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1.

DATE

3/21/8%

4/9/8%

11/721/8%

11/27/8%
4/25/86
8/21/86
8/29/86

10/27/86

10/28/86

9/9/87

9/9/87

ORIGINATOR
n \

T. Martin
Region !, NRC

T. Martin
Region I, NRC

£ Wenzinger
Regfon I, NRC

T. Martin
Region I, NRC

E. Wenzinger
Region I, NRC

T. Martin
Region 1, NRC

J. Kinneman
Region 1, NRC

E. Wenzinger
Region 1, NRC

J. Kinneman
Region 1, NRC

T, Martin
Region I, NRC

S, Collins
Reg’on I, NRC

APPENDIX A
DOCUMENTS TO BE RELEASED

FOIA REQUEST NUMBER 88-450

RECIPIENT

L. Clark, M. 1T,

L. Clark, M. 1. T,

L. Clark, M. I.T,

L. Clark, M. 1T,
L. Clark, M. I.T,
L. Clark, M. 1.7,
A. Ducatman, M.1.T.

L. Clark, M. 1. T,

A. Ducatman, M. 1.7,

L. Clark, M.1.T,

L. Clark, M.1.T.

DESCRIPTION

Inspection No.
$C~20/85-01 (9 pages)

Acknowledgement of
response letter dated
2/27/85 (copy attached)
(6 pages)

Examination Report No.
$0-20/85-03(0L)
(77 pages)

Inspection No.
50-20/85-02 (4 pages)

Inspection No.
50-20/86-01 (13 pages)

Inspection No.
50-20/86-02 (5 pages)

Inspection No.
86-01 (3 pages)

Examination Report No.
$0-20/86-03(0L)
(81 pages)

Acknowledgenent of
9/23/86 response (copy
attached) to Inspection
No. 86-01 (3 pages)

Lombined Inspection Nos.
$0-20/87-02 and
70-938/87-02 (9 pages)

Examination Report No.
50-20/87-01(0L) (44 pages)
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20.
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DATE
9/16/87
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11/21/87

12/30/87
3/3/88
3/16/88
6/8/88
1/18/%8
8/30/88

9/6/88

ORIGINATOR

T. Martin
Regfon 1, NRC

L. Clari, M. 1.T,

T. Martin
Regfon 1, NRC

T. Martin
Region I, NRC

R Bellamy
Region 1, NRC

R Galle
Region 1, NRC

G. Sjoblom
Region |, NRC

J. Wiggins
Region !, NRC

k. Bellamy
Region 1, NRC

J. Serrmard,
5i.v.

APPENDIX A
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FOIA REQUEST NUMBER 88-450

RECIPIENT
F. X. Masse, M.1.T,

USNRC

F. X, Masse, M. 1. T,

L. Clark, M.1.T.
L. Clark, M. I1.T,
L. Clark, M 1. T,
P. Powell, M. 1. T.
J. Bernyrd, M.1.T,
J. Bermard, M.1.T,

USNRC

DESCRIPTION

Combined Inspecticn Nos.
30-763/87-01 and
70-938/87-01 (12 pages)

Letter Subject: Open Item
No. 84-01-02, Facilit
Operating License k=37,
Docket 50-20 (7 pages)

Ackng «1adgement of
10/16/87 responye

&coay attached) to
nspection 30-763/87-01
and 70-938/87-01

(4 pages)

Inspection No.
$0-20/87-03 (8 pages)

Inspection No.
$0-20/87-05 (3 pages)

Examination Report No.
50-20/88-01(0L) (5 pages)

Inspection No.
30-763/88-01 (60 pages)

Inspection Report No.
50-20/88-02 (10 pages)

Inspection No
$0-20/88-U3 (6 pages)

Letter Subject: NRC
Region 1 Inspection No.
50-20/88-02 (1 page)







MAR 21 1985

Docket No: 50-20 License No. R=37

Massachusetts Institute of Technology
Research Reactor
ATTN: Mr. Lincoln Clark, Jr.
Director of Reactor Operations
138 Albany Street
Cambridge, Massachusetts 02139

Gentlemen:
Subject: Inspection No. 50-20/85=01

A routine safety inspection was conducted on February 13-15, 1985 of the
radiation protection program at the Massachusetts Institute of Technology
Research reactor. Areas that were reviewed included implementation of radi-
ation protection controls, equipment and instrurentation, and enyironmental
monitoring.

This inspection indicated that one of your activities was conducted in
violation of NRC requirements. Details are provided in enclosure Appendix A
and in the accompanying inspection report. Your immediate corrective actions
and actions to prevent recurrence have been provided in a letter to Or. Thomas
Murley, Regional Administrator, dated February 27, 1985. Therefore, no addi-
tiona) reply is required.

Your cooperation with us in this matter is appreciated.

Sincerely,

Original Signed Bys_

g 7
WQ_L’:(‘}Z"\“%‘ JiLAA
Thomas 1. Martin, Director
/< © Division of Radiation Safety
U/ and Safeguards

Enc osures:
1. Appendix A, Notice of Violation
2. NRC Region I Inspection Report No. 85-01

cc w/encls:
“Dr. 0. K. Harling, Director of the Reactor Laboratory
Public Document Room (POR)
Local Public Document Room (LPOR)
Nuclear Safety Information Center (NSIC)
4 Commonwealth of Massachusetts (2) gx\

)
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APPENDIX A

NOTICE OF VIOLATION

Massachusetts Institute of Technology Docket No. 50-20
Cambridge, Massachusetts License No. R=37

As a result of the inspection conducted on February 13-15, 1985, and in accord-
ance with the revised NRC Enforcement Polfcy (10 CFR 2, Appendix C), published

in the Federal Register on March 8, 1984 (49 FR 8583), the following violation
was identified:

10 CFR 71.5 requires each licensee, who transports licensed materia) outside
of the cenfines of its plant, to comply with the applicable requirements of
the regulations appropriate to the modes of transport of DOT in 49 CFR Parts
170 through 189, 49 CFR 172.203(d) requires that the description for a ship~
ment of radiocactive material must include: (1) the name of each radionuclide;
(11) a description of the physical and chemical form of the material; and

(111) the activity contained in each package in terms of curies, millicuries,
or microcuries.

Contrary to the above, on September 13, 1984, a package containing 281 mill{~-
curies of rhenfum=186 and 824 millicuries of rhienium=188 as rhenium wire was
labeled and shipped with the incorrect description of radfonuclide, plysical
and chemical form, and activity for the package. This material was shipped
to Massachusetts General Hospital, identified as 8 millicuries of chlorine-38
in the chemical form of calcium chloride salt.

This is a Severity Level IV violatian (Supplement V),

Pursuant to the provisions of 10 CFR 2.201, Massachusetts Institute of
Technology is hereby required to submit to this office within thirty days of
the date of the letter which transmitted this Notice, a written statemeny ov
explanation in reply, fncluding: (1) the corrective steps which have been
taken and the results achieved; (2) corrective steps which will be taken to
avoid further violatfons; and (3) the date when full compliance will be
achievea. Where good cause fs shown, = deration wil' be given to extend-
ing this response time.

OFFICIAL RECORD COPY 0L50-20/85-01 - 0003.0.0
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v




.
.

U.S. NUCLEAR REGULATCRY COMMISSION

REGION I
Report No. $0-20/85-01
L Docket No. _ 50-20
License No. R=37
Licensee: Massachusetts Institute of Technology

esearch Reactor
138 Albany Street
Cambridge, Massachusetts 02130

Facility Name: MIT«R

Inspection At; Cambricge, Massachusetts

Inspection Conducted: “e

2y
Inspectors: }//Z/j' p
BT fon Specia’ist date
7 P Section /
1 ” e/
John R. WKite, Senfor Radiation 7 adte
Sgecialist
PWR Radiation Protection Section
] | " e
Approved by: Py » 3422 / 35
M. Shanbaky, Chie dafte

PWR Radiation Protection Sectiun

Inspection Summary:
Inspection on February 13-15, 1984 (Report No. 50-20/85-01).

Areas Inspected: Routine, unannounced safety inspection of the radiation
protection program, fncluding: the status of previously fdentified items:
radiological surveys, postings, material labeling, and controls; equipment,
instrumentation, and leak tests; environmenta) monitoring,

The inspection involved 30 hours on=site by two region-based inspectors.

Results: Of the areas inspected, one vinlation of transportation requ:rements

was fadentified, f.e., failure to properly label a radicactive shipment . ‘th respect
to radionucliide identity, physical and chemical form, and correct activ:iy as
required by 49 CFR 172.203(d), paragraph 5.0.
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1.0

2.0

3.0

4.0

CETAILS

Persons Contacted

E. Karafan, Reactor Radiation Protection Officer
L. Clark, Jr., Associate Director, Nuclear Reactor Laboratory
P. Coggfo, Reactor Radiation Protection Technician

Pyrpose

The purpose of this routine. unannounced, safety inspection was to review
the licensee's radiation protection program with respect to the following
elements:

Status of Previously Identified Items

Radiological Surveys, Posting, Material Labeling, and Controls
Racioactive Material Identification

Equipment, Instrumentation, and Leak Tests

Environmental Monitoring

Status of Previously Identifiec Items

3.1 (Closed) Violation (83-02-01). Faflure to pest hot cell on reactor
top as high radiation area and to control personne! access to the
area. The licensee's corrective actions, as stated in Inspection
Report 83-02, Section 5b, were reviewed to verify their implementation.
Implementation of the corrective wctions appeared to be adequate to
prevent recurrence.

3.2 (Closed) Follow=up (83-02-02). Radiation protection to contro] use
of radiation barricades and signs to avoid misuse. For other than
radiological control purposes, the licensee has purchased white ropes
for the researchers to use to enclose their equipment and experiments.

3.3 (Closed) Follow=up (83-02-03). Radicactive contamination control by
individuals working in materials laboratory section of Engineering
laboratory. The floors in front of Hoods 1 and 2 of NW12-135 are
surveyed dafly for contamination. Monthly surveys are performed
for the entire laboratory area. Contaminated areas are cleaned
immediately.

Radfological Surveys, Postings, Material Labeling, and Controls

The licensee's program for surveys, postings, labeling, and controls was
reviewed against the criterfa contatned in 10 CFR 20.105, 20.106, "0.201,
20.203, 20.204, 20.207, and 20.401.
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The lTicensee's performance relative to these criteria was evaluated by:

a. i;gzination of records of daily and monthly surveys for 1983 and

b. A tour of the facility;

c. Observation of signs and postings on equipment, in laboratories, in

allways, and on doors;

d. Direct radiological measurements of areas in the facility with a GM
detector and a "Juno" ionization chamber;

e. Observations of ascess controls for the reactor building, and for
monitoring activities within the reactor building; and

f. Discussions with licensee representatives.

The inspector noted the following:

Gamma surveys and smears are taken daily on flocrs and in common areas.
Monthly surveys are performed in laboratories and near equipment and
radioactive waste storage areas. The Radia ion Protection Officer is
informed daily of any contaminated areas through the use of a daily status
sheet, which identifies the contamirated areas and states the corrective
actions taken.

Access to the reactor building and auxiliary facilities, such as the
radwaste storage areas and laboratories, is controlled with a key card.
Personnel entering the reactor building are required to call the control
room and notify the operator of their intent to enter. The entrance to
the reactor building is observed in the contrel room by a closed circuit
TV camera, The TV camera can also be moved to observe approximately half
of the reactor floor and the top c¢f the reactsr where a hot cell is
located.

There were no violations identified in review of this area.

Radioactive Material Identification

The ingcpector investigated two incidents, which occurred on September 4,
1984 and on September 13, 1984, in which rhenium wire samples were mistaken
for other radioactive samples. On September 4, 1984, a reactor operator
was directed to package and release a strontium chloride sample by an
experimenter. The wrong sample was mistakenly packaged, but not shipped
when it was fortuitously determined that the sample was erroneously
identified.

In the incident occurring on September 13, 1984, a rhenium wire consisting
of 281 millicuries of rhenium=-186 and 824 millicuries of rhenium-188 was
packaged, labeled, and shipped to Massachusetts General Hospital. The
package was labeled and shipped as 8 millicuries of chlorine-38, in the
form of calcium chloride salt. This incident constituted a violation of
49 CFR 172.203(d}, which states that each package of radioactive material
must be identified as to radionvslide identity, physical and chemical form,
and amount of activity,

As a result of this occurrence, one Massachusetts ueneral Hospital



employee sustained minor unplanned exnosure to the wrist and whole Lody,
of 150 millirads and 25 millirads, respect:.>'v.

