder sticking on lTow end

of scale.

07-29-80

Replaced Linear NI amplifier in accordance with Semi-Annual surveillance
requirements. Checked for proper allignment as noted on Semi-Annual Checklist.
08-26-80

Completed Control Rod Physical Inspection as noted on Semi-Annual Checklist.
09-27-80

Completed installation of new Radiation Area Monitoring System. Checked for

proper operation, calibrated with source and placed in service.
-18-



12-08-80

Replaced Shim Rod #3 rod drive mctor (Model # 05088-FPE25L-107-5) with one of
Similar type (Model # CDA 211454). Open winding in origional drive .iotor
prevented either insert or withdrawl (no torque). Replacement «.tor has
slower withdraw] and insert speed (5.8 inches/min vs. 6.0 inches/min).
12-22-80

Replaced Power Range Uncompensated Ion Chamber detector #1. Aligned system
and checked fcr proper operation. Reactor will be power calibrated during
Semi-Annual surveillance and detector will be physically adjusted with
respect to ccre at that time.

12-23-80

Renlaced suction hose for pool ski'mer by draining approximazely 7000 galluns
of pool water. Water was sampled pefore during and after discharge for
radioactivity. (A1l samples within 10CFR20 1imits). Refilled pool and
commenced purificatior of water. Completed Semi-fanual surveillance
requirements as noted on Semi-Annual Checklist.

2-3-81

Replaced Shim kod #1 Control Rod Drive Motor Mo-lel #05088-FPE25L with re-
wound Shim Rod #3 motor. SR #1 motor shipped out for rewind (open winding)
by 0.E.M.

2-10-81

Re-wired and installed new relay control for under water pool lights.

-19-



VI Public Relations

The reactor staff has put €orth considerable effort to educate the public

in the field of nuclear energy. Over 2450 persons have toured the facility
during this report period. This includes grougs representina social, mil-
itary, civic, industrial, governmental and educational fields. These groups
are usually given a pre-orientation lecture by members of the reactor staff.
These lectures are 2 ymented by visual aids such as slides and displays.
Many high school, junior coilege and college groups, (from this and other
universities) have attended the various lectures and open houses. Some
groups from other universitias have spent an entire day at the facility be
coming acquainted with the reactor and performing simple experiments. Usu-
ally these groups are from colleges which have no reactor faciiities. A
guided tour by the reactor staff includes a brief description >f the basic
nuclear react.2ns, components of a nuclear reactor, a few specific examples
of how nuclear erergy is used in industrial and educational field and how

nuclear 2nergy helps the environmental situation.

The Nuclear Engineering faculty are members of various social civic, pro-
fessional, and governmental committees. The faculty and students also are
involved in speaking engagements around Missou ~ and several other states
concerning the reactor facility and in recruitir )Hrograms at high schools

and colleges.

The reactor staff is cooperating with several police departments in acti-

vation analysis of samples.




VII. Educational Utilization

Approximately 39 UMR students, graduates and undergraduates have participated
in classes at the facility, .tilizing 1616 student - semester hours of al-
located time. Also students from several colleges, and high schools have used

the facility

The following is a list of scheduled classes at the facility along with the
total hours of Reactor Use for this reporting period.

NE 304 Reactor Lab 54.49 hrs.
NE 306 Reactor Operations 122.25 hrs.
NE 308 Advanced Reactor Lab 114.18 hrs.
NE 300 Speciai Problems 8.03 hrs.
NE 490 Research 0.0 hrs.
Reactor Operator training Program 474.13 hrs.

(via extension)

The current enrollment in Nuclear Engineering is 74 students. During this
reporting period the reactor we~ used 99.9% for i.struction and 0.1% for

research.

The use of the Nuclear Reactor by departments other than Nuclear Engineering
on this campus has continued to decrzase. This condition is a common oc-
cLrance with campus reactors that have been in service for a considerable
number of years. This is reflected in the amount of time the reactor was
used for Research during this (and previous) reporting periods. It should
be noted how:‘er, that the reactor use has remained very high in the area

of training

Tn s clear Reactor Facility was accepted, by the Union Electric Company of

St. lLouis, Mo., to provide serveral two week programs in operational training.

o9l



This training augm«n‘s the first Phase of their Commercial Nuclear Reactor

Operator Training, with actual hands on experience in Start-up, Shutdoan,
. etc. This training was provided during July, September, January of 1980

and March of 1981.



Reactor Health Physics Activities
for the period
April 1, 1980 through March 31, 1981

Health Physics activities at the UMR Reactor Facility consist of radiation
and contamination sucveys, monitoring of personnel exposures, airborne
activity, pool water activity and waste disposal. Releases of all by-
product material to authorized, licensed recipients are surveyed and
recorded. In addition, health physics activities include calibrations of
portable and stationary radiation detection instr.ments, personnel training,
special su veys end monitoring of non-routine procedures.

Routine Surveys

Monthly radiation surveys of the facility consist of direct gamma and neutron
measurements with the reactor at full power. No unusuai exposure rates were
found. Monthly surface con:amination surveys consist of 20-30 swipes counted
separately for alpha and beta-gamma activity. In 12 monthly surveys, no
significant contamination outside of contained work areas was found.

By-Product Material Release Surveys

During the period, 5 shipments of by-product material were surveyed and
released from the reactor facility. Total activity released was 85.084 mCi.
Three of the shipments were Radwaste which accounted for 85.082 mCi of the
total activity. The other two shipments were utilized on the UMR Cainpus.
Routine Monitoring

44 reactor facility personnel and students frequently involved with operations
in the reactor facility are currently assigned beta-gamma, neutron film

badges which are read twice each month. There are five beta-gamma, neutron
area and spare badges assigned. 24 campus personnel and students are as-

signed beta-gamma film badges and frequently TLD ring badges for materials

w23-



and X-ray work on campus. There are 20 beta-gamma area and spare badges
assigned. In addition, 7 direct-reading dosimeters are used for visitors
and high radiation area work. There have been no personnel over exposures
during the period.

