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I. Introduction

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

R-79).

The reactor, a swimming 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 Regula-
tory 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

far their educational and research programs. Several other universities

and colleges have made use of the facility during this reporting period. The
facility is also made available for the purpose of training reactor personnel

for 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 and efficiency of its operation
and to provide conditions conducive to its utilization by students and
faculty from tiis and other universities. The following sections of this
report are intended to provide a brief description of the various aspects
of the operation of this facility, including its utilization for education

and research.



Licensed Operators

License

1

Bolon Senior Operator
arter senior Operator
Carl Barton Senior (Cperator
Karen Lane Reactor Operator

Milan Straka Reactor Operator




C. Radiation Safety Committee

Name Department

Or. Nord L. Gale (chairman) Life Sciences

Mr. Ray Bono (secretary) (ex officio) Health Physicist

Dr. Ernst Bolter Geology and Geophysics
Dr. Oliver K. Manuel Chemistry

Or. Albert E. Bolon Reactor Director

Dr. Nick Tsoulfanidis Radiation Safety Officer
Dr. Edward Hale Physics

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

in practice the frequency of the meetings is usually greater.

D. Health Physics

Name Title

Dr. Nick Tsoulfanidis Radiation Safety Officer
Mr. Ray Bono Campus Health Physicist
Ms. Paula Brewer Health Physics Technician

E. Independent Audit
Independent audits of the facility consisting of reviewing all records,
procedures, and operating methods are per formed semi-annually. DOr. Franklin
Pauls, former Reactor Director, performed the first audit for the reporting
period in May 1983. The second audit, in January 1984, was performed by Dr.
J.C. McKibben and Mr. Barry Bezenek, both from the University of Missouri Re-
search Reactor located at Columbia. Reports about both audits are enclosed
in Appendix A.



analysis laboratory

o laboratory

‘oven
4096 channel analyze ith Nal eL1 selectable detector input.
luded in the al a equipment is a tape punch, i-scaler programmer
scope camera, and a teletype terminal Three scalers are included in
the laboratory equipment with the appropriate detectors for counting alpha,
beta, and gamma radiation A shielded detector with four ton low-backaround
lead shield housing two "3X3" sodium iodide crystals, is also available for
oincidence counting. These detectors are used in conjunction with the
multi-channel analyzer. Several other units of equipment are available for

the detectionn

Pneumatic Tube Assembly: A duail tube pneumatic system is installed

adjacent to the core of the reactor. One tube is cadmium lined, and
the other is bare. This system is a positive pressure type and uses

nitrogen as the propellant.
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Table 2.

Use of Core Grid Plate Locations

Location Hours
A-7 0.083
A-9 0.217
B-2 0.133
B-3 0.517
B-4 0.517
B-6 0.533
B-7 0.117
B-9 0.233
c-2 0.250
c-3 0.283
c-4 1.350
C-5 3.783
C-6 0.167
C-7 5.117
c-8 1.533
-9 0.200
0-2 0.433
0-3 0.250
0-5 4.933
D-6 1.883
-7 0.993
0-8 0.633
0-9 0.700
E-3 0.183
E-5 0.767
E-7 0.100
E-8 0.117
E-9 0.300
F-5 0.083
F-9 1.183
Total , 27.591
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Table 5, continued.

Date Event

11-3-83 120% Demand rundown
Cause: Operator error - Turned micro-micro ammeter scale wrong
way.
Corrective Action: None

11-15-83 120% Demand rundown
Cause: Moving void tube in core.
Corrective Action: None

11-'8-83  120% Demand rundown
Cause: Operator error - Turned micro-micro ammeter scale
wrong way.
Corrective Action: None

12-29-83 Scram
Cause: Connected Log N signal cable.
Corrective Action: SOP's for precheck and start-up checkout
revised to give definite indication.
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VI. Public Relations

The reactor staff continues to put forth considerable effort to help
educate the public about the application of nuclear energy. Over 2,969
persons have toured the facility during this report period. This is an
increase of 36% when compared to the last reporting period. Tours in-
cluded groups representing social, military, civic, industrial, govern-
mental and educational fields. These groups are usually given a brief
orientation lecture by a member of the reactor staff. These lectures
are augmented by visual aids such as slides and displays. Many high
school, junior college and college groups have attended the various

lectures and cpen houses.