The licensee determined that the cause of this occurence was
misidentification of the samnhles on the sample storage map, lo
outer wall of the hot cell. As a result, the licensee initiat
corrective actions listed below:

ca
ec

a. Two internal memos were circulated emphasizing the importance of
accurately marking the identity of samples on the sampie map located
outside the hot cell. The memos also stated that beta surveys were
to be performed on all samples in addition to gamma surveys. All
reactor operators initialled the memo to verify that they read it.

b. A lead container was placed in the hot cell anc labeled "Rhenium
Only," for the placement of the rhenium wire samples. Rhenium wire

samples are now placed in this container only.

The inspector interviewed one reactor operator %0 evaluate the effective=~
ness of this corrective action. The reactor operator stated that the bets
survey was not Deing performed. Al) other corrective actions were being
piemented
The inspector discussed the failure to perform the beta survey wish the
Radfation Protection Officer (RPO). The Radiaticn Protection Officer
stated that he disagreec with the newly instituted reguirement to perform
beta survey of the sampies Decause this practize would ingcrease exposure
to the operators which wou O not De consistent with good ALARA practices
On February 21, 1943, the Radiation Protection Officer and the Associate
Dfrector, Nuclear Reactor Laboratory, telephoned the inspector to present
new corrective actions The following actions were discussed wisth th
inspector
¥ The requirement to beta survey would be eliminated:
b A specific procedure will bDe written for work in the hot cell. The
fdentity of the sample will be specified in one or more of the follow=
NG ways.
(1) Use of the sample reference number;
(2) Yse of any distinguishable marl  or the sampie and the mark
recorded on the work form (Fart 11); and
(3) Use of any unique shape of the samples and the shape recorded on
the work form (Part II).
A The gamma dose will be verified on the work form; and
d. The importance of confirming the ‘dentity of the sample with the work

form (Part

II) will be reemphasized,

14

ess of these corrective actions wi be examined in a future

)
v A ’

The efferti

Ve
inspection (8

"
»

-~
-




o

Equipment, Instrumentation, and Leak Tests

The licensee maintains logs of all instrument calibrations. Survey
instruments and monitors are calibrated quarterly. Effluent radiation
monitors are calibrated yearly and checked on a quarterly basis for
response to a radicactive source.

Argon sampling and monftoring are performed continuously using a GM
getector which views a known volume of gas. A strip char: records . 1)
data. Counts are summed over one week. Additiona’ afr sampiing «quipment
is mounted in carts and moved to various locations, such as port openings,
when neeced,

Leak tests are performed quarterly and semiannually, depending on the type
of source. The licensee has determined that the lower level of detection

for their leak tests is 1.8 x IO'6 microcyurias alpha, and 9 x 10-6 micro-
curies beta. Accyrate records are kept of Jeak tests with a clear
gescription of the type of wipe ({.e., dry or wet).

within the scope of this review, ro viclations were observed.

Environmental Monitoring

The licensee's program for environmental monitoring was reviewed against
criterfa contained in 10 CFR 20.106 and Appendix B, Table II.

The licensee's performance relative to these criteria was evaluated by :

a. Visual inspection of two separate environmental monitoring stations
for working fnstrumentation, an® 'u¢ation with referance to the
reacter stack,

b. Oiscussions with the Reactor Health Physics technician and the Radiae-
tion Protection Officer on the calibration of the instrumcntation and
data collection and calculations; and

& Review of the annua) reports for 1983 and 1384,

The Ticensee uses GM tubes for thefr environmenta)l monitoring stations,
Each GM tube is connected to a count=rate meter located inside a sheltered
area. The signal from the count rate meter is sent through Ltelephone
transmission lines to strip chart recorders located inside the Health
Physics office at the Nuclear Reactor Laboratory. Data on the strip chart
recorders is collacied daily and summed monthly,

Within the scope of this review, no violations were observed.




€O

@
a

Wi

a

C
@ O
£
a2

W
“ Q@
O o

wi
w ¢
N -
<
. Wi
) v
C £
v .
-

o™
D <
<
o .

]
@® 0O
Q
o W
L8 I

a
@
£ O
e C

- a2
L5 I S
O
£
o @
.
un
O w
O
-t £
P
Uy C
- o
» 0O
= 1
o .
Y -
.. @
0D
Q@ @
. O
“ vy
O ™
= 2
L Y
PR
)3 O
@
(&
w
<




eyt
( @&

APR 09 1385

Docket No. 50-20

Massachusetts Institute of Technology
. ATTN: Lincoln Clark, Jr.
Director of Reactor Operations
138 Albany Street
Cambridge Massachusetts 02139

Gentlemen:
Subject: Inspection Report No. 50-20/85-01

This refers to your letter dated February 27, 1985, in response to our telephone
conversation of February 21, 1985,

Thank you for informing us of the correztive and preventive actions documented
in your Tetter. These actions will be examined during a future inspection of
your licensed program,.

Your cooperation with us fs appreciated.

Sincerely,

ojzx:alstsmd"' e
I"/vl . 1
0 76] P é?(alﬁ,
, Thémf?L#T Ma%tin,'i*'@:toéf’—
.[77 Division of Radiation Safety
| and Safeguards

(5

Public Document Room (PDR)

Nuclear Safety Information Center (NSIC)

Commonwealth of Massachusetts (2) -

Or. 0. K. Harling, Director of the Reactor Laboratory -
Local Public Document Room (LPDR)

bee:
Region | Docket Room (with concurrences)

. | , ot
Cooffi, Shaﬂ‘ifi Be)lam
Acrelh 1 " !q
‘j}& \s/ ',/ﬂ' 32 .’ 5 ‘
,\ ;s
¢ 1
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NUCLEAR REACTOR LABORATORY

AN INTERDEPARTMENTAL CENTER OF
MASSACHUSETTS INSTITUTE OF TECHNCLOGY

QK HARLING
Direcror

138 Albany Street Cambrigge Mass 02129 L CLARK R
£17) 283- 4202 Direcior of Reactor Operations

February 27, 1985

Dr. Thomas E, Murley, Administrator

Region 1, U.,S, Nuclear Regulatory Commission
631 Park Avenue

King of Prussia, PA 19406

Subject: Inspection No, 50-20/85-01

Dear Dr, Murley:

In connection with the above health physics inspection at the MIT
Research Reactor on February 13-15, 1985 by Ms. Jean Cloffi and Mr,
John White, it was requested that MIT provide by mail the following
two items of information, since they were 7ot available at the time of
the inspection,

The first item (s the paperwork associated with a radioisotope
shipment that was made from the MITR to Massachusetts General Hospital
(MCH) on September 13, 1985, The enclosed documents (Irradiation
Information Form - Part II and Isotope Shipping Memo) relate to a
shipment that was {ntended to be chlorine-38, but a rhenfum-186 wire
sample vas inadvertently packaged and shipped instead. It should %e
recognized that the MITR has properly shippcd mare than three hundred
chlorine samples to MCH and many thousands of otner samples to other
facilities, This instance {s the only time that the wrong material
has been released,

The second {tem {s related to the preparation of a document
covering the procedures that MITR operators are instructed to follow
for the release of the {rradlated materials for shipment, The
procedure as now written specifies that:

1) Samples to be irradiated in the pneumatic tubes be
ldentified by some distinctive feature or marking and,
prior to the release of an {rradiated sample, {ts
identity be verified against this distinctive feature,.

In addition, the procedure incorporates longe-standing existing
practice which was and is that:

2) A chart ve maintained showing locations of {rradiated
samples stored {n either of the pneumatic tube sample
changing areas,




b .
9 ¢
o

3) Prior to release of any {rrediated sample, it be identified
by reference to the chart and to the Irradiation Information
" Form - Part II, {ts expected gamma dose be confirmed, the |
sample be packaged as required by DCT and/or NRC
regulations, necessary paprrwork be completed, and the
storage chart be updated.

The written procedure covering the above was approved and issued on
February 27, 1985,

Please contact me {f any further information i{s required in this
regard,

Sincerely,

-

‘, o - —— A ‘ P - /"\
Lincoln Clark, Jr.
Director of Reactor Operations

¢c: J, Bernard, MIT
J. Cloffi, NRC Region 1|
E. Karalan, MIT
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ART II IRRADIATION INFORMATION FORM
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MIT pro’-z /// A
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coniainer wipe test - -~ 3./
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Release : or other disposition, DY e
S —
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>

S gnature of person accepuing
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.
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sample /4_:’.&'4 & .

Waste Dignosal
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Charges:
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“~
T

Handluing &

//

Faciiis

/
.
Account No. _,___..L__‘ @_L_.iﬁa-
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%’ Massachusetts Institute of Technology \§ ¢

138 Albany Street Cambridge, Mass. 02138

30TOPE SHIPPING MEMO

Invoice 10 Ship to (If ditferent from invoice te)

' OR B HUF
145 (Enees L Hosp Td-

Tusiomer Order No. | Customer License No. Terms TTMITR imadistien Rel. No.
0 =038/9 =~ #C ‘ S O-4~IC
Sask No. & Type Ses! Routing | Shipped In WeightPL (. Total Weight
PAT 24 TR A YEL W Medical = ingustrisl | L Packages <
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This checklist and an MIT-NRL shipping memo should both be completed prior to re-
leasing any non-liquid radiocactive sample in a DOT 7A-Type A reusable container.
These forms document the mechanical integrity of the :ontainer. Refer to the
{sotope shipping memo for radiation levels and required labels,
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Docket No. 50-020

Massachusetts Institute of Technology

Research Reactor

ATTN: Mr. Lincoln Clark, Jr,
Director of Reactor Operation

138 Albany Street

Cambridge, Massachusetts 02139

Ger.tlemen:
SUBJECT: EXAMINATION REPORT NO. 50-20/85-03 (OL)

This transmits the Examination Report of Operator Licensing Examinaticns
conducted by USNRC Region I at the MIT Facility the week of September 30,
1985. At the exit interview held with Mr, J. Bernard and Mr. K. Kwok on
Octouwer 1, 1985, the preliminary results of these examinations were discussed,

No reply to tr's letter is required. Your cooperation in this matter is
approeciated,

Sirzerely,
- o | S A, el By

Edward C. Wenzinrger, Chief
Projects Branch No. 3
Division of Reactor Projects

Enclosure:
Examination Report No. 50-20/85-03 w/attachments 1, 2

cc: w/enclosure and attachments 1, 2

Or. 0. K. Harling, Director, Reactor Laboratory
John A, Bernard, Tra'ning Coordinator

Public Document Room (PDR)

Loca) Public Document Room (LPOR)

Nuclear Safety Information Center (NSIC)

State of Massachusetts

OFFICIAL RECORD COPY OL MIT ER = 0001.0.0

I s, 10/29/85 %
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REPORT DETAILS

TYPE OF EXAMS: [Initial___ Replacement X__ Requalification__
EXAM RESULTS:
: PAI;FFN 1 : pff?/mﬂ
Written Exam : 270 : 176 :
e e e T R
Overall E 171 E 170 E

1. CHIEF EXAMINER AT SITE: David M. Silk
2. OTHER EXAMINER: Robert M. Keller
1. Summary of generic strengths of deficiencies noted on oral exams:

Canoidates displayed a good understanding of the plant. SRO candidate
displayec a weakness fn not assuming al) responsibilities assigned to SRO
by transferring responsibilities to plat management personne! who hold
SRO licenses.

2. Summary of generic strengths or deficiencies noted from grading of
written e ams:

Candidates were not familiar with:

relationship of early xenon peaking to harder neutron spectrum
modes ¢f operation for the 1-inih preumatic tube system

the hezard of drying nut charcoal filters

how to seal beam ports

3. Comments on avatlability of, and candidate familfarization with plant
reference material in the contro)l room:

Condidates were familfar with plant reference materia).




4

Personnel Present at Exit [nterview.

NRC Personne!

David S11k

Facility Personne)

John Bernard
Kwan Kwok

Summary of NRC Comments made at exit interview:

- Two of the three candidates were clear passes on the ora)
examination.

- Facility training materfa) provided for examination preparation
was well organized.

CHANGES MADE TO WRITTEN EXAM DURING EXAMINATION REVIEW:

Question No. Change Reason
A2 Delete question, The question called

for & comparative
knowledge of reactor

tynes.

8.2 Include in answer Expands answer
"Verify syctem pressure”. Key.

B.6 Delete from answer Inoperable at present,
"the pitch of fan
blades can be changed".

.1 Delete from question Can mislead cand.date.
"The reactor has just Clarifies question,
been started",

c.7 Also accept Answer a). Unusua) Occurrence

Report #81-4 justifies
answer a).
D.5 Delete question. This experiment (FCE)

has been out of the
reactor for two years,



Question No.
ES

E.7

G.1

G.3

G.8

6.1

J.2

Attachments:

Change

Also accept Answer C).

Include in answer

- Weekend

- Intrusion
(Intertfor/
Exterior)

- Fuel Vaults

Operator Incapacitated
Panic Button (In control

Reason

If some loads are shed,
the battery could supply
power for about 12
hours.