Airborne activity in the roactor facility is constantly monitcred by a
fixed-filter, particulate air monitor (CAM) located in the reactor bay.
Rb-88 and Cs-138 are the particulate daughters of Kr-88 and Xe-138 which
are monitored particuli te activity above the natural background of Radon
daughter products.

Argon-41, Krypton-88 and Xenon 138 are the gaseous activity routinely
detected during operations.

Pool water activity is monitored monthly to insure no gross pool con-
tamination ror fuel cladding rupture has occurred. Gross counts and spectra
- of long-lived gamma activity are compared to previous monthly counts.

From April through March sample concentrations averaged 4.6x10'6 pci/ml,

Waste Disposal

Release of gaseous and particulate activity through the building exhausts
is determined by r=2lating the operating times of the exhaust fans and
reactor power during fan operation to previously measured air activity at
maximum reactor power. During this period 14.43 millicuries were released
into the air. Released isotopes were identified as Kr-88, Rb-88, Xe-138,
Cs-138 and Ar-41,

Solid waste, including used water filters, used resins and contaminated
paper is stored and/or transferred to the campus waste storage area for
later shipment to a commercial burial site. Radioactive waste released to the
sanitary sewer is primarily from regeneration of the resin exchange column.

During this period 8 releases to the sanitary sewer totaling approximately

-24.-



9,255 gallons of concentrated resin regeneration solution and poc) water
were discharged with a total activity of 0.846 millicuries. Isotopes
released were: Hydrogen-3, Sodium-24, Cr-51, Mn-54, Fe-59, Co-58, Co-60,
La-140, and Ba-140. A1l isotopes released were below 10 CFR 20. Appendix
B, Table i, Column 2 limits.

instrument Calibrations

During this period, portable instruments were calibrated 4 times. Remote

area monitors were checked for calibration 4 times.
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IX Plans

The appendix of this report contains the final report of the UMR-Chancellor-
Nuclear Fecility Study Committee. Several members of the faculty undertcok
this 7 month study to determine the long range plans of the facility and

the cost/benefit of continuing to operate this facility. The contents of
the report is favorable to continuing to operate the rea tor primarily as

an educationa! (training) facility.

During the future reporting period the reactor staff will complete replacement
of all origionally installed, control room instrumentation. The final items
to be purchased consist of two compensated ion chamber power supplies for

the Linear and Log-N Intermediate Range Nuclear Instruments. The Source
Rnage, Magnet Power Supply and Power Range equipment has been previously

purchased and needs only to be installed.

There will be two-ten day Reactor Operator Training programs in August or
September of 1981 for Union Electric Company of St. Louis, Missouri. With
the completion of these two programs our service to U.E. will be completed
for their initial operator licensing effort. Continued programs (One-Ten
day class per year) will be for only replacement operators and new profes-
sional employees. There are plans to obtain another steady customer from
the utility industry, whose initial licensing effort is underway or just

beginning.

The facility is still involved in a re-licensing effort that began in
November of 1979. We have been informed by the NRC that their review of
the initial facility documents will be completed and the resulting questions/

answer series will begin during the future reporting period.
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It is anticipated that the reactor staff will be expanded to include Three
Senior Licensed Operators. Operator Licensing exams for One SRO and TWO Ro's
will be given in June of 1981. The current plans call for an increase in
licensed operators without acquiring any new personnel. These individuals
scheduled for licensing have been members of the staff for some time and

will therefore, require only a change in Job Title/Duties. This should allow
the facility to expand ’t's operation without (or only minor) increase

in operating cost to the University.

<27~



X Summary

The University of Missouri - Rolla Nuclear Reactor was in use approxinately
136% of the time class was in session at the university (40 wks) or 82% of
the total available time based on a 2080 hour work year. These previous
precentages utilize the old established method for use rate and are some
what misleading. A more reasonable percentage of use would be 501(1)
and 39 %(2) respectively. The total maintenance time of the facility was

824 hours (39%) which provided a total availability (reactor operational)

of 1280 hours (61%).

It should be noted that during this reporting period approximately 350-hours
of maintenance time was used for new equipment installation and that the
facility was operating with only two licensed Senior Reactor Operators
(normal compliment of three).

A total of 12.26 megawatt hours of energy was produced using 0.6312 grams of
U-235. The ratio of usage was 99.9% for instruction and 0.1% for research.

A total of 216 samples was irradiated during this reporting with most samples
being used on a intra-campus basis.

The reactor was visited by 2450 people during the past year. At the same
time there were 36 UMR students enrolled for courses at the Reactor Facility.
The Facility was thus comitted to over 1836 student-hours of classes in-
volving about 27 huurs per week during the Fall and Spring Semester. There
were no classes at the reactor during the Summer of 1980 to allow for an
extended maintenance period.

The facility continues to be utilized by electrical utilities for operator

training. Four-ten day and three-five day non-credit university extension

(1) Hours of Instruction & Hours of Research

1600 hours
(2) Hours of Jnstruction & Hours of Research

2080 hours 28~




programs were completed with approximately 440 hours of facility time being

used for these programs. These programs provided $72,474 to the Unive sity

with net revenue of $25,640 to the facility. These funds are and will be

used to purchase new or replace out dated equipment.










Semi Annual Check List

Date Commenced DEC 2 2 m

Date Completed OEC ;

Total Hours on Hour Metera
1. Vacuum Tube Test and Clean Chassis

a. Log N Power Supply
(1) Cleaned chassis
(2) Tested all vacuum tubes

Replaced: tube # tube type
L~ 4 SLeL/
— (3) Additional Comments
Nane®”* ﬁ/75¢a£
b. Linear Power Supply

(1) C(Cleaned chassis

(2) TesteAd »°, vacuum tubes
Replaced: tube # tube type

(3) Additional Comments

Wt

Initial

/A -43-0

L5



Linear Pulse Amplifier
(1) Cleaned chassis
(2) "Tested all vacuum tubes

Replaced: Ltube #§

P L SO ¥ . L 4
_..[__2\_ -l = -é i’.'.j._,

(3) Additional Comments

y ///;/AC

Sy 3

Scaler Timer
(1) Cleaned chassis

2) Tested all vacuum tubes

Replaced: tube #§ tube type

(3) Additional Comments

(1 » m >

Safety Amplifier

(1) Cleaned chassis

)