Some other groups have spent an entire day at the facility becoming ac-
quainted with the reactor and performing simple experiments. Usually these
groups are from colleges which have no reactor facilities. A guided tour
by the reactor staff includes a brief description of the basic nuclear
reactions, components of a nuclear reactor, a few specific examples of how
nuclear enerqgy is used in the industrial and educational fields and how

nuclear enerqgy helps the environmental situation.

Posters to display for the public capabilities and uses of the UMRR have
been made and installed in the reactor bay area. Two staff members par-
ticipated in the International Symposium on the Use and Development'of Low
and Medium Flux Research Reactors presenting two papers about the facility's

achievements and programs.

The Nuclear Engineering faculty are members of various social civic,
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VII. Educational Utilization

Approximately 30 UMR students, graduates and undergraduates, have participated
in classes at the facility, utilizing 48 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 204 Nuclear Radiation Measurements 3.9
NE 304 Reactor Laboratory I 70.83
NE 306 Reactor Operations 194.98
NE 308 Reactor Laboratory II 39.0
NRF-4 Reactor Operator Training 49.17
Preliminary Research 26.24

The current enroliment in Nuclear Engineering is 73 students. Ouring this
reporting period the reactor was used 84.1% for instruction,6.2% for research,

and 9.7% for maintenance.

A program called Reactor Sharing Program, funded by the Department of Energy,
was established for colleges and universities which do not own a nuclear re-

actor. About 101 students and their instructors participated in this program.

ol



VIII. Reactor Health Physics Activities

The Health Physics activities at the UMR Reactor Facility consist pri-
marily of radiation and contamination surveys, 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 recorced. In addition, health physics activities include
calibrations of portable and stationary radiation detection instruments,

personnel training, special surveys and monitoring of non-routine procedures.

Routine Surveys

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

found.

By-Product Material Release Surveys

During the period, 2 shipments of by-product material were surveyed and
released from the reactor facility. Total activity released was 0.58]1 mCi.

The shipments were utilized on the UMR Campus.

Routine Monitoring

Twenty-three 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 4 beta-
gamma, neutron area badges assigned and one test badge to check accuracy

of exposure reports. Fourteen campus personnel and students

-20-



are assigned beta-gamma film badges, and frequently TLD ring tadges for
materials and X-ray work on campus. There are 13 beta-gamma area and spare
badges assigned on campus. 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 reactor facility is constantly monitored by a
fixed-filter, particulate continuous 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 particulate activity monitored 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 that no gross pool
contamination nor 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

2.73x10°% uci/m.

Waste Disposal

Release of gaseous and particulate activity through the building exhausts
is determined by relating the operating times of the exhaust fans and
reactor power during fan operation to previously measured air activity at
maximum reactor power. DOuring this period 6.07 millicuries were released
into the air. Released isotopes were identified as Kr-88, Rb-88, Xe-138,
Cs-138 and Ar-4]1. 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 11 releases to the sanitary

21~
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Production

# of atoms of Ar=-4]1 per unit

# of atoms Ar-4] released per

1

by total building volume

Decay constant for Ar-4]

Flow Rate for designated

9\1\1411!1(: Vc)h"ﬂp in ft

In equilibrium

Using this relationship the fo
va ilues

lTowing table can be

cfm

3.367 x 10" min~

2.915P

fatoms) 1.238 x 107 1.194x10%

b ALt ]
min )

Release Rate

This assumes constant release rate to the bui*ding atmosphere.

be run to determine P for typical pool condition?
on and plotting the buildup of activity in the building.
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Dr. Albert Bolon
February 24, 1984
Page 3