These alarms will
transmit a sfgnal to
the campus Patrol Alarm
System,

room or receptionist desk)

Include in answer
"Check radiation levels"
"Order personne! out"

Also accept Answer c).

Taclude in answar
"Gas monitor on reactor
fleor by main afrlock”,

Include in answer

"To prevent nitric acid
formation from nitrous
oxide".

Include in answer 2).

- Reactor floor hot

- J6V's 1f not sealed

. A drop in building
temperature

Include in answer b).
- Use helium gas
. Seal ports

1.  Written Examination and Answer Key (RO)
2. Written Examination and Answer Key (5RO)

Expands answer
Key.

Surface contamina~
tion includes
beta radiation,

Expands answer
Key.

Expands answer
Key.

Fxpands answer
Key.



'U.'a. MUCLEAR REGULATORY coo-msan 43
REACTOR UPERATOR LICENSE EXAMINATION

Facility:  mitR.11

Reactor Type: HuR/LWR Cooled/Moderated

Date Adminfstered: October 1, 198%

Examiner: W. J. Apley/ J, C. Huenefeld

Candidate: Answer Key

INSTRUCTIUNS TO CANDIDATE :

Use separate paper for the answers. Write answers on one side only. Staple
question sheet on top of the answer sheets. Points for each question are
indicated in parentheses after the question. The passing grade requires at
least 70% in each category. Examination papers will be picked up six (6) hours
after the examination starts.

Category % of Candidate's % of
Yalue Total Score Cat. Yalue Category
15.0 14.9 A. Principles of Reactor
Operation
13.0
P ol 13.9 B. Fe<tures of Facility
Desfgn
14.5 14.4 C. General Operating
Characteristics
15.0 14.9 D. Instruments and
o Controls
15.0 14.9 E. Safety and Emergency
Systems
13.5 13.4 F. Standard and Emergency
Operating Procedures
14,0 13.9 6. Radiation Control and
: Safety
100
AP0 TOTALS

Final Grade __________l

All work done on this exam s my own. | have nefther given nor recefved afd.

CandTdate's Signature




MITR-11
October 1, 1685

A, PRINCIPLES OF REACTOR OPERATION (15.0)

Points

Available

T A.‘
When calculating an estimated critical position, the operator uses

the previous week's position and corrects for five different
delta K changes, List four (4) of those delta K changes.

ANSWER A1
Delta K due to temperature change
due to sample loading
due to Xenon
due to fuel loading
due to burnup
(4 of 5 for full credit)
REFERENCE A,1

PM 3,1,1.2, p. N

QUESTION A,2

The MITR-11 reactar produces a relatively fast response to a

given reactivity input. Exg1a1n that response 1n terms of what

the values of neutron generation time and delayed neutron fraction

are at MITR-1I, (l.e., are both Beta and generation time small, one

small and the other large, etc.) (2.0)

ANSHER A, 2

The sensitive response is due to the short neutron generation time
for the MITR-11, even though its delayed neutron fraction 1s large
(beta-bar = 0,00786), The large Beta effective 1s predominately

due to a large source of "slow born" photo neutrons developed in the
reflector,

REFERENCE A 2
RSM 10,5

~Section A Continved on Next Page-




MITR-11
October 1, 1985

Points
Available

QUESTION A3

Why isn't the MTR type elements cladding thicker or thinner? (1.5)
oy

ANSWER A.3

It's thick enough to retain fission products (+0.5), and thin
enough to not introduce a long delay time for heat removal in the
event of a fast transient (+0,5).

REFERENCE A.3

Tech Spec 5-4

QUESTION A, 4

ggglain the two (2) ways that the control elements affect reactivity
as they are moved in the core, (1.5)

ANSWER A4

When inserted in the annular space between the core and the core
housing assembly, these control elements decrease reactivity both
by the direct absorption of neutrons and, to & lesser extent, by
warping the core flux distribution, thereby increasing neutron leakage.

(1.0 for absorbtion/+0,5 for increasing leakage)

REFERENCE A, 4
RSM 10.5

~Section A Continued on Next Page-

-




MITR-1!
October 1, 1985

Points
Available

ESTION A, S

If the reactor is on a stable 25-second period, h long will 1t

take to change power level 2 oecades (show calcuTation) (2.0)

ANSWER A5

From equation sheet:

Sur = 39*%.5&-8%- 1.0424

sur t
P = Ps10
;_ . 100 - 10‘\)' t
(o]

2= syur ¢t
t = 2/1,0424 « 1,92 minutes

If the candidate doesn't know about SUR (which is checked w/o
calculation in A, 1), then he can calculate using formula sheet.

Pwbet/T
P/Py = 100 = ot/25 sec
In 100 = ¢/25 sec
t = (20 sec)(1n 100)

» 115,.) seconds = 1,92 minutes.

REFERENCE A, S

Glasstone and Sesonske (MITR Trng Progr, Ref,)
PM 1,16.2, ».)

-Section A Continued on Next Page-

s ¥



MITR-11
October 1, 1985
Points
Available
QUESTION A.6
TRUE or FALSE: Xenon peaks earlier in MITR-11 after shutdown due
0 & harder neutron spectrum, (0.5)
ANSWER A6
True

REFERENCE A. 6

RSM 10,7

QUESTION A,7

D!!Srigo the two (2) phenomena that contribute to Lthe temperature
coefficient of reactivity for MITR-II, (2.0)

ANSWER A, 7

The first 1s the temperature rise of the light water due to an
increase in the thermal output of the reactor core. Any such
temperature rise will insert negaviva reactivity by causing @
hardening in the neutron spectrum, (This means that the average
neutron takes langer to thermalize so thare are fewer fissions,)
The second prenomenon 1s the radiatior heating of the heavy water
reflector., Temperature risas of this type add regative reactivity
by allowing more neutron lsakage to increase. This second process
lags the temperiture rise of the l1ight water in the core proper.

REFERENCE A,7
RSM 10,8

~Section A (ontinyed on Next Page-




MITR-11
October 1, 1385

Points
Available

QUESTION A.8

If heavy water leaks into the light water system, what type of
reactivity effect will it have if:

A. The leakage of pure, uncontaminated heavy vater is into either
the 1ight water reflector above the top of the core, or the light
water reflector below the top of the core that is formed by the
annular space between the core and the sicys and bottom of the
core tank, (0.5)

B. Leakage of heavy water i1s into the core proper, (0.5)

C. The in-leaking D,0 orogressively replaced the entire light )
water system, (0.5)

ANSWER A 8
A, Positive reactivity

B, Strong, nenative reactivity
C. Strong, negative reactivity

REFERENCE A.8

RSM 10. M1

-Sectron A Continyed on Next Page-



MITR.Y

Octobe- 1, 1985

Points
Available

QUESTION A,9
A nuclear reactor has a shutdown margin of 72 delts k/k and & neutron

drtector ‘s recording 20 cpm, What will this dete~tor read when
' if - 0,997 (2,0)

ANSWER A, S

1—(1

— w0, 07
5

1=Ky ¢« 0,07 K,

REFERENCE A,9

N "

Generic:

Academic Program for Nuciear Powsr Plant Personne!l,”
Volume 11, p

p. 5=6 through 5-13, General Physics corporation,

Glasstore and Sesonske (MITR Teng, Progr. Rev.)
PM 1,i6.2, p.!

~

~End of Seution A-




WESTION 8.

Describe the four (4) mod
pneumatic tube systenm,

nsertion and removal at the cell or primary
n the reactor basement,

Insertion at the

to the Nw 17T KAt

'F‘.Sp"" r ‘T - q

f the rradiat

ery lined up to ¢ lyng tower bas!
14A open
of scale. (Either answer correct,)

or by checking HM<1A runnir




MITR-1]
October 1, 1985

Points

Av|\1291!
T s

design safety feature ensures that fue) loaded into the
core will normally have access to only one core position at a time? (1,25)

ANSWER B, 3

Ho'd-down grid latch must be released and the grid rotated to
permit core access, Grid design prevents multiple position access.
REFERENCE B.3

PM 2.7, p.3

QUESTION 8.4

1f the pressure relief system's charcoa) filters become submerged,
what problems will exist during filter housing and exhaust dryout’ (1.2%)

ANSWER B, 4

The charcoa) generates heat while drying out and may ceuse
spontaneous combustion,

REFERENLE B, 4
PM 5,214, p, 2

-Section B Lontinued on Next Page-




MITR-1]
October 1, 1985
Points
Av.11!§1!
T . 8
Explain how the anti-syphon valves work, (1.0)
ANSWER 8,5
Ball float valves installed at the top of the core shroud., Inlet
flow forces ball up closing outlet at top; w/o flow gravity forces
ball down to break syphon,
REFERENCE B.5
RSM 1.7
QUESTION 8.6
List three (3) ways to reduce the degree of cooling tower efficiency
on cold days, (2.0)
ASWER B, 6

The yerd booster pumps may be ypassed partially or completely,

as may the towers themselves, One of the cocling tower fans may be
operated &t half-speed, the pitch of the fan blades can be changed,
and the air aomitted to the towers can be restricted by rearranging
the externa) boards and flaps,

(Any three,)

REFERENCE 8.6
RSM 3,12

-Section B Continyed on Next Page-



are beam ports realed’?

ANSWER B,

:
Ap

Gas 3
Ga . . d o port's opening




MITR-11
October 1, 1985
Points
ﬁva11!b1¢
QUESTION 8.9 TS
Draw a top viaw of the core, including location of the: JAor
A, Regulatt.g rod (.5)
B. Shim blades (.5)
C. Radia) absorber plates (.25)
N, Hexagonal absorber plates (.25)

ANSWER B, 9
See next page,

REFERENCE B.9

See attachment |

-Section B continued on next page-




MITR-11

. October 1, 1985%

el L AR LALL
LLL LS L L)

o~ LNt Frient
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Answer 8.9

Core Section M, 1.T.R, 1]

Reactor Systems Manual

-End of Section B-
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MITR-11
October 1, 1985
C. GENERAL OPERATING CHARACTERISTICS (14.5)
Points
Available
QUESTION C.)
The reactor has just been started up. Engloin why nuclear
instrumentation must be frequently calibrated in terms of therma)
power as short lived fission product poisons (such as Xenon) build
up in the reactor core. (3.0)

ANSWER C.1

Compenstation for the negative reactivity associated with the building
in of equilibrium xenon 1s achieved by -1thdra-1n? the shim blades.

The out-motion of the shim bank causes the axia) flux profile of the
reactor to change with the point of maximum flux moving upward, That,
in turn, alters the leakage flux which 15 what 1s viewed by the nuclear
instrumentation. This affects reactor control in the follewing manner,
The automatic control system controls the reactor by maintaining &
constant flux at the locztion of the chamber Lhat feeds the auto-contro!
network, Hence, as the axial flux profile changes with shim bank
height, the auto-control channe! wil) detect a "power-change". In
reality, uf course, there 1s no net change in power, but a redistribution
of power within the core, This 15 why 1t is essential to determine the
thermal power output of the reactor by means cf a heat balancy which

1s not affected by flux distribution,

(¢1.0 = change in axia) flux profile)

(+1.0 = auto-contro) "sees" power change)
(#1.0 = need to re-calibrate to thermal, not distributed power)

REFERENCE C.1
PM 2.4, p.)

~Section C Continued on Next Page-
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MITR-11

October 1, 1985

JESTION C.2
What (s the maximum amount of reactivity in percent of delta k/k

that may be added to the critical reactor without causing damage
to the fue)l integrity by the resulting power transiant?

ANSWER €. 2
1.82

REFERENCE C.2

Tech Specs 3-8

QUESTION C.3

Why does 1t .ace 24 hours for the reactor to be in therma)
equilibriym, such that a heat balance can be conducted?

ANSWER C,3

Graphite reflector has a large heat capacity and 1s slow to
attain an equilibrium temperature distribution,

REFERENCE C.3
RSM 6.4

~Section C Continued cn Next Page-

Points
Avsilsble

(‘00)

(1.0)
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MITR-11
October 1, 1985
Points
A\ulag_'ls
QUESTION ¢.4
;gx 1s "blowdown" of the water in the Forced Oraft Cooling
owirs required? (1.0)
ANSWER C.4

Forced draft coo11n? towers concentrate the solids in the
makeup water and collect atmospheric dust, Hence, a feed-and-
blead purge is maintained while they av¢ in operation in order
‘) keep the leve! of dissolved solids within a factor of three
to five times that of the makeup water, A small portion of the
weter 1s diverted through a flow accumulation meter directly to
the sewer, This flow 1s called "blowdown",

. REFERENCE C.4
RSM 3,12

~-Section C Continued on Next Page-

BN
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MITR-1]
October 1, 1985
rYoints
Available
QUESTION C.5
A, Explain how the reactivity effect of dumping the radial
rt;|octor varies with the position of the shim blades. (1.5)
8. !Ex is the radial heavy water reflector pumped up with the
shim bank in the fully inserted position? (1.0)

ANSWER C.5

i
'

A, In as much as the shim blades also operate in the region
between the core and the redial heavy water reflector, the
reactivity worth of dumping this radial reflector is dependent
on the position of the shim blade bank, This effect can be
considered as being due to the shadowing influence that the
blade bank exerts on the reflector. These results show
that the reactivity worth of dumping the radial heavy water
reflector v'2n the shim bank 1s fully inserted is about
two-thirds that of the corresponding value when the bank 1s
at the top of the active core.