(2 Tested all vacuum tubes

Replaced: tube #




(3) Additional Comments

f. Area Radiation Monitor %
(1) Cleaned chassis » X
(2) Tested all vacuum tubes ‘
Replaced: tube § tube type

(3) Additional Comments

Syskm 15 wew Salio STk

- g. Micro-Micro Ammeter M
(1) Cleaned chassis _ﬁ%

(2) Tested all vacuum tubes
Replaced: tube # tube type

(3) Additional Comments

Hicer - Haeor HupeeZie SN |94 €3 Lestoveo sua BlIeE: - Mid s Avmsice.
SV |9és0 BB wslaldeén .

h. Fission Preamp e A /A -AY-&
(1) Cleaned chassis and inspected _/_

(2) Additional Comments



i. Public Address System

(1) Cleaned chassis

(2) Tested all vacuum tubes
tube #

b

Replaced:

(3) Additiona! Comments

o

j. Log Count Rate Recorder
(1) Cleaned chassis
(2) Tested all vacuum tubes
Replaced: tube #

(3) Additional Comments
g

k. Linear Recorder
(1) Cleaned chassis
(2) Tested all vacuum tubes
Replaced: tube #

tube type
AN~
ya-24-¥
y£7 &3
tube type
13- 2457
Ly 3
4%5
tube type

(3) Additional Comments

<



Period Recorder
(1) Cleaned chassis
(2) Tested all vacuum tubes

Replaced: tube #

(3) Additional Comments

A7
o'/‘///\v —

Log N Recorder
(1) Cleaned chassis
(2) Tested all vacuum tubes

Replaced: tube §

Additional Comments

“//243\,4

60
Cleaned chassis
Tested all vacuum tubes

Replaced: tube #

Lqpe_}jlu\



(3) Additional Comments
Y
~ ‘77~v¢— 4~

0. Regulated Power Supply
(1) Cleaned chassis
{2) Tested all vacuum tubes

Replaced: tube #§ tube type

(3) Additional Comments

- Lo STet, Coukpw's
Ggrlgic, Foe Syply is s Sl 93, Gaic

p. Conductivity Brigge
(1) Cleaned chassis
(2) Tested all vacuum tubes

Replaced: tube ¢ tube typc
Ahnaﬁaﬁwaa<ﬁbw~6b7?3.
0“)0“47”/7'1 ?”'77¢ /5 fl//'/) S’ }kﬁ;‘ d
q. Safety Amp Preamp /}'ﬁ‘/"

(1) Cleaned chassis (@iﬁﬁgz
(2) Tested all vacuum tubes ‘22¢22:i

Replaced: tube # tube type

(3) Additional Comments

.



Relay Test

a. Console relays tested and replaced as per SOP
b. Additional Comments d;fzzhkr<;_

Detector Resistance
Safety §1l Value

& /
(1) Signal to rround 3

(2) Positive to ground __*_M.g'z

(3) Additional Comments

Safety §2 Value Initia

(1) Signal to ground e fz XIO,’ TR o

(2) Positive to ground S § T

(3) Additional Comments

Log N

(1) Signal to ground
(2) Positive to ground
(3) Negative to ground

(4) Additional Comments

Linear

(1) Signal to ground o i Am _
2) Positive to ground j“o'

1

|

(3) Negative to aground

(4, Additional Comments

Calibration Checks

Note: Any instrument found to be out of calibration should be

realigned in accordance with its technical manual.




A.

Temperature Recorder

1. Reading 4 Thermometer Recorder
1 32 -0 by - SSLERTIE
2 32 33
E 32 U - R
1 140°p |30
2 140°F 141
3 140°F | 40
Note: All readings should he 14_"?
2. 135YF Interlock Trip Point Initial
1357 '47_
Log Count Rate Channel :
1. Pulse Generator* Meto Recorder Initial
10 1" [0 L3
100 Al Cryz
1000 1/00 S D00 o/ ad
10,000 lwe 2930 L3

Note: All readings should give .7 to 1.4 ratio of truc-to
observed readings.

2. Additional Commants

7/rne

Linear
1. Keithley Meter Recorder Initial
6.66X10 > £ 4f (00 Do (2213
k.

2.ox10'_56 &.0 1009, ey 3
6.66X10 ; ¢ A3
2.0x10"° j . % fatt
. ‘ d 9? l

é::z:é%

6.66x10°7 _ /.pP 2y

2.0x1077 2 4 [02 % L3
6.66)(1?;8 ki 26% Lerzz3
2.0%10 il L R Lrr3.
| TN 77 4 N LrZ3
2.0x10°7 2 9 e | W7 L4
6.66x10"10 . Bh T L) 3
2.0x10710 /54 27% L%

Note: From 10 ° to 10~ the overall accuracy should be better
then 2% of full scale.

-



-9

From to

be
Additional

‘///ﬁﬂ =

Log N

3IX10
better

l. Mt"‘t("x R_'-r‘/

100
10 7
! il
0.. 0.
.01
.001
0001
Note:

The ratio of

between 0.7 and

Additional
7
,""L(

Verification of Rod Drop Times

a. Rod # Rod Height

(inch)

G

i 2

(%

24

£

12

1%

24
-

12

18

* e

Date performed

Director or Superviso

¥ by

3X10
than 4%,

rder

N

i

444@&;N
L 0,00/3
0. 00548

true~to~observed
P

Comments

Dﬂ;.a 1980

=1J the overall

Comments

Keit hﬂl.’v}
Ak, N

P RN

T SN
O. 0L
0.0028&

d. Aaaaa’

readings
4,

X

:;(; ira’ion
50 msec

:LMT

Ilml

Preformed by

CZ&M(Z?'“

Sof 305

accuracy should

In»i_»r 1al

Lragxs

Va7 <4
Wi A1
- L1
Loy 3
Al

L3

z2ld be

Rod Drop Time
(€ 600 msec at

R3O0 _
2?0

360

o o
230

24’




10.