The console logs, Startup Checkout sheets, and Sh
reviewed in detail. The log book accuracy had made good improvement compared to
that observed in December 1982 audit. The following recommendations are based on
this part of the review.

utdown Checkout sheets were
d

a) On July 13, 1983, a Startup Checkout sheet was not used for a startup
immediately following a shutdown in which the Shutdown Checkout sheet
was completed. This is allowed by SOP 102 due to the phase “...
unless otherwise specified by the Senior Operator on duty." You may
want to more clearly define the Senior Operator's discretion in this
situation; i.e. require him to do at least the steps that return
equipment to operation that were secured while completing the Shut-
down Checkout sheet

Suggest 1t would be beneficial to log when a control rod is removed
and when it is reinstalled during the inspection of control rods.

It was noted a Startup Checkout sheet was completed by procedure prior
to raising the control rod to 50% for refueling during the control rod
inspection procedure, but was not done prior to raising the rods for
refueling. This looks inconsistent in our superficial review but may
be quite justifiable if reviewed in detail, therefore this ovoservation
is stated for your consideration,

The UMRR staff shouid evaluate how they will document their decisions
to operate with instrumentation/equipment inoperable, i.e. Rod Magnet
Contact Indication, Rod Prohibit, etc.

Recommend any time a safety system component is discovered inoperable
that the reactor be immediately shutdown then try to correct the
problem.

Recommend modification reviews be completed on any change to a reactor
related system prior to making the change, such as the antisiphon
change to the pool system,

Wwe found the operations being conducted in a satisfactory manner with no sig-
nificant problem areas identified.

Sincerely,

L_/(«.A‘;L;j./ o« g./
J. C. McKibben
Reactor Manager

J Y
g /1)
—— /,(

JCMK:vs
Attachment: Inspection Form

cc: Ray Bono
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REACTOR FACILITY INSPECTION -- Date(s)
(Phone: 341-4236)

Date(s) of last NRC inspection_

Date(s) of last "inhouse" inspection

Log Book Inspection:
Log Book Number Page

!

From entry: \/

oy —

1

Through entry: \/ | S

X

Follow up items from previous inspection (item, follow-up):

7 k. ArCoTW

Technical specifications
Appendix A -- Jan. 6, 1967

(2.1) Ventilating fans

Automatic closure

(3.1) Pool water depth (16 ft. min| .-

above core)

(3.1) Inlet water temperature

60°F <t <135°F

(3.2) Radiation one meter above

pool <5 mr/hr

(3.2) Resistivity >0.5 meqohm cm- |

Type of elements: MTR
Other

(4.1.3) p ex <1.5% | Present Toading(s):

1.5% <pex<3.5% five consecutive | Dates : (1)

days twice a year

Control rod: (9.5) condition (2)

(4.2.3) Reactivity shutdown Date Inspected:

margin at least 8%

(4 2.4) Drop time <600 msec (9.3) Dates:

(4.3.2) Limit 1ights; shim range

lights, magnet contact A1gwts-----

Neutron source (min. n/SeCew==




Comments

afety systems (annunciator)
.4) Start-up channel

.4) Linear channel

.4) Log N - Period

.4) Safety channel

) Safety channel

.5) Magnet release time <50 msec
.7) Radiation levels <0.1 mr/hr

s A o, s e, e 2 U
oty n &

(5.8) Portable survey instruments
List:
Neutron

Other

Experimental facilities-cececcaaa =T

Hung samples
.1) Core access element

Isotope prod. element
Rabbit tube
Thermal column
geam port
Documentation of exps.===-=
Single independent exp-

<0.7%
S1n8 e movable experiment:

ex

0.6% all movable exp.«--
Experiments having moving
parfs <0.05%
(6.2.6) Pos?{1on of any/all exp.--|
General Operating Limitations
(7.1) Startup: Sr. Oper. plus one
(in the control room)
(7.1) Operation: S.0. plus one---
(in building)
(7.4) No fuel position vacancies
in core; loading (wall chart)

)
)
)

£ T WNNMN N -

e R ——

Location

Pool surface above
core

INear demineralizer

|Beam room

Reading

Alpha

'Beta

!