(+0.5 for reason, +1,0 for knowing more reactivity with
rods at top.)

B. Safety considerations dictate that the radial heavy water
reflector be pumped up with the shim bank in the fully-
inserted pos tion, This ensures that the reactivity insertion
for this process wil)l not occur when the reactor is or could
go critical,

REFERENCE C,5

RSM 10,6

-Section C Continued on Next Page-




MITR-11
¢ October 1, 19RS
Points
Av.\lcglg
11 .6
You receive & high temperature shield coolant outlet alarm,
The shield coolant autlet temperature 1s rising sIovlf. and
there 15 no evidence of a loss of shield flow or level,
Operationally, what is the probable cause? (1.5)

ANSWER C.6

The secondary side of the heat exchanger is probably clogged with
mud, (Wil) accept other answers alluding to degraded HX performance.)

REFERENCE C.6
PM §5.4.8

QUESTION C.7

Approximateiy how long after a failure of the pneumatic blower
(at full power), will the temperature in the pneumatic tubes reach
100 degrees C (select best answer)? (1.0)

A, Instantly
B. 5 Minytes
C. 30 Mingtes
D, Never
AMSWER C,7

B. 5 Minute:

REFERENCE C.7

PM 5.5,

-Section C Continyed on Next Page-
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MITR-11
October 1, 1985

Points

Avg\ngI!
QUESTION C.8
or FALSE: It does require bypassing a number of safety

unctions, but 1t 1s possible to operate in the 100 kw mode with
no forced circulation of primary coolant, (0.5)

ANSWER C.8

True

REFERENCE C.8
PM 2.2

QUESTION €8

Qescribe how to calculate the total thermal power output of the (3.0)
reactor,

ANSWER C. 9§

Primary Power = (2.62-10")(Pr\01ry Flow)(Primary delta T)
Reflector Power =  (2.912107%)(0,0 Flow)(D,0 delta T)

Shield Power . (2.62110")(Shio1d Flow)(Shield delta T)
Tota! Power « FPrimary ¢+ Reflector + Shield Power

#s not important, just the parameters and three constituents of
total power,

REFERENCE C.9
PM 2.4, p.5
~End of Section C-
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MITR-11
October 1, 198%

D, INSTRUMENTS AND CONTROL (15.0)
Points

: ’ Available
1s the purpose of the AUTO TRANSFER ABORT switch in the (1.5)

reactor control room’

ANSWER 0.1

The AUTO TRANSFER ABORT switch in the reactor control room is used

to eject 2 sample from the reactor, and cause it to exit into the
resctor rabbit station, thus blocking 1ts transfer to the NW-13 hot
lab, The rabbit tube 1t controls (1PHY or 2PH1) 1s determined by

the position of tne AUTO TRANSFER SELECTOR switch at the r-i_it
station, Also, in the case of 1PH], & sample which had been previously
ejected and was being monitored at the stop pin could be exited into
the station,

Full credit for answer 1; half-credit for 2 only,

REFERENCE D
PM 1,10, p. M

~Section D Continyed on Next Page-
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MITR=11
October 1, 1985
Points
Available
ST 0.2
If avtomatic resctor operation is desired, the power-set
1s adjusted to bring the power-setpoint deviation indication
to zero at the desired power level, Why must the scale be
adjusted on channel #9 (the automatic control channel) so that
1ts signal 1s reading mid-range on the indicating meter’ (2.0)
ANSWER 0,2
If this signal is at either the low or high end of the display meter,
the automatic control will either not take control or be sluggish in
1ts response,
REFERENCE 0,2
PM 2.3, . §
UESTION 0.3
Small changes 1n power may be made through the automatic contro)
system, This 15 done by slowly varying the setpoint of the power-
set potentiometer and adjusting the scales of the other instriments
45 necessary.
What would happen 1f the operator moved the setting too rapidly’ (1.5)

ANSWER 0.3

The deviation meter trip would be exceeded and reactor contro)
would trip of f automatic,

REFERENCE D, 3
PM 2.4, p. &

-Section D Continued on Next Page-
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MITR.})
October 1, 108%
Points
Available
7 4
If & 3GV hole that contains a Nuclear instrument detector s
flooded, what will happen to the detector output’ Explain why, (1.5)

ANSHER D¢

Output will decrense (41.0) due to the ‘nereased attenuation of the
nevtrons («0,.5),

REFERENCE D, 4

PM S.4.M

1 0.8

The fatique cracking experiment alarm 1s actuated. Name two (2)
of the four (4) abnormal conditions which could cause such an elarm, (2.0)

ANSWER D, §

Two of the four needed.
a. A hgh sample temperature
b, A very high sample temperature

¢, A GM counter alare
d. Low ai'r pressyre

REFERENCE 0.8

S99

~Section D Continued on Next Page-
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MITR-11
October 1, 1985
Points
AV!11!91!
QUESTION D.6
Once the reactor-read, lamp 15 on, the regulating rod can
be moved to any position of travel, However, shim blade
withdrawa)l motion 15 limited to 4 inches by the “sub~
critice) position” interlock circuit, What are thy
three (3) reasuns for the sub-critical position interlock
circuit? (1.5)

ANSWER D.6

1 To maintain the shim blade bank programmed at & uniform height during
fina) approach to criticality,

2., T~ establish a leve!, below the critical position, to which the
shim blades may be individually withdrawn in ore step,

3. To provide a convenient reference point at which the operatsr can

Pause to make @ complete instrument check before bringing the reactor
to criticality,

REFERENCE 0.6
RSM 4.3

T D)7

TRUE or FALSE: Channel § (automatic control) operates on a gamms-
sensitive cetector, not & compensated 1on chamber, (0.5)

~Section D Continued o~ Next Page-
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Points
Available
QUESTION D.8
There are two (2) primary conlant conductivity cells: MC-) and 2,
Why 1s MC-1 normally selected’ (1.%)
ANSWER D8
Conductivity cell MC.1, which 1s positioned in a filter line at the
10n_exch lymn, 1s normally selected. The olher
cell, MC-d, 15 posit n outlet filter return line, Obviously

inlet measures highest and most conservative conductivity, unless the
fon exchanger 1s leaching out,

REFERENCE L. 3
RSM 6.1

QUESTION D,

How arz flows 1n the reflector se-ondary coolart and shield coclant
nedsured’ (1.0

ANSWER 0.5

Orifice plates and d/p cells,

REFERENCE 0.9
.w ‘Ie

-Section D Continued on Next Page-
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QUESTION D, 10
Explain how the reading on the linear N-16 monitor would change as
reactor power increases. (2.0)

ANSWER D, 10
N-16 production 1s directly proportional to the fast neutron flux,

and therefore 1f the primary flow was constant, the radiation
reading on this monitor would directly indicate reactor power,

REFERENCE 0,10
RSM 7.3

-End of Section D-
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€. SAFETY AND EMERGENCY SYSTEMS (15.0)
Points
i £ 1 Available

What are the three (3) major safety requirements associsted with
operating MITR-11 (according to the Standard Operating Plan General
Instructions)? (3.0)

ANSWER E.1

The first, and most important, is that the release of radioactive
materials to the environment be restricted to the lowest practical
amount, The second safety requirement is that on-site personne
be protected from contamination and that exposure to radiation be
kept as low as 1s reasonably achievable. The third requirement 1s
that equipment, especially the reactor itself, be operated and
maintained properly and that nothing be done that would jeopardize
future reactor operation.

REFERENCE .

M 2.1, p. 1

Why must the react r be shut down 1f the compressed air system 1§
Tost? (2,0)

ANSWER E.2

1f neither compressor is capable of maintaining system pressure, the
dump valve will open, the preumatic instrumentation will be lost, and
all airlock gaskets will deflate once the air within them leaks out

past system check valves, You'll eventually lose containment integrity.

REFERENCE £.2

PM 5,54

-Section £ continyed on next page-
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Points

Av!ilgg1!

QUESTION €.3

For each of the three (3) cases below, describe how emergency core
cooling would be made available, '

(3.0)

8. Assumptions: 1, Loss of norma) electric power supply from
Cambridge Electric Company,

e, All process systems are norma) except for
the loss of power,

b. Assumptions: 1, Level in the core tank cannot be maintained
at the overflow level, but 1t has been
determined that 1t 15 not dropping below the
reactor inlet penetration (in‘et penetration
at -52 inches).

C. Assumptions: 1, Leve! 1n the core tank cannot be maintained at
the leve) of the reactor inlet penetration,

2. The lost water 1s Leing collected in the
equipment room sump and/or & source of makeup
other than ity water 15 immediately availadle,

ANSWER £.3

0. The system w11) be aligned as per normal shutdown cooling except
that M¥-2 wi)) be supplied power from the facility's emergency
power supply and WE-2 will be cooled by city water,

. The systems will be aligned as per modes 3 and 4, but these
modes wil] not be initiated unti] required, As long as the
conditions assumed for mode 2 prevairl, natura) circulation up
through the core and down through the flow shroud check valves
wil) suffice, Meat will De lost to ambient, the reflector tank,
and the off-gas system,

€. M7 «11) be aligned to take a suction on either the equipment
room sump through tre portable hose and strainer, or the other
source of makeup, and discharged directly to the B inch reactor
tnlet line through MV-60 or through the spray nozzles at the top
of the core tank,

REFERENCE £.3

RS™ 3.4.5

~Section € continued on next page-
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Av!i\!EWQ
QUESTION £.4
two (2) mechanisms add negative reactivity to shut down the
vedctor when dump valve DV-4 15 opened? (1.5)
ANSWER £.4

» When contents of reflector "dumps" to dump tank, negative
{.:‘3;"" added due to increased leakage (loss of reflector)
+1.0).

R There 1s & microswitch on the vale which provides a SCRAM when
the dump valve 1s opened (+0.5),

REFERENCE .4
RSM 3.8

QUESTION E.5

long would the emergency batteries provide expected instrument
and pump power following 2 loss of both external electrical power
feeders™ (Select best answer,) (0.%)

o, 40 minutes
L. 4 nours

e. 12 hours
d. 24 hours

ANSWER €. 8

b, & hoyurs

REFERENCE E.5
RSM 8. 00

~5ection £ continued on next page-
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Points
lv!\\.b’.
TION v, 6
Explain the difference between a major and minor SCRAM, (2.%)
ANSWER E.6

A1l automatic resctor scrams cause the current to the magnets

holding the shim blades to be interrupted. This causes the

absorber sections to drop into the core and shut the reactor down,

This action 15 defined as a minor scram, A major scram 1s initiated

by depressing a major s:ron pushbutton, This action
h 1

!,% 1latd n, n hell

r ropO I N

(#0.5 for minor scram definition)
(#2.0 for major scram four parts, +0.5 each)

REFERENCE £.6

RSM §.8

QUESTION E.7

There are eight safet, and emergency related alarm conditions that

will transmit & signa’ to the Campus Patro! Alarm System, Name
five (8). (2.5)

ANSWER £.7

Any five of below

Kigh Temperature Reactor Outlet, MTS-Y
Low Leve) Core Tank

low Pressure MM-14

High Leve) Radiration Monitor

Smoke Detector System

Waste Tanks

Low Pressure Helium Supply

Leak Primary and 0,0 System

I

REFERENCE €.7
RSM 8,15

~End of Section E-
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F. STANDARD AND EMERGENCY OPERATING PROCEDURES (13,%)

Points
; > Av.\l!gls
Both shim blades and the regulating rod can be driven under

sutomatic control provided the associated reactivity is less
than 2 delta k/k, (1.0)

ANSWER F.1

1,82 delta k/k

REFERENCE F.0

Tech, Spec 3.9 (recent change)

QUESTION F.2

What incresse n reactor power requires the authorization and
witnessing by the duty shift supervisor’ (0.78)

ANSWER F.2
»10%
REFERENCE F. 2
PM 1.3, 0, 2

QUESTION F.3
List five (5) entries made 1n the Reactor Console Log for

criticality date during a startup, (2.5)
ANSWER | 3

1. time

11, reactor power and period
111, shim bank and regulating rod positions
v, ccre outlet temperatuyre

v. reflector outlet temperature

REFERENCE F 3

PM 1.8, p. 2

~Section F continyed on next page-
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Points
Av!il!!‘!
Q!HT]Q& Fll
maximum pX valye 1n primary system water requires immediate
corrective action’ (0.75)
ANSWER 7.4
7.0
FERENCE F .4
PM 3,1, p, 12
T F.S
three (3) requirements myst be met tor the reactor to be in
N CURED CONDITION"? (3,0)

ANSWER F. 8

1.  The reactor 13 shutdown,

2. The console key switrh 15 off with the key removed and in the
froper custody.

3. No work 1s 1n progress within the main core tank involving
fuel or experiments, or maintenance of the core structure,

installed contro) blades, or .nstalled control blade drives
when not visibly decoupled from the control blade.