Void Coefficient Determination

a. Value of void coefficient :1‘2 XLO » % AK/K/cm’

b. Calculation performed by s
. Date performed [oj]7 9 r

d. Director or Supervisor

Temperatu.e Coefficient Determination %
ol . )

4. Value of temperature ~vefficient = ’._é_‘_xtg 1“/.25&’09; % AK/K/°F

b. Calculations performed by é 7 SBCRURRS T ARECR

c. Date performed R e §

d. Director or Supervisor I

Rod Speeds
Time (Sec) 1. 131, Req.,

1.
0-24" 2377 2406 2475 ‘ZZ

(3) Additional Comment

Date DEC 29 jggg Performed By -

Rod Indicator Calikration

Indicator Reading %

Actual Height I. II. 13X, Req.
3 Tl B LSl [ [
6" e e 1 6 '

12" J.ﬁt%_ .sz: B RN - A
8" 2 N - | t i 7 {2
24" 24 24 24 ’2-74

Results of Annual Control Rod Inspection

M Qe o0 Har S, o]
A. Control Rod Number 1

# V“Iuei to:l‘.“l

—

-1N.



“11.b Control Rod Number 2

'S -

1l.¢ Control Rod Number 3

d. Date Performed

€. Director or Supervisor &

wite



Date lZ:’Zﬁ 19_@

I have reviewed the results of this Semi-Annual Check on this date
and discussed any problems and/or errors with the operating staff.

Director or Reactor Manager

"3 1080

Fire Rlov o Oy stem C'an,lﬁo{ (a.l( Smoke yJa T anef Minsaf Pull Sifoms )
Yo &IJN“_ aved femste (Copons Polie) s ibins . Tl Sharans c.L.J:.,,(\

N ‘B‘dbpv E“K“f also ’M/

Pre s ) 1880
g@c u-.;“a} {V s‘fen\ Tt.f?‘eo( ‘QV all g?;M /S erct\ Canse
z?‘m‘(e ma/u.q“u (&w, UM&&,&,{&#

-12-



Semi Annual Check List

Date Commenced JUL 28 1980
Date Completed

Total Hours on Hour Meter (0'706¢2.%7

Vacuum Tube Test and Clean Chassis Initial

a. Log N Power Supply ‘£¥2223’
(1) Cleaned chassis Z‘Z;QZ

(2) Tested all vacuum tubes

Replaced: tube #
V4
Y7

(3) Additional Comments
None

b. Linear Power Supply
(1) Cleaned chassis
(2) Tested all vacuum tubes

Replaced: tube #

\/3~
V4
v_ ]

Additional Comments

None




Linear Pulse Amplifier
(1) Cleaned chassis
(<) Tested all vacuum tubes

Replaced: tube §

//41 .

(3) Additional Comments

None

Scaler Timer
(1) Cleaned chassis
(2) Tasted all vacuum tubes

Replaced: tube #

o S

peul v

Pcul v4
Pcui V|

(3) Additional Comments

Dcu | VI vY ceak /‘;
0( ry 3 V, L-C,Jk

Safety Amplifiex
(1) Cleaned chassis
(2) Tested all vacuum tubes

Replaced: tube #

_;%1!5' ;

941)

t_nh('_ tilw_




(3) Additional Comments

f. Area Radiation Monitor
(1) Cleaned chassis
(2) Tested all vacuuw tubes
Replaced: tube #

v/

F-2F-¥¢

(3) Additional Comments

g. Micro~-Micro Ammeter
(1) Cleaned chassis
L (2) Tested all vacuum tubes

Replaced: tube #

//

tube type

__jb

HZ

(3) Additional Comments

h. Fission Preamp

(1) Cleaned chassis and inspected

(2) Additional Comments

a3



i. Public Address System

7

e (1) Cleaned chassis
(2) Tested all vacuum tubes
Replaced: tube # tube type
7/
(3) Additional Comments
j. Log Count Rate Recordrr
(1) Cleaned chassis
(2) Tested all vacuum tubes
Replaced: tube # tube type
V' JRAX7
fe OS  NAERRRY - Y ¢y A
(3) Additional Comments
k. Linear Recorder
(1) Cleaned chassis
(2) Tested all vacuum tubes
Replaced: tube #§ tube type

(3) Additional Comments



Period Pecorder
(1) Cleaned chassis
(2) Tested all vacuum tubes

Replaced: tube §

Y evee

(3) Additional Comments

m. Log N Reccrder
(1) Cleaned chassis

(2) Tested all vacuum tubes

Replaced: tube #

Lzzq e

tube type

Additional Comments

60
Cleaned chassis
Tested all vacuum tubes

Replaced: tube §

tube type




(3) Additional Comments

Regulated Power Supply
(1) Cleaned chassis

(2) Additional Comments

P. Conductivity Bridge
(1) Cleaned chassis

(2) Tested all vacuum tubes

Replaced: tube §

A&é/ Solio S7n7%

tube 4&2e

mV

V)
LV_

q. Safety Amp Preamp
(1) Cleaned chassis

(2) Tested all vacuum tubes

Replaced: tube §

(3) Additional Comments

Relay Test

b. Relays Replaced

MLO

Corsole relays tested and replaced as per SOP 815

k- 3o0




o 2 &

(e¢) Additional Comments

- 3. Detector Resistance
. a., Safety §1 Value
(147) Signal o ground LS 7

(149) Positive to ground 2.0 ;(14‘

Open Circuit Resistance__L;(;ol4

3 b. Safety §2

(143) Signal to around V200" |
‘ (145) Positive to ground ¥.E xo° ]
: Open Circuit Resistance |y, o/t .
ﬁ ¢c. Log N
l (125) Signa! to ground 5 '31
- (123) Positive to ground 3.24107
(121) Negative to ground L.C X'

Open Circuit Rusistance }x»ul¢

d. Linear

a
(114) Signal to ground 5 6 x0o
(112) Positive to ground ?‘}{pﬁ «
i (110) Negative to ground .2 x ¢ r
] Open Circuit Resistance |y,o't :
4. Fire Alarm System Tested as Per SOP 817
5. Calibration Checks :
LA ;‘1"";
- Note: Any instrument “sund to be out of calibration should be 1
; . . !
e realigned in accordance with its technical manuel. |
2 i
! i
A. Temperature Recorider ;
L. Reading ¢ Thermometer Recorder ;35
1 320F P e "
2°F v —4 32 .
: 32°F .
- -
N 3 320F sS3 |

] 160°F |6/ |
" 160°F T AR ‘
160°F - =

Note: All readings should be L 4op

N

[PV

2. 135°F Interlock Trip Point

135 -,




Log Count Rate Channel

1. Pulse Cenerator* Recorder Initial

10 [ D
100 [RO
1000 /200 1202
10,000 LS00 oo
Note: All readings should give .7 to 1.4 ratio og/{rue—to
nbserved readings.