‘ﬁG1ve example as to how it is used.

il e

o ‘f—‘-af.“rl«,x e C

e A\ et
N T T e



Comments

Fuel Storage & Transfer

wall chart

(8.3) Fuel hand11ng tools locked--
(8.4) Fuel transfer--three men
(Sr.Oper.; Lic.Oper.; plus one-«--
(10.1) New loading: approach to
critical exp.(reason & date)

(10.2) Core configuration change:
one grid position. (Reason & date
(10.3) Loading change of more than
one grid position-unload 50%
Instruments functioning (Table I)- (On weekly check list - *)
Scram: ' ~_|startup

Period <5 sec. il L

150% full power “_Astartup

Bridge motion .

Log N- Period non-op |*startup
Rundown: 120% power (linear) | *

Period <15 sec o

Reg Rod (insert limit-auto| -

rundown)

120% full power ( " A*

Low CIC voltage “ Jstartup

High radiation ~ |startup
Rod pronibit: Period <30 sec -

Any recorder off

Low count rate

Reg Rod prohibit (rods

below shim range)

Inlet temp.> 135°F
Servo-prohibit on reg. rod
Check Lists and records
Log book checked ,
(9.1) Daily facility check lTiste-<| ©
(9.3) Instrument channels & area
monitors-calibrated at 90 day
intervals

e

UMRR startup check list ] ::
Hourly records-note variations---- “ wit odrnus “”““V;‘jné"'”‘*” .3
Shut-down check list o’ W . : B
weekly check list o ‘
Work load log

Six month systems check




Records

¥ Current book number V/ |
| Other Stored
Recorder charts “”| Stored: where ard for how long
Log N (permanent) Located:
Evacuation alarms: L =

Evacuation procedures, drills-
Use of by-pass keys

Key security

General security
Night use of building
SOP'S - Note any revisions----|

Film badge, dosimeter
Night watchman record

Reactor Bay
General condition of pool
General condition of storage--
Jse of cable trench
Nitrogen diffuser
Miscellaneous (List)

Control Room-

List of current operators { Senior operators:

/.,. L!"' X ‘ B, ﬁ\° . ) ¥

N

Ua "alr<e ™ “%?

Office (film badge rack, etc.) - M. BoXov

Counting RoOm-«ewwwe - Operators:

e
Rooms & Storzge upstairs ren Q. Lkane
'4“: 1"'-f ,f.‘l..x‘k.x




Page 5

Comments

H. Stairwell & pump area
1. Demineralizer systemeececcaccccaa..
2. Outside air filters

Stairs and beam room

1. Thermal column

2. Beam tube

3. Fuel storage

4. Liquid & solid waste storage

Health Physics
1. Sample removal
2. SOP'S (list)

Excursfon or incident monitor
a. Film badge placement-e-ceeceua-
b.

Film badge, dosimeter records
a.
b. Students
c. Guests
d. Night watchman
Possible detection of fuel
element rupture
Radiation survey
Periodic swipe tests
Pool water
Inside air
Qutside air
Neutron 1evel (sub-criticallp=--|
Misc. items (list)

[ '

Emergency box (Physics Bldg.)

General comments:

'y
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systems (annunclator)
5tart-up channel -
Linear channel
log N = Perold
safety channel
Safety channel
Magnet release t.lm
Radiation levels £ 0.1
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Fuel Storace & lransier

Wall ChHArt eseccececccccccncnemeee-
(8.3) FPuel handling tools locked
(8.4) Puel transfer--three men
(Sr. Oper.; Lic. Oper.; plus one
( L. ) New loading arproach to
eriticel exp. (reas n & date) ===~

n week
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Page 4

Comments

books Current book number

Other  Stored A_X. s
-
Recorder charts

Stored: where and {or how Tons

log N (permanent) - Located: S~ 1

Evacuaticn alarms: number and

CAUSE wrrmcrmccmmncnnn e - 11, Nev BOII?QJ_ Clﬁ'k”*“ i
&1, M ?ﬂ.a ,‘i-\.),f_ k—*‘-‘-—‘*“"