REFERENCE F 5
™ 2.2, 0. 3

~-Section F continyed on next page-
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TION F.6

{agg or FALSE: As defined in the MITR-I] startup checklists,

ECP 75 actually not calculated for the infinite-period critical
position, but for a supercritica)l position with a positive 50-second
period, (0.5)

ANSWER F .6

True

REFERENCE F.6

2.3 p. 2

QUESTION F.7

What are the four (4) emergency classifications addressed in your
emergency plan (PM 4,4)° (2.0)

ANSWER F.7

«  Unusual Event

. Alert

. Site Area Emergency
. Genera) Emergency

REFERENCE F.7

e L Ny

PM 4.4, p. )

~Section F continued on next page-



wi: : @

. MITR-11
October 1, 16888
Points
Avarlatle
QUESTION F.8
The reactor 15 criiical, You receive an alarm indicating that
the primary coolant leve! has dropped 4.0" below the overflow
point, List your required immediate actions, (3.0)
ANSHER F.8
1. Acknowledge the alarm, (+0,25%)
2. Scram the reactor (minor) 1f 1t has not already scrammed,
Verify that reactor power 1s decreasing, (00.‘)
3, Notify the reactor shift supervisor. (+0.5)
4, Check the core tank leve) indicators, ML-3A and ML-3B, both
to determine the actual coclant leve) and to decide 1f 1t 1
dropping or remaining constant, («0,25)
§. Prepare to initiate emergency cooling, Install the quick-
connect hoses located in the control room and in the utilwt;
room betweer valves My-69/Mv-70 and city water lines, (+0.25)
€. Refer to Procedure 4,4,4,) (Safety Limit Exceeded), (+0.5)
7.  Notify the Assistant Reactor Superintendent, the Superintendent,

and the Director of Operations, If a safety limit was exceede.,
notify the Reactor Rad.ation Protection Officer, (40,20)

REFERENCE F .8

PM 4.4.4.4, ¢,

~End of Section F-



3

. MITR.1]
October 1, 1985
G. RADIATION CONTRCL AND SAFETY (14,0)
. Points
ailable
QUESTION G, '
sction shoyuld the Operator-In-Charge take 1f the rabbit
radiation monitor trips’? (1.0)
ANSHER G.)
Inform the shift supervisor (before investigation and resolution),
REFERENCE G.)
PM 1,10
QUESTION 6.2
!htf 18 the basis of the maximum irradiation time limit on the
rabbit (60-megawatt hours at a neutron flyx of 10'7)? (1.8)
Embrittlement of the polyethylene containers,
REFERENCE G, 2
1.0, . 0
QUESTION G.3
There must be no direct contact with fingors on the irradiated
container or samples because of: [Select best answer,) (1.0)

8., high probable gamma radiation

. high probable beta radration

€. high probable surface contamination
d. high probable alphs contasination

ANSWER 6.3
b, beta
REFERENCE 6.3
M 1,10, p. YO

~Sectron G continued on next page-
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Availeble
QUESTION 6.4

two (2) types of dosimetry are all personne! working at the MIT
reactor required to wear’ (2.0)

ANSNER G, ¢

1.  Beta-Gamme Monitoring Badge
2. Pocket Dosimeter (gamma)

REFERENCE G, ¢
M 2.5 9.

QUESTION 6.8
Why 1s @ spil) of heavy water a radiologicel concern® (1.0)
ANSWER G, ¢

Tritium content

REFERENCE G, ¢

P™ 4.5, p. &

QUESTION G.6

If the contatrment building's ventilation system fails, Fﬂ 18
the principal radioactive gas that will butldup in containment’ (1.0)

ANSWER 6. €
Ar-d)
REFERENCE 6.6

PR 4L, p. S

~Sectron G continyed on nest page-
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ESTION G.7

TRUE or FALSE: When washing contaminated skin, it is important
to use hot water to open and clean out potentisily contaminated
pores.

AKSWER G,7

False

REFERENCE G.7

P" ‘l‘.‘.“o' p' ‘

QUESTION G.8

Operation of the Blanket Test Facility (BTF) wil) cause certain
radiation monitor detectors to read higher than normal, Which of
the radiation monitors are most affected by use of the BTF
ANSWER G, 8

Secondary Water Monitors

REFERENCE G. 8

oM 5.6.2, 0. 1

QUESTION 5.9

Explain the difference in extent of qualification for blue, red,
and yellow film badg. s, Which badged group(s) are permitted to
escort members of the general public through the Reactor Building?
ANSWER G.9

Blue - beginning experimental work, must be supervised
Red - allowed to operate experiment by themselves
Yellow - sufficiently knowledgeable to escort public
REFERENCE G.9

PM 1,12, n. 1

-Section G continued on next page-
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Points
Available

ESTION G.10

List three (3) independent measurements or ‘ndicators used to
monitor or Jetect heavy water leakage into the secondary coolant,

ANSWER G, 10

1,

The secondary water monitor is a gamma-sensitive S;int‘1?’éion
detector, It cannot detect tritium but i1s sensitive to N'° and
F-17, ¢lso present in the heavy water when the reactor is
operating.

Datly sampling of the secondary water will allew detection of
very small leaks,

Because of the nature of the reflector system, any loss of 0,0
inventory will be reflected by a decrease in the 070 level 1n
the dump tank,

REFERENCE G.10

Tech Specs, p. 3-30

QUESTION G. 1

Why 15 the Thermal Column Hohlraum maintained under a carbon dioxide
purge’?

ANSWER G, 11

To prevent activation of argon that would result if air entered the
facility,

REFERENCE G. 1

RSM 2.2

-Section G continued on next page-
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Available

QUESTION G.12

TRUE or FALSE: The purpose of the shield coolant system is to

remove the heat deposited in the lead therma) shields by neutron

radiation, (0.5)
ANSWER G,12

False (gumma)

REFERENCE G,12

RSM 3,13

~End of Section G-
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H. KREACTOR THEORY FACE N

-

QUESTION H.0% (3.00

How much reactivity has Deer. acded to a subcritical reactor 1f
the count rate has i1ncreased from 100 rFps to 150 cps and 1f the

initial value of Ketf was .75% Show all calculations and assusptions.

QUESTION HK.02 (3.00)
If heavy water were mixed with light water cooling the core!
2., Would the neutron lifetime increaser decreaser» Or remain the same? (0.7)

b. Would the migration length increaser decreaser or remain the same? (0.7)
c. What 1s the overall reactivity effect? Explain. (1.6)

QUESTION H.03 (3.00)

Explain the different nodes of heat transfer by which the heat of fission
is resoved from the fuel. 1Include major componentis involved in the heat
removal process starting with the fuel and ending at the ultimate heat
sink. (3.0)

QUESTION H.04 (1.00)

Why are delayed reutrons important?

GUESTION H.09 (3.00)

Explairn the effect of the temperature coefficient on reactivity 1f the
thermal power of the MITR II core increases, Include both light ard heavy
water effects.,

(xxxxx CATEGORY M CONTINUED ON NEXT PAGE xxxxx)
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-

QUESTION H.06 (3.00)

The reactor operator 1s conducting & rovtine reactor startup after
1t has beer snhutdowr for several days. Frior to withdrawina a shia
blade he reads a stacle count of S0 cps on the startup channel.
Innediately after withdrawing this blade he reads a count of 80 cps.

@a. If he performed ro blade motion for five sinutesr would the
count rate increaser decrease or resain the same? Euplair,
assuming the reactor 1s subcraitical at B0 cps.

b. After S sinutes he withdraws arother blade the same distarnce
but the reactor 1s still subcritical. Would the change in count
rate (tinme 4nd sagnitude) be different tharn he saw in part (2)
above? Explain.

¢. What indications would the operator observe to determine when
the reésctor had 3ore craitical®

QUESTION H.07 (4.00)

Xeron and Samarium are two poisons which have a significant effect or
reactor operations. Discuss and cospare these two poisons for the
fellowing:

@, Sowrces of the poisors i1n the core (1.0)
. Means of reaoval from the core (1.0)
¢, Effect or reactor operations after shutdown (2.0)

(xxxxx END OF CATEGORY W wmuixxx)



O’JESYION I-Ol (4.00/

A 23 year old 1nsividual nss accumuiated a lifetime occupational dose
of 24 res of whole body exposure cocumernted 1n accorderce with 10CFR20
and has received ro exposure auring the gpresent calerder quarter,

8. How long may he work 1 2 3 wresn/hr area if he works ar B hour day
Mornday throuah Friday? Show your work.,

bs AN indxvxdual ifi & restricted area say be allowed to receive @ whole

body agose 1n e.icess of the quarterly limsit under certain conditiors.
Nsse three conditions,

GUESTION 1I.02 (2.00)

A mixed gamsa arnd beta source in liquid form spills on the floor, Readings
8t 10 feet indicate 1.0 area/hr on a beta-zanma survey meter, If beta's
are not detected further thar six feet fros the spill and 1f the coabined
beta-gamsa dose rate at ore foot is 120 mres/hr what 1s the beta to

9883 ratio? Show your calculations.

QUESTION 1I.03 (3.00)

. Does the biolo3ical effect of a 100 REM dose deperd on
whether it 1s & reutron or gamma dose? Explain.

b. Does the biological effect resulting from bodily intake of a
given quantity (in terms of sicrocuries) of a readiocactive
naterial depend orn which particular 1sotope is 1nvolved?
Explain.

(wxxxas CATEGORY I CONTINUED ON NEXT FPAGCE =mzxzx)
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QUESTION 1.04 (3.00)

A fuel elenent 15 suspended i1rn the Reactor Fool approximately
1 seter under water., A radiastion survey meter held at the surface
of the water reads 100 mrewn/hr.

v, Ignoring buildupy what radiatior level would you expect 1if
the fuel element broke the water? Assume an attenvation
coefficient of 0.03% caur-1. (1.0)

b. If the radicactive sotopes in the fuel element had an average half
1i1fe of 30 sinutesy how lon3 would 1t take for the racdiation level at
the surface of a one inch lead shield cask to drop to 20 mrea/hr?
Assuse an i1nitial contact dose of 2 R/hr for the fuel elesent and 2
tenth thickness of two inches for lead. (2.0)

QUESTION 1I.00 (3.00)

To assure that experiments in the reactor do not affect the safety of the
reactory Technical Specifications demand that all experiments within the
reactor shall confirm to @ set a conditions. List six of the seven cond-
itions set forth in the Technical Specifications.

QUESTION I.04 (3.00)

For the case of & radiological emergencyr» list seven i{mmediate actions
that the on-shift supervisor must ersure have been cospleted. (Assune
rno medical assistance arnd no radiation surveys by Campus Folice are
required) .

QUEETION I.07 (2.00)

Does the nusber of disintegrations per minute (dpm) from a radicactive
source equal the counts per minute (cpm) obtained from a survey instru-
sent? Eriefly explain.

(xxxxx END OF CATEGORY I  =xxx3x)
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FIC OFERATING

QUES

Eriefly nost reliabie method of determirning the steadv state
power atl ) and wnen this sethod can be vsed.




K. FUEL HANDLING AND _URE FARAMETERS FAGE g

QUESTION .01} (3.00)

After esch refueling or chan3e ir core loadings the reactor thall rnot be
operated above a power level of 1,0 KW unless arn evaluation 1¢ sade to
ensure that two Technical Specifications are sstisfied.

a. MWhat are the two Technical Specifications? (2.0)
b: MWhat persons shall complete and approve these evaluations? (1.0)

QUESTION K.02 (3.00)
Give the basis for the following specifications!

@, The reactivity worth of the regulating rod connected to the auto-
aatic control systea 1s less than 0.7X delta k/k.

b+ The sarimum controllec reactivity addition rate is rno more than
9%x10%2-4 delta k/k /sec. ‘

€« The reactivity worth of the D20 reflector dumsp is greater thar the
reactivity worth of the most reactive shis blade.