Additioral Comments

Linear

| Keithley Meter Reco:'der (%) Initial 700/"52

.66X10™3 6. 4¢ P9 (w3
.0X10™3 /.97 _9%2% (23
.66x10"° 4. 47 100D RCr7744
.0x10~® A.05" (éfég WLk
oex10"" L 44 99 %0__
.ex10”7 4.0 /20 Y

.66x10"% /47 /) Yo
.0x10~% As O 10/ %

.66x10™2 [47__ yory?

.0x10"? ¢,

.66X10" ya 72
2.0x10”10 J02 %

Note: From 10~ "% the overall accuracy should be better

than 2% of full scale.

From 3)(10-9 to 3)\(10-13 the overall accuracy should

be better than 4%.

Additional Comments




Meter Recorder Keithlex Initial
100 103 llo Y
KO e

10 /.0 /4.0
1 s L 30
0.1 2420 e IQO
.01 0/ 3 —n o9
.001 00/Y L0008

.0001 Opells 2 L0020/ ey, —r
Note: The ratio of true-to-observed readings should be
between 0.7 and 1.4.

Additional Comments

Automatic Control System for Regrlating Rod

Final Settings*

Reset [0

Rate time ) 0‘/

Proportional Band 70

Setpoint ’S 7

*Adjust as per SOP 814

Radiation Area Monitor

l. SOP_B06 completed for RAM

2. SOP 807 completed for RAM (Neutron)
Verification of Rod Drop Times

Rod # Rod Height Separation Time*

6" 12" 18" 24" e"
._3_:5;0’11 L 7S vy I4S s ,38”55 [ §ms
R b0 s o BI30ms __3¥0us A0 M5
R 70 ns S §0us _ /8" 45

* T.me calculated by (Time at normal current + 10 mamps) -

(Time at
minimum current + 5 mamps) = separation time.




b. Date performed A 28 1980 Preformed by ,W

Void Coefficient Determination /

a. Value of void coefficient ¥ / B O %AK/K/cm3
b. Calculation performed by /

¢. Date performed Ney lg . j_ﬁz

Temperature Coefficient Determination

-3
a. Value of temperature coefificient ""5_.‘ X‘o WK/K/°F

b. Calculations performed by

¢. Date performed _ﬂgy Zl”?ﬁ

Power Calibration as per SOP 816

a. Additional Comments 3/27/Kb

RoA Speeds (SCC:)

Time I. IX. 111. Reg.
o-24* 2403 2368 2374 62

(3) Additional Comment

Da teWer formed By . 5

3 1B Rod Indicator Calibration

Indicator Reading
Actual Height 1I. II.# ITI., * Reg ¥

1" _ ol ke | 1
6" 7 - & 4
12" e 12 [2 # Velves T Y/ wda

18" = SRR | NN ) ¥ /S '

24" @ T TORRRR. TR ¢ S !

Results of Annual Control Rod Inspection.,

>

A.l Control Rod Number 1

Z mr top
1.25 R at bottom

Top cleaner than usual. No unusual signs of pitting and cracking.




A.2
'Il

cC.2

Control Rod Drive Mechanism Brake and Solonid g—
Control Rod Number 2
S mr top

4 R at bottom
Top cleaner than usual. No unusual signs of pitting and cracking.

Control Rod Drive Mechanism Brake and Solonid ﬁ-—

Control Rod Number 3

5 mr top

€ R at bottom
Bow 10" from bottom §.00504s, Noted during inspection, will continue
of

observance.

Control Rod Drive Mechanism Brake and Solonid&"
T

=}le



d. Date Performed AUG 2 5 1980

e. Director or Supervisor __41553?:;7

Date __Z,,__Q‘__n 5/

I have reviewed the results of this Semi-Annual Check on this

date and discussed any problems and/or errors with the operating
staff,

Director or Reactor Manager

ol e



UNTVERSITY OF MISSOURI“ROLIA =« NUCLIAK HEACTOR

- - — D W = i ——. . s s~ et

STANDARD OPERATING PPOCEDOUN

M17 I!'M,'l 1 or )

rITLE I'ire Alarm System

Ihe UMR Nuclear Reactor building, fire alarm system consists of two type
f detectors; four heat sensing units and two smoke detectors, plus two
manual alarm station,
'he system has a built in circuit failure warning system with an audible
ind visible alarm at the control box.
fhe alarm system is normally powered from building power, with batteries
a backup
actual alarm is initiated an internal and an external building
1larm 1s sounded and when the building security system is in opera-
i remote alarm is sounded at the campus police headquarters.

Replace the emergency power supply batteries in the battery box.

fest emergency power by securing power to the alarm system
(switch 32 in the power panel) and text system operational.
/
>

-\/(. Check the four heat detectors by applying a heat blower on them
ind acknowledging alarm actuation, audible and visible and their
resetting after the heat is removed.

two smoke detectors by placing a buraing cigarette on
momentarily removing all power to the alarm control

weck the two manual alarm stations and acknowledge alarm
tuation, audible and visible and reset.

ion lights operational,

L 28 o
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\BSTRACT

icilities Study Committee has been charged
ecommending to the Chancellor of the
uri=-Rolla (UMR) the facilities that will
isty the nuclear needs of the University
., The committee has considered four

Nuclear Reactor, 2) Thermal-

3) Radiation Damage and Effects

Fusion Research Center.