-e N

. " 1 ¢ " R
Evacuation procedures, 3 ‘ g Gk 18,1983 < 30
Use of by-pass keys V11, o 27,1983 L 20 Adc
2. %an 11983 T<L 30
security s 1* o
ral security
use of bullding
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Semi Annual Check List

Date Commenced DLl 38
Date Completed 44@-‘—-—- J¢
Total Houre on Hour Meter /[ L

Vacuum Tubte Test and Clean Chassis

a. Log N Power Supply

Ca

(1) Cleaned chassis Date wbyw 4 W9
(2) Tested all vacuum tubes
Replacesd: tute # tube type
w
1

(3) Additicnal Comzents

. Linear Power Supply Date

(1) Cleaned chassis
(2) Tested all vacuunm tubes

Feplaced: tube # tube type
sl ¥
X L&
o

(3) Additional Comments

TrY
(/&

44‘ ‘)

L,'.._-u







corder
ed chaasslis

all vacuum tubes

Replaced: tube ¢

Jitional Comments




Log N Recorder

(1) "leaned chassis
(2)

Tested all vacuum tubes

Replaced: tube ¢

Safety Amp Preang

(1) Cleaned chas

(2) Tested all vac

,

Feplaced

POV N ———————

/

{(3) Additiona)

((‘wn,ogs




< -
- - »

Regulated Power ly
(1) Cleaned chassis

(2) Additicnal Comments

Conductivity Bridge
(1) Cleaned chassis

(2) Addl n Comments

Relay Test Date WDEC

Console relays tested and replaced a ar SOP B15

iditional Comments

Resistance
Safety §1

(1) Signal to ground

(2) Positive to ground

(3) Additional Comments

Safety #2

Initial

(1) Signal to ground

(2) Positive to ground
() Additional Comments




Signal to ground

Positive to ground

Negative to ground

Additional Comments

Linear

(1) Signal to ground

(2) Positive to ground

(3) Negative to ground

(4) Acditional Comments

be cut of rali

with i1ts technicel

A. Terperature Recorder

3o Reading § Thermometer Recordex

| 80°F
80°F
80°F
140°F
140°p
140°F

Note: All readings should be % 1°p

4. 135°F Interlock Trip Point Initial

Ay o 2’ f/"’

-




Log Count Rate Channel Date QEC -

1. Pulse Generator®* Meter Recorder
10
100
1000
10,000

-

Note: All readings should give .7 to 1.4 ratio of true~to

observed readings.

Additional Comments

Date DEC i

Linear

l. Keithley Recorder Initial

6.66x10° ¢ 1 Lt
2.0%x10"° '
L 66X10"
. 0x10~%
.66X10"
L0x10"7

.66x10°
"

6

b

9

.66x10"
9

LO0X10” Z
66x10°10 . £4 s k
0x20°40 2 9 T O

From 10-3 to ld:fithe Overall accuracy should be better

than 2% of full scale.

6
P/
6
P/
‘
2.0x10°
6
2
(3
2

From ])tlo-9 to 3x10-1] the overall accuracy should

be better than 4.

Addltion.l Con\mcnt.
Ws/d]/vd GK[TEDS
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d. Control Modules Date .

"R (a) Power Supply (at UMR Police office)
(b) Control Module
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nal

Addit




Pulse Amplifier

Cleaned chassis
T

ested all vacuum tubes

eplaced: e §

.
IS A RRY

Ci€aANEd
Tested all va

.'“‘_Jid(.""d'.

Additional Comments

Safety Amplifier
(1) Cleaned chassis
(2) Tested 31ll vacuum tubes

Replaced: tube § tube

g

-4#‘.“....4_.