QUESTION K.03 (4.,00)

During refuelinay what are two designed safety features associated with
the hold-dowr arid plate and what do they prevent®

QUESTION K.O04 (3.00)
8. Under what conditiory during refueling» 1s the heavy water reflector not
dumped? (2.0)
be What Technical Specification requiresent sust be checked 1f the heavy
water reflector i1s not dumsped? (1.0)
QUESTION K.O0% (2.00)

What two Technical Specifications requiresents sust be met before approval
is given to remove Lhe spent fuel frowm the reactor vessel to the transfer

flask?
(xxxxx CATEGORY K CONTINUED ON NEXT PAGE =xx2xx)
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QUESTION K.C

Accorgding to yowur Technic ecificationsy when 1is your reacto
considered secured”




"L+ ADMINISTRATIVE FR EOURES)» CONDITIONS AND LINLTATIONS FAGF

QUESTION L.0O! (2+50)
In accordance with your Admiriistration Frocedures.

8. FEriefly describe the asdsirastrative procedures followed 1f 2 safety
furctiorn required by Techriacal Specificastions as 8 Lisiting Condition
for Operation 1s to be teaporarily bypassed (assume 1t 1s not a part of
ar. approved procedure). Include in your answer who may authorize the
bypassr» condition of Lthe reactor and recording requiresents. (1.9)

b. HWhat adcitional requiremerts are necessary if a juaper 1s used? (1.0)

QUESTION L.O2 (4.50)

Indicate whether or rnot each of the following is & violation of procedures
sand/or Techrnical Specifications. Briefly explain why it is or it is not &
violation.,

8. Operating with five shiw bladesr ‘he sixth shis blade is fully inserted

b. Operating at 2 MW with one primary pusp and 1000 gpm prisary coolant
flow rate

¢+ Operatinz at 150 KW with the esmergency cooling systea inoperable
d. Operating at 100 KW without emergency power available

e. Operatinz at full power with one of the three reactor floor areas
radiation monitors irioperative

f« Increasing the reactor power from 200 KW to 300 KW with the duty shift
supervisor in the Utilities Roow.
(0.75 each)

QUESTION L.0O3 (3.00)

Any change tc a coaponent or systes which involves ar ‘unreviewed safet;
question®' 1s @ *Class A' proposal. A proposal change *shall be deewned to
involve arn urreviewes safety question' i1f what three criteria are set”

(xxxxx CATEGORY L CONTINUED ON NEXTY FAGCE =mxxxx)




L+ ADMINISTRATIVE | CEDURES,» CONDITIONS AND L. [TATIONS FAGE 11

- it - - - - -

QUESTION L.0O4 (1.50)

List five of the services that the Reactor Radiatior Frotecticr Office i:
responsible for providing for radiation grotection anc compliance with
guverrnnertal regulations.

GUEETION L.OS (1.00)

Under what conditions say som? ore be authorized to in-ur racdistion
exposures i1n excess of the "0 CFR 20 limits?

QUESTION L.0O4 (3.00)

I regards to General Safety Kulesr» once permission is grantedy what are
three joint responsibilities of the operator-in-charge and the personnel
entering either the reactor tops the sedical therapy roomry or the equip-
aent roos wher the reactor is operating®

QUESTION L.0O7 (2.00)

8. MWhat are four variables associasted with the core therasl and hyd, av'ic
performarce”

b. HWhat 1s the objective of the Safety Limits?

QUESTION L.OB (2.50)
8. GCivern the everts below. state which emnergercy classification should
be declared. (0.9 pts each)

1. A large crowd of protesters marching around the reactor building.

2 A fire damaging an experinent which causes the relezse of radio-
active materiels.

3. A tornado dasaging the containment building.

4, A slow and vncontrollable decrease ir core tarnk level such that
level renains above the anti-syphon valves.

b. What criteria 1s usead for classifying esergency conditions? (0.%5)

(xxxxx END OF CATEGORY L =muax)
(xxpxxxxxxxxxx END OF EXAMINATION 2 Xxasxxxxsnsxy)



1.

2.

6.

!

Table &4.5.3-1: EALs for “otification of Unusual ﬁantl

Confirmed abnorrmal radfation levels leading to actuoi or nrojected radiclogical
effluents at the site buundary excecding 10 MPC for unrestricted areae when
averaged over 14 hours. 1his level corresponds to an exnosure of 1§ mrem vhole
body accurulated cver 24 Nours., (PV 4,4.4,1%h)

Report or observation that .evere natural ohenomena are either irrinent or ex-
isting. These include storms with tornade or hurricane force vinds that could
strike the facility, earthquakes that could a'versely affect the reactor's
safety systems, and floods that could adverselv affect the reactor's safety
systems. (PV™ &4,4,4,2

Threats to or breaches of security, (PM 4.6,4,58/4,4,4,6)

A reactor safety lirit's being exceeded such that a fuel damage accident that
cvuld release radionuclices to the containment building is poesible,

(PM &.4.4.1)

A fire witliin the containnent building thar lasts bevond the incipient stage

or for wore thin ten rinutes., (PM™ 4,4,6.3)

Receipt of a bomb threat, ({(PM™ &4,4.4.,7)

SR¢-0-82-19 AUC 6 1982



3.

5.

6.

7.

Table (.5,3-2: EAls for an Alert

Confirmed abnormal radiation levels leading to actua) or projecte? radiological
effluents at the site boundarv evceeding 5N MPC for unrestricted areas when
averaged over 24 hours., This level corresponds to an exvosure of 75 mrem whole
body sccurulated over 24 hours., (PM &,4,4,150)

Same as 4] except the effluents could cause an integrated exposure of 100 mrer
thyrodd. (PM &.4,4,.15D)

Radfation levels at the site bSoundary of 20 mrem/hour sustained for one hour.
(PM 4.4, 4, 00b/4,4,4,10)

Abnormal loss of prirary coolant such that the core tank level remains at or
above e anti-svphon valves., (PM &,4,4.4)

Loss of radicactive rmaterial control that causes radiation dose rates or air-
torne radionuclides to increase above permissible exposure levels by a factor
of 1000 throughout the containment buildirg., (PV™ 4,46,4,12)

Radiation dose rates throughout the containment building in excess of 100 mrem/
hour sustained for one hour. These leveis would necessitate evacuation of all
personnel. (PM &.,4.4,12)

A fire leading to loss of radicactive material control within the containment
building, (PM &,4.4.3)

An {mminent or existing hazard such as:

(a) Missile(s) impacting on the containment building.

(b) An explosion that affects facility operation.

(¢) An uncontrolled release of toxic or flammable gaces into the containment

buflding., (PM™ 4.4.4.9)

SK1-0-82-19 AUG 6 1982




Fale !fr a8 Si{te Area Fmerpency

Coenfirmed aknc ] ‘ is leadinp to actuai
cal effluents t mindarv exceedineg 25N P~ far unrestricted

hen averared T3 hou This level corresnonds to an exnposure of 375

grem wvhole bocdy accunulate: v 24 hours., (PM &.,4,4,]15D

Sane as #] except the effluents could cause an integrated exposure of 507

wren thvroid. (P 4&.4,.4,]150)

Radiation levels at the site boundary of 100 mrem/hour sustained for one hour.

(PM &4
Abnorral los 1 y coolant such that the core tank level droos below

the antd pho (Mote: This accident is not considered crediMle,

but p ( i or coving t L o) (P¥ & .4,4,0)

. .

the reactor. ("™ &.6,.4.6°




2.

3.

R« 40 01

Table (,5.3-L: FEALs for a GCeneral Frmerpency -

Actual or projected doses at the site boundary {n the exposure pathwav of 1 rerm
vhole body or 5 rer thyvroid for unrestricted areas when averaped over one hour.
Note: Figure &.7.0.2-]1 lists the conditions and instrument readings correspcnd-
ing to a projectec off-site dose of 1 rem/hour. (PM™ &,4.4,158)

Sustained actual or projected radiation levels at the site boundary of $00 mres/
hour wvhole body. (PM &.4.4,04a/64,6,4,10/4,4,4.12)

Blockage of fuel element channels thereby causing a loss of coolant to the
affected channels and a tuel relt. This is the design basis sccident,

(PM &.4.6,15%a)

Loss of physica' control of efither the containment building which includes the
control roor or of auxiliary areas that house vital eaquipment. (P™ &,4,4,8/
4,6,4.6),

Events that have caused ov will cause massive facility and/or reactor svstem

danage that could lead to the melting of fuel, (P» &4.4,.4,152)

SR -0-82-19 AUG 6 1982
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REACTOR THEORY

ANSMWERS

SWEF

1z Cre (1-herf
100/15¢C (1-heff
1-KeffQ 10/71°F
Keff2 0.967

A /

Change ir rcactivit (1-Keffl/Keff2] -

Veffl -~ Keffl / Keffl
0.9%

0.947 -~ 0.9% /
1.85% X delta N/K

REFERENCE
Procedure Marval (FM _ g« 102

ANSWER H.02
P Increase
b. Increase

[ The ancreased mi13rg length would tend

and leakage anc tt pcd negatlive reactay

KEFERENCE
Reactor Sys

ANSMEF

Lonng

”

Force
Conduction
Forced co
Evaporat
REFERENCE
Introducti

KSM Fas .

INSTITUTE OF TECH. 85710702

-SILK»

(0.9)

(0.5

(0.1

0.

(1-Keffl. /Kef?®1)
x Keff2
0.9647

L0 1ncrease
ity

reusLron

(0.9
(0.21
(0.1

(0.7)
(0.7)

lifetine
“"C“




M. REACTOR THEORY

-

ANSWERS =-- MASS, INSTITUTE OF TECH. =85/10/02-SILK,» D.

FAGCE 13

ANGWEF H.04 (1.00)

The delayed rneutrons 1ncrease gernerstion time which 1ncreases the
period and thus the reactor can be controlled.

REFERENCE
Introduction to Nuclear Engineering, chapter 7 p3. 245 J K Lamzrsh

ANSHWER H.0S (3.00)

Increasing the teaperature of the light water will insert nagative reactiv-
ity by causing the neutrons to take longer to thersalize so there are
fever fissiuns (1.5). Heatina of the heavy water reflector will add nega-
Live reactivity by allowing rneutron leakaae to increase (1.5).
REFERENCE

RSM pa. 10.8

ANSHER H.06 (3.00)

8. Increase slightly ther level out(0.4) cdue to subcritical avltiplication
(0.4),

b« Larger increase(0.3) and longer o level out(0.3) adue to greater nuaber
of generations to reach equilibrius(0.4).

€. Steadily increasing count rate or slight positive period with
Nno rod withdrawal. (1.0)

REFERENCE
FM 2.3 pa. 142



M.

REACTOR THEORY FAGE 14

-

kNSHERS == MASS., INSTITUTE OF TECH. =-85/10/02-SILK: D.

ANSWER H.07 (4,00)

3.

b

Co

Eoth are produced directly from fission and from their respective
decay chain. Te-13% decays to 1-135 which decays to Xe-135., Nd-14¢
cecays to Fr-145 which decays to Sa-149, (1.0)

Eoth can be resoved from the core by neutron absorption. Xe-13%5 can
also be removed by radicactive decayr whereas Sn-149 is stable., (1.0)

When the reactor 1s shutdowny both poisons increase in concentration

due to production fros their decay chains and because neither are being

resoved by neutrorn absorptiorn., Se-149's increase 1s relatively suall

and reaches & maxiaum and resains there until the reactor is operated

again. Xe=13% wi'l increase Lo a peak and then decrease slowly as

eore Xe-13Y 1s decaying than is being produced by the decay of I-135,
(2.0)

REFERENCE
RSH PS 10.6 to 10.8



,x.

RADJOACTIVE MATE ALS HANDLING DISFOSAL AND sZARUS

‘ANSWERS ~-- MASS., INSTITUTE OF TECH. =-85/10/02-SILK: D.

ANSHER 1.01 4.00)

8.

S(N-18) = $(23-18) = 2%

9% - 26 = 1.0 Renm = Ma:., Dose

Max., Dose = Dose Rate X Tinme

1.00 Res = 0,003 Rea/hr X 8 hr/day X No. of Days
No. of Days= 41.6 days

b. Frovided that (1) He does not exceed 3 res per quarter

(2) His radisvion history is kriowr and recorded or
the groper form (NRC “orm 4)

(3) The dose received when added to his radiation
Nistory does rnot exceed S(N-18) ress where
N = the person's age at his last birthday

REFERENCE

10 CFR 20.101

ANSKER I.02 (2.00)

d x (r)*22 = D x (R)A2
1 er/hr » (10)2A2 = D % (1)72
0 =100 mr/hr 1.0

Eeta dose = 120mar/hAr =100 wmr/hr
= 20 ar/hr

Beta to 3amna ratio = 20/100 = 1/% (1.0]

REFERENCE

FAGE 1%

(1.0)

(1.0)
(.66)

(.67

(.67)

Introduction to Nuclear Engineeringr chapter § pg 409,410 J K Lanarsh



* 1. KADIOACTIVE MATEL LS HANDLING DISFOSAL AND nAZARDS FAGE 16

ANSWERS -~ MASS. INSTITUTE OF TECH. =8%/10/02-SIL¥s D.