1eves that to maintain a strong Nuclear
UMR must continue to have an operating
Therefore, the refueling of the reactor is

EItVs

lydraulics Laboratory should be established
purposes within the Nuclear Engineering

velopment of research in the area of thermal-
accomplished only by hiring additional
aXperience in this field,

th fission and fusion reactors require extensive and
study of materials properties and of the change
properties under adverse physicochemical #»d radia-

onments assoclated with these types of r -ors.
1 already has considerable research capability in
should expand i1ts research efforts by buying addi-

pment needed for the study of irradiated materials.

research effort at UMR should be ex-
iboratory experience of students and
1es for interested faculty. UMR should
in developing fusion technology.




INTRODUCTION

‘ommittee was appointed
1l of 1980 and was charged
nmending to him the nuclear
to satisfy the nuclear
of the University for the
was assigned an account fund
invite persons from industry, academia,
ries to UMR for discussions.

ld several meetings, some of which in-
ttee members, and others included guests.
nectings are included as Appendix A.

yrmation that has helped the committee
nmandations was obtained in two ways. First,
prepared and mailed to the chairmen of
ineering departments and to alumni of UMR's
program. Factual information and opinions
engineering education for now and the
ted. A copy of the questionnaire and the
8 are included as Appendices D and E. The
thought out and very useful for the
nd, several persons knowledgeable in
invited to « cuss with the committec
experimer | facilities. The persons
t o WOT ¢
Y, Superintendent of Training,
Company

ger of Advanced
Power Company

or Analysis and
ional Laboratory

the UMR Reactor
UMR Reactor

meritus of
ering, UMR

nces, UMR
erator, UMR Reactor

UMKC.




ne and titles of these persons, it
comnittee attempted to obtain opinions,
from people whose backgrounds encom-

related to nuclear education, re-

ancellor's guidelines, the committee
commendations in answer to the following
the facilities that UMR should

iatisfy the needs for nuclear educa-
next two decades?”

interpreted 1ts task teo be not "how
ither "what 1s needed for..." There-
ccommendations are based on the firm
ominent technological institution

the forefront of educational and re-

upport cnerqgy technologies, Recom-

four areas, These are: 1) Nuclear
vdraulics, }) Materials and Padiation




NUCLEAR FACILITIES

clear Reactor

into operation in December 1961.
only been used for education,
has been and remains a prime
come to UMR for such events

n Day, and Merit Badge Day. The
a campus facility, and the committee
continue to serve as such.

t time, the reactor's primary function
educarional laboratory for undergraduate
nts in nuclear engineering courses. It
trom departments other than nuclear
ly to irradiate samples for activation
it1ion damage studics.

is the major experimental facility for
engincering program. As the comments of the
t the Reactor (App.B), the nuclear engineering
App.C), other nuclear rcactor departmental chair-
), and nuclear engineering alumni (App.E) show,

]

r 1s considered to be an important asset for
ngineerinc education. No university can conduct
nuclear <ngineering proaram, either graduate or
» without a nuclear reactor. If UMR did not
‘tor, 1t would be very unlikely that it would
10W. fince the reactor exists and is operating,

1

down would constitute a decided loss for UMR.

1ate

to estimate the replacement cost of
» when the facility was constructed and
about $140,000. The cost of the fuel is
18 amount, because the Federal Govern-
. The Government still provides fuel
it no cost to the academic institutions.
of the reactor today would be about
ne original cost adjusted to 1980 dol-
th the Consumer Price Index. The task
or is presently of such magnitude
any academic institution in the
an endeavor.

operating with its initial fuel,
fe of nine years. Because this
reactor for 20 years, it would not be
r more of the fuel elements developed
ncrease the radioactivity of the pool
1se, 1f new fuel is not obtained, the
¢ shut down.




The annual operatina cost of the reactor is about
000, the major portion of which is used for the salaries
wages of the present staff of 5.5 FTE's:
Director

Manager (Sr. Operator)
Reactor Maintenance Engr. (Sr. Operator)
Electronics Technician

Receptionist

id LLab Mechanic

mmittee believes that the reactor will continue

f the major facilities if not the major experi-

'11ity for the nuclear engineering program at UMR.
nuclear engineering baccalaureate graduates will
be employed by utilities operating nuclear power

this reason, the experience the students gain

xperiments with the reactor is and will be
been proven to be in the past.

r for research is at the pres-=nt
W e is due to a wariety of fac’
lequate staff and 11y ited operation at max-
f insufficient co 'ling. These factors
the lack of inter.st on the part of the

commends, in order of funding priority,

rhe present fuel, which is of the MTR

vactor) type is not routinely manufac-
current use. Nearlv all the research
TRIGA (Testing Reacto. Isotopes -

of the TRIGA type, not only be-

ind more easily obtained than the
importantly) enriched to less
enrichment means that it is

ever increasing Federal security

‘efueling the reactor would be for
to the Savannah River Laboratory”*.
be between $25,000 and $50,000
t of the new fuel would be borne by
out the expense of shipping and
d be in the range of $2,000 to
orne by UMR,

ontrol TRIGA elements and
are stored at the reactor
instrument for steady-state,

s e lalal Yoray




mmittec recommends that the Director of the
1would not hold another major administrative
given the responsibility and the resources
of on and off-campus users to achieve
¢imum utl 2 ion of the reactor.

Before the : the staffing recommendations are put
ward, 1t is necessary to explain the special nuclear
: sed by Federal regulations imple-
lear Regulatory Commission (NRC).

, according to NRC requlations, should
peratcrs who are licensed by the NRC.
f operators. One 15 a Reactor Operator
Senior Reactor Operator (SRO). A
ecome either a RO or a SRO has to study
'xperience in operating a reactor before
xdministered test. To become a RO, a
worked in a reactor facility for at least
ne SRO, the requirement 1s at least one

cnses are issued for a specific facility,
To keep a valid license a SRO or a RO
lcation examination once a year and
that he has completed at least one
change, e.g., change of power or

juarter. The requalification exam
tered by the NRC.

ictor, the NRC requires the

in the control room during
during any change in power.

start up the reactor
control roc-..