Additional Comments

Radiation Monitor
Cleaned chassis
Tested all vacuum tubes

Replaced: tube §

comments

vacuum tubes

tube § tube type
—— b > § A4

(3) Additional Comments

h. Fission Preamp

(1) Cleaned chassis and inspected

(2) Additional Comments




Address System

e
d chassis

-
A

©
© d all vacuum tubes

eplaced: tube § tube type

{
f

——

-

Rate Recorder

vacuum tubes

tube §

1

tional Comments

Linear Recorder
Cleaned chassis
Tested all vacuum tubes
Replaced: tube §

.
{

it

Additional Comments




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

Replaced: tube ¢ tube type

’
1

tube t“' pe

(3) Additional Comments

n. PAT 60 JUL 2 7 1983

(1) Cleaned chassis
(2) Testa:d all vacuum tubes

Replaced: tube § tube type

———f-*‘f"* {




(3) Additional Comments

Regulated Power Supply

(1) Cleaned chassis

(2) Tested all vacuum tubes
Replaced: tube §

o 117 4 ws v S~
LOﬂdu»“-;t, Br;que JU' _." —~ ’QQB
(1) Cleaned chassis

(2) Tested all vacuum tubes

Replaced:

Safety Amp Preamp
(1) Cleaned chassis
(2) Tested all vacuum tubes

Replaced: tube §
1‘7—_

I RIR
4

(3) Additional Comments

-fe




JUL 2 ¢ 188:
2. Relay Test

Conscle relays tested and replaced as per SOP 815

3 . ; - ”~ \ \ -
Additional Comments Ke p\no € & hoy AN e

‘..
Sawmag e Nea
y Dl

|

3. Detector Resistance
a. Safety §1

(1) Signal to ground

(2) Positive to ground

(3) Additional Comments

Safety §2

(1) Signal to ground

(2) Gsitive to ground

(3) dditional Comments

Linear

(1) Signal to ground

(2) Positive to ground

(3) Negative to ground

(4) Additional Comments

Calibration Checks

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

realigned in accordance with its technical manual.




Temperature Recorder

Reading # Thermometer Recorde:

Bo°F
= .
§6<F

(‘F‘

Recorder

e O U —

. hﬂ.“:

L0X10

. (r“u(lr‘_g
9

LOX10"
10 2

. 66X10 ', L » / ’,__‘/

.0x10710 2 1O 2

v

.—_5—_.4_...__,. - ‘.. - -,.__.._.-_4—_‘
Note: From 10 to 10 ~ the overall accuracy should be bette:

than 2% of full scale.

-l -
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Supervisor _ [' 2 t{‘”J,_'LL,,
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Void Coefficient Determination

. Value of void coefficient

3
b. Calculation

¢. Date performed

-
~

irector or Supervisor

Temperature Coefficient Determinatio:

a. Value of temperature coefficient

b. Calculation

idicator Readin

I11.

of Annual Contre Inspection

Control Rod Number 1

iy /> 4 Ty
e F ’

‘r L

v




l1l1.b Control Rod Number 2

Date Performed ; / &

i —————————

Director or Supervisor




| A :
Date | ' 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 Reactbr Magager
J 1

VLA N

4
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UNIVERSITY OF MISSOURI-ROLLA = NUCLEAR REACTOR
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STANDARD OPERATING PROCEDURES

| REVISEL
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read zero. 14 the linear micro-micro ammeter
reading 1 t between Q.2 to 0.8 on the el

range, ask the Senior Uperator on Duty to adjyust the
compensating voitage,

Kecord the meter reading. Record the scale.

ompensated 1 OnN chamber voltages.
ear power voltage. Hold meter range
jative (compensating) voltaqe and
the same for 82 (Log N). (Normal

roximately 510, 5, © s

Leave the 31
chart Liose OO

Kecorder L+ 4 11

the waler il eve A
Itron source e ar the
amber and chech that

er s MNave

y holder

obiects that

s Srper L ms
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ount RKate mete
neter ecCorder ftollow.