ANSKHER 1.03 (3.00)

8. No [0.5) A Rem dose accounts for the type and ererqy of
radiation, ([(1.0)

b. Yes [0.5) 1Interral dose depends or biclogical and physical T 1/2,»
referred organsy type of radiation., [1.0)

REFERENCE
Introduction to Nuclear Engireering:» chapter 9 J K Lasarsh

ANSWER I1.04 (3.00)

' I = Jo e{~ux)
100 aren/hr = Jo e<{~0.035 ca(=1) 100 ca)
Io = 3311 mren 4

Io 10 {-x/TVL) (TVL = %
Io I 10 {x/TVUL)Y = 43,295 area/hr

Ilo Il e{(~(.693/half life)t) (wher: & T : ' se)
Lt = ~(half life/.46%93) 1rt(lo/’li)
Lt = ~(30 #in/.693) 1n(é3.25/2000) = 149.% sinutes ()

REFERENCE
Introduction to Nuclsar Engineerings pas 22y 835 J R L L3

be 1

ANSWER I1.09 (3.00)

Reactivity Effects

Thermal-Hydraulic Effects

Chemical Effects

Radiolytic Decomposition

Experinent Scran

Frototype Testing

Radicactive Release (@ 0.5 ptsy any in 3.0)

REFERENCE
Technical Specifications (T,8.) &.1v pg. -1 to é-7




1. RADIOACTIVE MATER. .S HANDLINC DISFOSAL AND hwlAKDE FACE

ANSWERS =-~- MASS, INSTITUTE OF TECH. -e,/xO/oz =SILKy D,

ANSWER 1.0¢ (3.00)

#. The reactor 15 shut down

b. The containsent building is isclated

c. Experimerters are evecuatesd

d. Off-duty licensed ard radiation protection persornel are riotified

e. The MIT Campus Folice are requested to stand- by

f. Radiation levels are monitored on-site and tracked off-site using
the MITR Radiation Frotection Office's remote monitors

9+ Off-duty personnel are briefed as Lhey arrive

REFERENCE
Frocedure Manval (PM) 4,3 g 3

ANSVUER 1.9 (2+400°

No. The cpa must Le corrertec ‘or efficiency of Lhe detector and
the geosetry of the source ir rolation ¢ the detector.

REFERENCE
RSM pags .20 7.1



¢ J. SFECIFIC OFERATIN. CHARACTERISTICS FAGE

16
ANSWERS ==~ MASS., INSTITUTE OF TECH., ~-B5/10/02-SILKs D.

ANSWER J.01 (3.00)
The cooling tower spray shall be shut down
The secondary systes water discharge shall be stopped

The 020 reflector heat eichanger shall be isclated

REFERENCE
T.5. 3.8 FS. 3-26

ANSHER J.02 (3.00)

a. High flux regions such as the therwmal colusny pipe tunnels 1id space
experinertal port and instrument lead boxes. (2.0)

be The high flui re3ions are sealed and/or flooded with carbon dioxide

in order Lo excluce as such air as possible sirce Ar-40 is present
in &ir, (1.0)

REFERENCE
RSH Ps. 715

ANSHER J.03 (2.00)

Natural convection valves are ball type pressure-operated cherk valves
located on the wall betweer the inlet and outlet of the core that are

designed tc oper on a loss of primary punp pressure to allow natural
convective flow around Lthe core.

REFERENCE
Shf Ps. 005 and ISvl:
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SFECIFIC OFERATIN. CHARACTERISTICS FAGE 19

T e

ANSWERS -~ MASS., INSTITUTE OF TECHM. -85/10/02-SILKs D.

ANEWER J.04 (2.00)

It limits shie blade withdrawel motion tu four inches.

1. It maintains shis blade bank prograssed at 2 uniforms height during
final approach to criticality.

2. It establishes & levels below the critical posit.ony Lo which the
shis blades nay be individually withdrawn in one step.

3. It provides a conveniert reference point at which the operator can
pavse to sake a conplete instrusent check before bringing the
reactor to criticality

(+7% pts each)
REFERENCE
KSHM P33 4.3
ANSHER Jo0S (3.00)

The peak in the differential rejulating rod worth ocrurs at low rod height
becauvse the full in position for the regulating rod is six inches asbove the
bottos of the fuel elements &nd once the regulating rod is withdrawn any
sppreciasble amounts it 1s heavily shudowed by the adjacert shim blades.

REFERENCE
RSH PS. 10,4

ANSWER J.0é (3.00)
@a. The blade bank exerts 2 shaJdowing influence on the reflector
be Full in = this insures that the resctivity insertieon for this process
will not occur when the reactor is or covld go critical
REFERENCE

RSM

P9 10.4



* Jo SFPECIFIC OFERATIN. _HARACTERISTICS FAGE 20

ANSWERS -~ MASS. INSTITUTE OF TECK. ~-B5/10/02-SILKs» D.

ANSHER Je0? (3.00)

A neat balarce calculated fron the Frimary, reflectory ard shieles

systes flows and temperature rises once these svsten
equilibrium, 4 $ are in therwnal

REFERENCE
PR 2.4, PSS e

i




K. FUEL HANDLING AND COKE FPARAMETERS LAGE 1

ANSKWERS =~ MASS, INSTITUTE OF TECH. =-85710/02-SIL¥Ks D.

ANSWER K.01 (3.00)
a. The ratio rhcr,/d‘ﬁ, is predicted to be less than 2.9

The core is predicted Lo operate below incipient boilang at every
point in Lthe core.

b. Two Seriaor Reactor Cperators.

REFERENCE
1.50 301' F3- 3"

ANSWER K.02 (3.00)

4. The total wvorth of the rod is tu be limited such that the coaplete
withdrawsl of the rod will not sake the reactor promapt critical

bs THhis value 1s conservatively within the range of reactivity insertion
rates norsslly accepted for reactor operation. Control systeas in
this range give anple nargin for proper human response during
approach to critical and power operations.,

s The additional independent capadbility for reactivity contreol provided
by the D20 reflector duap gives added assurance that the reactor can
be sade subcritical under arn adverse corndition of fuel loading or
control blede malfunction

REFERENCE
Y.8:. 3.%» FS. 3-32 to 3-3%

ANSWER K.03 (4.00)

1. Tne grid 1s designed so that there 1s norsally access to only one
core position at @ time (1.0). This lisits the asount of water that
cén be in the core at any one tise by making 1t difficulty though not
ispossibler for more tharn one core position Lo be defueled at time.(1.0)

2. The grid's latch i1s interlocked with the primary coolant pusps so
that 1f the latch is released:y Lthe coolant pusps stop and resein off
until the grid is latched aga'n (1.0): This protects the fuel elesents
fros desage and the reactor as 2 whole fros inadvertent craticality(1.0)

e ¥



¥+ FUEL MANDLING AND CORE FARAMETERS FAGE

)
"

ANSWERS -~ MASS., INSTITUTE OF TECH. ~-8%5,/10/02-SILKy» D.

REFERENCE
’" 207' ”o 3
ANSHER K.04 (3.00)
¢v If dusping would cause the nuclear instrusentation startup channels to
indicate less thar 10 counts per sinute. (2.0}
b: The shutdowun sargin would have to be checked. (1.0)
REFERENCE

FM 2.7 F3. 3

ANSWER K.00 (2.00)

1. The elenent to be moved cannot be soved unless it has not beer
operatec in the core at & power level above 100 KW for at least
four days.

2. The K-effective of any storage area outside of the reactor
core shall be less tharn 0.90

REFERENCE
1030 3-‘0." Ps. 3‘3:'

ANSWER K.0é (3.00)
Safety channels cperable Set points
Feriod (2 channels) > 3 sec
Neutron Flux Level (2 channels) 100 KW
D20 Duep Valve Selector Switeh (1) -
Manual sa jor scranm (2) -
(0+S ea~h response)
REFERENCE

T.8:. 3.72.2» F3- 3-21+22



{ FUEL HANDLING AND CORE FARAMETERS FAGE 23

e

ANSWERS -~ MASS. INSTITUTE OF TECH. =85/10/02-SILK» D.

ANSHER K07 (2.00
8. The reactor is shutdown (+66)
b. Console key switch off and bey 18 1n proper custody (+67)
€« No work 1n prosress within the main core tank invelving fuel or
experinents: or maintenance of the core struciure: installed
control blades or installed control blade drives when not
visibly decoupled from the control blade (467

REFERENCE
T:8:. 1.1 py i-1




L« ADMINISTRATIVE FROLEQUFESs CONDITIONS AND LIMITATIONS FAGE 2¢
ANSWERE -~ MASS, INSTITUTE OF TECH., ~B8%5/10/02-SILK» D.

ANSWER L.0} (2.950)
2. i« The reactor msust be shutdow: a4 the bypass sust be removed
before reactor startup (0.5
11+ HMust be approved by Duty-Shift-Superviser or Reactor Superintend-
ent (0.5)
111+ The bypass authorizor's initials sust be recorded on the Lypass
103 sheet (0.%)
b. If Juspers are useds the jumper must be taggedi: a warning tagz
placed on the shia blade control handle stating that the reacto-
1s not to be started up wntil the bypass is resoved. (1.0)
REFERENCE

"H ‘09' P3. 1

ANSWER L.02 (4.50)

a. Vioclation of Techrnical Specifications (T.8.)(.2%)» sixth shia blade
sust be at the operating position or higher (except if < ] KW for blade
calibration) (005)

b. No violation (.29 with one pung 3.0 MW allowed and siniaun 2f 900 3re
(0.%)

¢« Violation of T.8. (.20 power levels in excess of 100 KW require the
emergency cooling system to be operable (0.5)

d. Violatiorn of T.85. (.2%9)s energency power aust be available whenever the
reactor i1s operating (0.5)

. No violation (,29)» T.5. requires at least orne areas raditien sonitor on
the reactor floor to be operating (0.%5)

f. Violatiorn of procedure (.25)y the duty shift supervisor asust authorize
and witness both startups and increases 17 reactor power of greater
than 10X (0.%)

REFERENCE

8. T.%. pg. 3-32
be. 7.8, Fa. 2-95
C T.8. FS. 3-1%
d. T.5. Fa. 3-21



”~
o

L+ ADMINISTRATIVE FROCEDURES, CONDITIONE AND LIMITATIONS FAGE

b A ——— bl L I I S app— -

ANSWERS -~ MASS., INSTITUTE OF TECM. ~85/10/702-8ILK, D.

L) T.5. ”a 3-27
e PR 1.3 Fa. <

ANSWER L.03 (3.00)

1« If the eorobability of occurernce of the cornsequerces of arn accident or
salfunction of equipment inportant to safety previously evaluated irn
the safety aralysis report b2y De increased.

2. If & possibility for arn accident or valfunction of a different type
than ~y evalusted previously in the safety aralysis report say be
created,

3. If the sargin of safety as defired in the basis for any technical
specification is reduced.

REFERENCE
Fr 1.4, pg.2

ANSHWER L.04 (1.50)
8. Kegistration and instruction of radiation workers
b+ Fersonnel scritoring of radiation e posure

€. Radicisotope laboratory inspectionss radiation surveyss and area
sonitoring

¢. Radioactive waste collection

e. Calidbration and repair of radiation protection instruments

f. Calibration of reactor radiation detection instrunents

9+ Environmental sonitoring

he Leak-testing of sealed radicactive sources

i1+ Advice 1n radiation emergencies: and special decontamination operations
,+ Maintenance of radiation protection records (any fiver .30 pis each)

REFERENCE
FM 1.11y pg. 1



L. ADMINISTRATIVE FROCEDURES, CONDITIONS AND LIMITATIONS FAGE 2¢
ANSWERS =~ MASS. INSTITUTE OF TECH. =8%/10/02-SILKs» D.

ANSWEK L.0S (1.00)
To save a humar life (0.%5) or to insure nuclear safety (0.9)
KEFERENCE

FM 4.3, pg. 14

ANSWER L.06 (3.00)

fo determine that rormal radiation levels exist based on control room
and/or locel instrumentatior.

2+ To asst's the rieed for a radiation survey with 8 portable detector.
3. Te evaluaie the potential for dose rate changes during occupancy.

REFERENCE
FM 1,14y pa. 6

ANSWER L.07 (2.,00)
8. Total reactor thernal power
Reactor coolant total flow rate
Reactor coolant outlet temperature
Hei3ht of water above the nutlet end of the heated section of the
hottest fuel chennel (+29 pts cach)

b. To establish linits within which the integrity of the fuel clad
is saintained (1.0)

REFERENCE
‘080 2.1! Ps. 2'1

e b



L. ADMINISTRATIVE FROCEOURES, CONDITICONS AND LIMITATIONS FAGE 27

B S S Rl A S

ANSWERS =~ MASS, INSTITUTE OF TECH. =-85/10/02-SILK., D.