Iln the

llowed to start up the reactor
person ig in the control room
*:8sarily an operator, a secre-
could be the other person).

reaches the desired power level,
he control room, but he must
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v addition to opcevating the reactor, the members of the 3
taff perform the followinag tasks:
‘ ’ /,.,”f 11! . !1‘,."““ \nce., '
i (b 1libration of instruments at regular interval
' 1S required by the NRC.
‘ ) Preparation of jeriodic reports required by the -
(d) reparation of reports requested by the NRC from
‘3 1 mie I s Lmoe °
‘ ervices provided for courses involving the
reactor (mainly NE 304, NE 306, and NE 308).
(f Services provided to any faculty member who wants ‘
tOo use the reactor. .
: | NRC regulations relative to reactor operators mean
? tt an operating nuclear reactor should have at least two
| perators, at lcast one of whom should be a senior operator.
g ~ith only two operators, however, meaningful operation of a
b { Llity 18 questionable because leaves, sickness, and ab-
' ¢, for a variety of reasons pose operational problems.
r full utilization of the UMR reactor, the committee re-
. mmends three SROS*, one of whom might be the director,
b . i two RO’
! rder to have a sufficient number of RO's, the present »
A actor management has encouraged the electronics technician ;
i ind the secretary to study and take the RO examination. The
mmittee recommends that the campus administration support ]
P by rewarding the staff members who obtain a RO j
] %
“ itions f the secretary-receptionist, electronics -
. ) n, nd custodian are not required by the NRC. Ex=-
¢ has wwit, however, that these positions are neces-
1Y or proper operation of the facility.
abilat for Continuous Operation at Maximum Power: ‘
hen the reactor operates at its maximum power of 200 kW, the
l iter temperature in the pool increzses at the rate of abou* '
- .
x|
i .
* Until 1979 the reactor had three SRO's. In 1979, one SRO .
resigned, and 1in 1480 one FTE was abolished from the reactor
L I
¥ §
% .
, )
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Aftog ' 1 roht-lour operation, this temperature
mt ] "F, depending, of coursz, on the ambient
ure. At about 140°F, the resins of the deminerali i
igh which the water continuously circulates, begin
the resins loge their ion-exchange effect iveness
] r temperaturd It 1s standard practice to keep

‘rature as low as possible, because high temperatures ]

) the resins. It the melting temperature
Nne 1 "81in na | o L l~'pldl‘¢'-i.

A * e 'l‘lil'lu"l.!“ Of | T poo \’0'(‘[(‘(]?}(‘5 by ()nly

i vernignt, it 1 IMmpo ible to operate the reactor
power the next dav., F'or this reason, the staff tries
long runs ¢t Fridays so that the pool may have ade-

ime ¢ cool iring the weekend.

ybv iou rhat ‘ontinuous operation at 200 kw,
Foany experiments requiring large neutron fluence,

iible, For thi reason, the committee recommends

Ling capabilit [Or continuous operation at maxi-
'r 8 1ld be added. The cost of providing this cool-
Dllity at 200 kW is estimated to be about $30,000

3
eoulpment ind 510,000 for installation)

Oof Powe, to 1 MW: NO extra fuel is needed to increase

'Y from 200 KW to 1 MW, A e necessary, however, to
* one new meter (reco-der) which costs between $17,000

Lhe power 18 increased to 1 MW and adequate cooling
ed, many new experiments and new research projects

pcrformed Experiments could be designed to show
tion between core physics and coolant parameters,
tant flow rate, coolant temperature, and coolant
1! erl ; t O1 l’l"f‘.\"?"v

time, the flu 18 0f the crder of l(')l"n/cm

r can 1Ly operate at a maximum power for about
betore an extended cooling down period is required.
Lmuan ntinuous fluence to which a sample can be
1bout 10t "n/em” . Unlimited operation at 1 MW will
f al (L0 "n/em” "8 available for as long a time
rea the i red fl nc
ipment: Accessory equipment, which would improve
rch capablliti of the facility, includes a fume hood
for mple preparation, a Thermo-Luminescent Dosi -
)} reader, and an improved pneumatic tube sample in-
tom, he total cost estimated would be $15,000.
le | summarize these recommendations,




TABLE 1

IS FOR THE UMR REACTOR

Cost (10‘&)

50
Reactnr Operator 20 (annual cost)
“cchnician 20 (annual cost)
Capability 30
of Power to 1 MW 20

sory Equipment 15

rmal ——H‘}".xnau‘l ics Laboratory

fluid mechanics are two technical areas
~tance to all fields of engineering. At
instruction in these areas are performed
of the departments of Chemical and
The nuclear related thermal-hydraulics
eived the neceded attention or the interest
y time of nuclear energy development.

either instruction or research in
of the problems of commercial nuclear
thermal-hydraulics part of the plant
part (reactor core). Because about 80%
graduates are hired by utilities that
essential for nuclear engineering
Xpo through laboratory courses, tOo measuring
1ipment, and systems that are associated with the
fluid mechanics areas. For example, the
temperature and heat flux in boiling and forced
casurements of velocity and flow rates,
p, compressor and turbine performances are
experiments that should be a part of the
. curriculum. At present, such experiments
to the nuclear engineering students at UMR.
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-hydraulics, it is recom-
UMR establish an instructional laboratory to
needs of nuclear engineering students. The
will need approximately 1000 £t? of space and an

investment of about $80,000 for equipment, instru-

supplics. A list of suggested equipment is

ind
n in Table 2 in the order of importance. The pieces of

ble 2 are sclf-contained experimental
le 1n the marketplace and easily

*lear-related, thermal-hydrauvlic research,
faculty members should be hired: one with
tive and boiling heat transfer and the
st in fluid mechanics and two-phase flow.
crs should have demonstrated through pub-
rong interests in nuclear-related thermal-
It would also be very desirable for
bers to have interests in both the experi-
nalytical phasecs of these topics. Suitable
pace of about 500 ft“/person and an initial in-
$100,000 per person for establishing and develop-
'ntal research facilities appropriate to their
also be provided. It should be expected that
faculty members would acquire annual external

least equal to their salaries.