1T

tnesert switch and hold

limr t l)q?" comes or
18 counting.
hamb er withdadraw switch., HMold dOwn
start O decrease,
T FRal | L. ] ¢ chamber to inesert limi b, Male sure

recorder 18 reading greater than ! counts/se

Turrs 1 N meter to “LOW" (The

By ’ APPROVED BY ')‘\,. A
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UNIVERSITY OF MISSOURI-~ROLLA =~ NUCLEAR

STANDARD OPERATING PROCEDURES

— IS,
Lu:\'xsen : PAGE OF |

S

|
d

Raise shim/safety rods 3 inches and push the manual
scram button. Check to see 1f rods have dropped Dy
observing the video display and noting whether the
blue magnet contact lights are o+¢. Push
acknowl edge, scram reset and board reset buttons,
and run down the rod drives.

Push annuncirator test button. Check +or burned out
Ds. Acknowl edge and reset.

blue magnet contact lights should be on and the

ilating rod on insert lim?t
ar @ hour ly and permanent lLogs.

n/satety rods to 6 1nches r

‘A

core, Make certain core cool ing

experimnents are fi1rmly secured,

Announce. "The reactor will be started and taken to
a4 DOwer | eve of watts (or Kir1lowatts)

Recor: intended power level, Including W or kW,

Review the pre-startup checklist to make certarr

! 1

that all the steps have been completed.

The Senitor Uperator must inttial the check list,
This completes the check list,

WRITTEN BY
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UNIVERSITY OF MISSOURI-ROLLA - NUCLEAR

STANDARD OPERATING PROCEDURES

{REVISED:

oK and

Procedure

Hourly Log Entries

The hourly log sheet will be dated and each operator
(student, trainee, etc.) will place their si1gnature
1N appropriate spaces provided.

A new hourly log sheet will be started at the
beginning of each operational day, or when all
available columns have been filled during the
current day of operation, (i.e. a new hourly log
sheet 1s not required for each startup checklist SOF

S ™
104

The following procedure steps correspond to the
numbered steps on +orm SOF 104,

Time from console clock, based upon 24 hour time.
Operator at the controls, initials.

Reactor power, as required by SO on duty.

Linear level recorder reading 1n percent.
Linear Level Amplifier Selector Switch scale.
Reg Rod 1in "Auto", yes or ng.

Log N Recorder reading in kilowatts,

Shim Rod #1 Rod Position Indicator Reading to
three places (1e.21.2)

Same as Step B8 for Shim Rod #2.

Same as Step 8 for Shim Rod #3.

-

| WRITTEN BY: (3. Bartor APPROVED BY:

| T—




UNIVERSITY OF MISSOURI-ROLLA - NUCLEAR

STANDARD OPERATING PRMLEDURES

! y 0.
LP.E\- ISED:

-

-

Same as Step 8 for the Regulating Rod.

Check Radiation Area Monitors (Reactor Bridge,
Demineralizer and FBeam Room) for approximately
the same values observed during completion of
startup chechklist (SOF 102).

Record Reactor Bridge RAM reading 1n mr/hr.

Chech Maagnet Currents for approximately the same
values observed (and recorded) during the startup

—

checklist (SOF 1027

actor Fower Level 1ndicated on the LA} Fower
ge Meter 1n percent. This me&ter corresponds to

» ki1lowatte at 100%,
Same as P and #7 FPower Range Meter.

Record the at which a stable power level was
obtained 1ir r Fermanent Log. Other entries to
the Fe . Log such as samples bei1nag
rradiatec c. should also be made at this

1me, (Se section 2 of SOFP 104),

ecord the Reactor Inlet Temperature as displaved
or the Fool Water Temperature Recorder.

Frojec or Class Number for which the reactor 1s

being utilized.
Core Loading Number as given to you by the Senior
Reactor Operator on Duty.
manent Log Entries
All entries 1n the Fermanent Log shall be preceded
by the date Use the date stamp).
During completion of the Startup Checklist (SOP 102)

use the Check Out stamp and complete values as they
become available. To the right of the purpose the

| WRITT

EN

N - 'y S—

BY: v 74 APPROVED BY : g




UNIVERSITY OF MISSOURI-ROLLA - NUCLEAR

TANDARD OPERATING PROCEDURES

VISED:

—_— e ————y

nature of the experiment should also be shown. See
the example below!:

power changes are made 1N accoragance with
and entries are made prior to the start of a
hange and at the new stable power level.
le below 1ndicates Permanent Log entri1es
power hange including shutdown ot the

Reactor started to &400W.
Feactor at &00 W.
Reactor shutdown.

The Sample-Experiment stamp 1s used to indicate the
irradiation o+t E} sample as a Fermanent Log entry.
This stamp will be used to indicate the production
of by-product material. The example below i1ndicates
the use of this stamp.

APPROVED BY:




UNIVERSITY OF MISSOURI-ROLLA - NUCLEAR REACTOR

STANDARD OPERATING PROCEDURES

The number 1n pai  entheses () indicates the

Ot samples.

Recorder Chart Paper Entries

Date all S primary recorders 1n accordance with SOP
102 (startup checklist) and SOP 105 (shutdown
checklist).

Recorder chart paper 1s to be replaced immedi atel y
atter the current roll chart supply i1s used. During
replacement use the new chart box for the old chart
storage. Date both the old chart and all sides of
the chart box. Place the chart on storage shelves
adjacent to the control room.

All chart paper i1s retained for a period of TWO

YEARS except for the Log N Chart which is retained
for the duration of the facility.

Ventilation Fan Log Entries

After receiving approval from SRO to start or stop a

APPROVED BY: ,




UNIVERSITY OF MISSOURI-ROLLA - NUCLEAR REACTOR

STANDARD OPERATING PROCEDURES

inrvxsso:

-

building exhaust ventilation fan, complete the
requested i1information on the Fan Operation Log (1.e.
time, fan #, power level etc.)

Fan Operation Logs are retained in the Facility
Health Physics f1les.
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UNIVERSITY OF MISSOURI-ROLLA - NUCLEAR REACTOR

-

TANDARD OPERATING PROCEDURES

1R£VISEC:

) WS SN S

An

Furpose

The purpose of thi1s procedure 1s to provide guidance
for calculating the radicactivity and reactivity before
irradiating samples 1n or near the core.

B. Frecautions, Frerequisites, or Limitations

Samples may come out of the reactor with very high
radiation levels due to their composition and/ar

encapsulation.

They may also have an adver se reactivity

ettect on the reactor. This could lead to a violation of
reactivity limits and/or the initi1ation o+t o reactor

SNUtdOwn . or

evaluate tr

levels 3+ ey

this reason calculations must be pert+ormed to
- reactivity ettects as well as the activity
ery sample Qr group of samples prior to

wrradiation (SOF 702).

Frocedure

Calcul at

where m
a
NA
o

of Activity

Mass of the element to be i1rradiated (grams)
Isotopic abundance of the element

Avogadro’s Number (6.02x10<° atoms/mole)
Isotopic atomic weight (grams/mole)

Isotopic activation cross-section (cm )
Neutron flux (n/cm -sec)

Halé li1fe of the produced radioisotope (min)
Irradiation time (min)

———
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Sample Calculation:

A 0.0985 gm sample of Al is to be irradiated 1n a
| #1lux of o X 10 “n/cm--sec. What is the activity after S
min. of irradiation? 3 0.241D B 28) % 10 %7 am™, T,

Calculation of Reactivity Worth of a Sample

The reactivity worth of a sample when placed 1n the
neutron flux ¢ can be calculated by comparing 1t to the
reactivity worth ¢ o+t “ known absorber placed in the
neutron flux %, using the following formula

1

v

' Microscopic absorption cross—-section (barns)
m Mass (grams)
AW Atomic weilght (grams/mole)
$ Neutron thermal flux (n/cm -sec.)
Subscripts "s" and "a" stand for the sample and absorber
properties.
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