TABLE 2

CQUIFMENT NEEDED FOR THE

[NSTRUCTIONAL THERMAL-HYDRAULICS LABORATORY

Cost (10°$)

)

ind Film Boiling System 10
Forced Convection System 6

Conduction System 11
3
—)

mp, Multifluid
Tower System

TOTAL
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yge conditions expected in a particular

ladiation Damage and Fffccts Research Center
mment D =
, mit ‘s basic premisec is that nuclear fission
lants will continue to be used and that nuclear '
~ .r plants will continue to be developed. Both
power plants mu=t use materials that are subjected x
\nd tile environacnts. The "hostile" environ- !
' » physicochemical (pressure-temperature-contami- c
ind/or induced by irradiat:ion. In either case, per- '
ANCE naterials under such adverse conditions over
periods of time (-30 years) vould be of great concern “
iteri iontists and nucl2ar engineers well into the .
entu .
Radiation damage of materials is a critical problem :
by both tission and fusion reactor technologists. It -
nperat  therefore, to seck an in-depth knowledge of
pl ical, chemical, and mechanical properties of materi-
1S a inction of radiation exposure. Unfortunately,

y cannot be duplicated in time periods
There are no neutron sources with which
be subjected to a fluence of lOzan/Cm2 :
vy greater than 0.1 MeV in a period of less .
s. That is the fluence which the stain- a
in a liquid-metal-cooled fast breeder C
equired to withstand. Means of simulating S
iation damage within time periods of days
red. The practical aspects of producing
n short p. ods to simulate damage taking
riods (-years) are very chalienging. Re-
is considered to be of great importance

-

nd fusion power reactor technologies. ‘

the study of existing materials, there 18
years ahead, a tremendous need for the

y be used in adverse environments.
st wall materials for fusion reactors and

lina and structural materials for fast

as conducted a considerable amount of re-

of matorials studies. The recommended
ymplement the existing ones by including




ndations

ist of egquipment conside ed necessary for a radia-
facility is giver in Table 3. The prices of
d equipment reflect only partial cost.
prices of the proposed equipment are
The total space required for these
timated to be 2500 ft?,.

THE RADIATION
SEARCH CENTER

Equripment Remarks

Hiyh Resolution Scanning Electron Has been
Microsccpe with X~Ray Attachment acquired

Laght Ion Accelerator In operation

200 keV Tight lon Accelerator Cost reflects

with Ultra-High Vacuum Hot Staae only needed
parts & final

\ccessory Capital Items assembly.

A 200 keV Transmission Electron 10 This is not t
Microzcope (TEM) coet of a new
; TEM (see App.

Van de Graaf Accelerator (RBS) 150 See App.F.

Resolution Auger Electron 350
"t"’,’

TOTAL 670

could conduct full-time research
[ this number of persons who would
:arch area could not be found at UMR,
hire new faculty. At UMR, persons
irea of radiation damage and effects

Bolon, Nuc. Eng.
Hale, Phys.
Kumayi, Nuc. Eng.
cighly, Jr., Met. Eng.
Levenson, Phys.




In addition to faculty members, a facility such as the
ne proposed here, would require the staff and operating
APens nown in Table 4.

TABLE 4

STAFFING AND JPERATING EXPENSES
IATION DAMAGE AND EFFECTS CENTER

Cost (10 $) Per Year

60

(electricity)

ntingency)

Fusion RpseJrthQpnfer

ments

ear fucion 1s one of the three ultimate energy sources
iture (along with solar and breeder reactors;. If
take a leadership role in developing fusion tech-
*lass Fusicn Research Center should be estab-
npus.
ma confinement would be the central theme
The future direction is difficult to predict
1 of endeavor, but the Center should be de-
ficiently flexible to follow technological
5 they ozcur. The equipment in the Fusion Research
yald be sufficiently complete so that innovative re-
oncepts could be pursued, and the facilities should
opriate for interdisciplinary research, i.e., nuclear
ele~trical engineering, physics, and mechanical

fr




juipment,

which is considered tc be desirable
search Center is given in Table 5.

indicated, because deletion of any

ingful research impossible.

ssentially the same as shown in

Damage and Effects Research Center.

ntains a great deal of
on dollars. The space
5000 square feet.

interested in this

assembled and given the task of devel-

1N\ €

and proposals.
t

Persons on the UMR
or interest in fusion are:

J. Dolan, Nuc. Eng.
H. McFarland, Phys.
F. Nelson, Mech. Eng.
J. Nygaard, Phys.

1O program in fusion should be strength-
-level laboratory course, which would be co-

, sirtments, is needed to provide stu-
the instrumentation and techniques
juipment would be required for this
the equipment dedicated to research,
» higher priority than establishing

dep
in

]

'

»

existing fusion courses should

departments where appropriate in order

aw

Al

£

ness and participation of students




TABLE

[PMENT NEEDED

RESEARCH

Cost
(10°s)

casessenes JODO=S00

oled Copper Coils

ctric power
50-100

heat exchanger
rallatior 20-50

irrent power

ylies (2 MW
S/kW) 80

coils (5000 kg
100

FEASP DR A S |

TOTAL 1050-1350




Missouri-Rolla may

111 areas of engineerinag
ampus facilities for teach-
welear energy fields

f facilities should be

Research Center

nittee has discussed the
used in establishinc
It has agreed that
on should be made
search facilities.
need for modern
important for the

lear engineering
o have an operating
ommittee to recommend
the item with the highest
be the priority next in
hired. If a vigorous
funding for research
bhe upgraded so that
\ power either at the
' A research tech-
1CcCcessory equipment pro-

wld devote his efforts
1ty and the pur-

thermal~hydraulics
) will be of great
ht water reactores (LWR'S
80% of the nuclear
itilities that operate
ctions come from the
For these reasons,
11d be benefited by having
railable for instruction,
irea of thermal-hydraulic
iitional experienced
ind succeed 1n obtaining
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