ANSHER L.08 (2.50)
@« 1. Notification of Unusual Event
2+ Alert
3. Site Areas Energency
4. Alert (0.5 pts each)
b, Fotential radioclozical consequences (0.95)
REFERENCE

) FM 4.5, Fas. 10 to 12
b FM 4.4, F9. Q
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138 Albany Street
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>incerely,

Original Signed By;
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{on Report No. 50-20/85-02
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REPORT DETAILS

Key Persons Contacted

*Lincoln Clark, Jr., Director of Reactor Operations

*John Bernard, Superintendent, MIT Research Reactor Oparations/Maintenance
*Kwan Kwok, Assistant Superintendent, MIT Research Reactor

Jerry McDade, Supervisor, Campus Security Systems

*Denotes those present at the exit interview.

30702 - E«it Interview

The inspector met with the licensee representitives indicated in para~
graph 1 at the conclusion of the inspection on Seztember 25, 1935, and
summarized the scope and findings of the inspecticn,

81480 - Physical Protection of SNM of Moderate Strategic Jignificance

The licensee's program for the physical protection of SNM of moderate
strategic significance was “eviewed by the inspector and was found to
conform to HRC requirements and the licensee's implementing procedures.
Specific components of the program that were inspected incl,ded: records
and reports; security organization; alarm response; key control; detec-
tion aids; physica) barriers; and written security procedures,
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U.S. NUCLEAR REGULATORY COMMISSION

REGION 1
Report No.: 86-01
Docket No.: $0-20
License No.: R-37
Licensee: : Massachusetts Instituty of Technolo

ssachusetts 02139
Facility Name: MIT Nuclear Laboratories
Inspection At: Cambridge, Massachusetts

Inspection Conducted: February 25-28, 1986

Inspectors: T. Foley, Senior Resident Inspector, Calvert Cliffs

gsidont Inspector, Maine Yankee

7

afa/te
el, Reactor Projecls section 3t Date
Summary: Inspection on February 25-28, 1986 (Report No. 50-20/86-01)

Areas Inspected: A routine unannounced on-site inspection of licensee activities
ThcTuding. Action taken on Previous Inspection Findings, Facility Tour, Facility
Operations, Requalification Training, Surveiliance, Experiments, Radiation Protec-
tions, Audits and Committees, and verification of reduced on-site storage of High
Enrichec Uranium (HEU).

Results: Although no violations were identified, two concerns were identified
regarding documentation of the licensee's bases for changes, test and experiments
determined not to involve an unreviewed safety question (Paragraph £ a), and cali-
brations of dosimetry instruments (Plrl?rlph 10). Stored quantities of HEU on site
are micima), and operation of the facility appears to be in conformance with ap-
plicable requirements.

.Wp‘wﬁi i 22




DETAILS

1. Key Persons Cortacted

*J. Bernard, Superintendent, MIT Research Reactor Operations and
Maintenance

*L. Clark, Jr., Director ¢f Reactor Operations

*0. Har\inx. Director, Nuclear Reactor L.boratory

*K. Kwok, Assistant Superintendent, MIT Research Reactor

*E. Karaian, MIT Radiation Protection Officer

*Denotes those present at the exit interview.

2. Licensee Action on Previously ldentified Enforcement Items

(Closed) (82-01-01) The failure to maintain at least 12 inche: edge-to-euge
separation of packages containing SNM was corrected by novin? the BTF sub-
assembly containing 1.1% enriched U0, to a location not within 12 inches
edge-to-edge of any other SNM, Addi{ionally. within each storage location
signs are posted with instructions specifically prohibiting storage within
17 inches of other SNM,

(Closed) {83-02-01) The corrective actions identified in Inspection Report
50-20/83-02, regarding the licensee's failure to adequately post the Hot Cell
Area as a High Radiation Area, are still in place. The inspector verified
the actions taken by the licensee identified in the above report.

(Closed) (83-02-02) The inspector verified that the licensee no longer uses
yellow and m:genta ropes for barriers where radia.ion areas do not exist, ard
that Radiation Protection controls the use of radiation area barrier ropes.

(Closed) Violaticn (85-01-01) The licensee's crrrective actions to packaging
281 millicuries ot Rhenium=186 and 824 millicuries of Rhenium=-188 wire and
incorrectly labeling the pacxage as 8 millicuries of Chlorine-38 for shipment
to Massachuse*ts General Hospita! were as follows:

(1) a specific procedure for "Hot Cell” work was written,

(2) the contro)l of work was re-emphasized to Hot Cell workers,

(3) specific references are now written on samples and pneumatic tube samples
are i1dentified,

(4) specifically-shaped containers as indicated on Part Il of the work form

are used,
(5) distinguishable markings on the samples are recorded on Part 1l of the

work form, and '
(6) the gamma dose rate on the work form is verified.

The inspector verified thet these actions were performed and in effect during
inspection of the facility.




(Closed) (84-01-01) Procedure should be clearly labeled with the title of the
individua! responsible for its implementation. The licensee has placed the
responsibility on the console operator for all immediate actions of Abnorma)
Operating Procedures (AOP) and Emergency Operating Procedures (EOP). The
shift supervisur is responsible for review of the immediate actions and for
follow up action. The inspector reviewed AOPs and found the procedures con-
tained the recessary direction to the licensed operators.

(Closed) (84-01-03) Incorporate Emergency Action Levels (EAL) into procedures
such that classification of events is readily available. The licensee has
incorporated into procedures the EALs listed for non-radioloyical emergencies.
EALs for "Zxcess Radiation at the Site Boundary Resulting from a Contained
Source" were incorporated into the appropriate procedure. EALs are covered
in procedures either as a sub-part of major radiological emergencies or emer-
gency procedures.

(Closed) (84-01-04) Accuracy of Procedural References. The licensee reviewed
procedures and corrected the typographical errors which led to the inaccura-
cies.

(Closed" (84-01-05) Provide high range dosimeters within the Containment
building emérgancy lockers. The licensee located two high range dosimeters
in the emergency locker in Containment. In addition, other high range dosi-
meters are located outside of the Containment for use by other personnel as-
sisting in emergency 3ztisrn:

(Closed) (84-01-06) Provide guidance on supplying dosimetry to mecicai per-
sonnel. Dosimeters will be issued to responding medica)l personnel if the in-
Jury involves radiation exposure or contamination. This action has been pro-
ceduralized for medical emergencies

(Open) (84-01-02) Deveiop EALS based on specific i1nstrument readings for each
of the four classification levels specified in the Emergency Plan. The lic-
ensee respondec to this item in its reply to Inspection Report 84-01 dated
July 25, 1984 This particular item was confusing since the licensee inter-
preted the acticn necessary to close this item as being a rewrite of the
Emergency Plan. The licensee listed the actions it would need to accomplish

a rewrite of the Emergency Plan and requested additional guidance. NRC Region
I responded on September 14, 1984 and forwarded this item to Meadquarters for
review. The inspector discussed the issue with Headquarters personnel and
determined that resolutior of this item does not require a rewrite of the
Emergency Plan. Additiona) discussions between the licensee and Headquarters
were conducted. Documentation of the resolution of this item will be reviewed
in subsequent inspections. This item is open.

Facility Tour

On February 25, 198G at about 6:00 p.m the inspector arrived on site. Ob-
servation of physical security controls appeared adequate. Tpe inspector met
the Assistant Superintendent and ascertained that shift staffing was in con-



formance with Tecpnical Specifications (7S5). Subsequently a meeting was con-
ducted with the Director of Reactor Operations regarding the scope and purpose
of the inspection. A tour of the facility was conducted immediately there-
after. General observations of security, health physics controls, housekeep-
ing, staffmng and back shift operations were noted. Control Room observations
and Reactor lant s{stom parameters were monitored by the inspector and com-
pared to Technical Specifications. No inadequacies were noted. Additiona)
tours were made later during subsequent days of the inspection. Inspection
tours included: Spent Fuel Pool, New Fue! Vault, Reactor Vesse! Hoad area,
Hot Cell, Rad waste Storage areas, experimenta) laboratories, Blanket Testing
Facility, and Administrative Offices. No inadequacies were identified.

Facility Operation Review

The facility is used primarily by MIT graduate students for a variety of neu-
tron activation experiments. The licensee continues to operate the reactor
continuouslg from 6:00 a.m. Monday unti) Friday evening using a three shirt
schedule. During the inspection the licensee performed various control rod
manipulations and demonstrated the "automatic control of reactor power and
reactivity constraints" experiment. The !icensee demonstrated various reace
tivity Timiting controls and safeguards associated with the reactivity contro)
system. The inspectors reviewed shift staffing, Control Roum logs and ci-
served the operators' performance. Reactor coolant system parameters and
system annunciators were discussed with the plant operators. Genera) condis
tions as they applied to fire prevention and radiological cleanliness were
observed. Although no discrepancies were nuted in the above areas, the in-
spector had the following comments:

fa) A review of the reactor start up and shutdown checklists was conducted
Ine inipactor noted that severa) start up checklist: were not complete
since some instrumentation was not checked. The inspector was ahle to
verify, through other documentaiicn, the exact statyu: 3¢ ine equipment.
The instrumentation in qurstion did not impact on Technical Specification
requirements. The [icensee agreed that a more thorough review of check-
1ists was necessary.

(b) The inzpector reviewed the hourly calorizetric calculation performe.! by
the operators. Additicnally, the Estimated Critica) Pesition (ECP) cal-
culations were reviewed. The October 21, 1985 and February 18, 1986 ECPs
gid not have all blarks completed. Mowever, the inspector determined
thet the bLlanks did not apply to tho<e startups. The licensee agreed
that the ECPs should be annotated to show they are cowplete.

(¢) The inspector alsc compared Technical Specification surveillance require-
ments with Oparator Logs. The OF-1 flow recorder is bypassed during
reactor start-up. The bypass is removed prior to increasing power above
a pre-set level, The inspector reviewed the Bypass Lo¢ and determined
that the operators were removing this bypass and signing for its removal,

s Tt S



but the vimes and dates were not listed. This made verification of the
reinstatement of the flow recorder ¢ifficult. The licensee agreed to
study the problem.

Other operating documentation reviewed inciuded the Job Workbook, Fuel Loading
Permission, Shutdown Margin Calculatiors, and Operators' Logs. in general

the licensee's record keeping was acceptable. The filing of data in logs was
orderly, and data were easily r:trievable.

Audits and Committees

A review of audit reports and committee activities was conducted.
a. Committess

The committee charged with the oversight of reactor safe operation is

tre Reactor Safeguards Committee. The committee meets at least once each
year and is responsible to the Administration of MIT. The committee
chairman establishes subcommittees to assist the committee in conducting
its review functions. The committee or an active subcommittee reviews
and approves all operating procedures, emergency plans, proposed modifi-
cations to the reactor, %he use of reacter related experimenta) facili-
ties and experiments, and all equipment and procedures involving the use
ef licensed radicactive material in the reactor building.

Through a review of committee activities, the inspector attempted to
ascertain that the committee reviews abnormal occurrence and unusua)l
occurrence reports, violations, categories of particular tests and ex-
perinents, Technical Specification changes, potential unreviewed safety
questions (URSQ), emergency plans and security plans.

The inspector reviewed severa) unusual occurrence reports and associated
corrective actions related to licensee experiments, logs, and emergency
plans, and determined that each was properly documented by the Safeguards
Committee. It was noted, however, that only "categories" of experiments
are reviewed by the Safeguards Committee in order to determine whether

an unreviewed safety question exists, The inspector further noted that
within a "category"”, there are experiments which have no safety analysis.
According to the {1conseo these other experiments do not require a review
by the Safeguards Committe¢ because they are considered "Class B" proce-
dures, 1.e., the, are described in the Safety Analysis Report (SAR) and
do not involve an URSQ. Instead, Class B procedures require a review

by two licensed operators and the Director of Reactor Operations to de-
termine, in part, whether a potential exists for an URSQ and consequently
whether further review is required. The bases for this determination

is not maintained. Similarly, bases are not maintained for other changes,
tests and experiments, which have previously been reviewed, and deter-
mined not to involve a potential for an URSQ



The inspector stated that 10 CFR 50.59 Paragraph (a) (1) is permissive

in that it allows the licensee to make changes to the facility and its
operation as described in the Sifety Analysis Report (SAR) without prior
approval, provided a change in Technical Specifications 1s not involved
or an "unreviewed safety question" does not exist. Paragraph (b) requires
that the licensee maintain records of changes mads under the authority

of Paragraph (a) (1). These records must include a written safety
evaluation which provides the basis for determining whether an unreviewed
safety question exists.

The inspector stated that this meant that any proposed change to a system
Or procedure, as described in the SAR, either by test or drawings should
be reviewed by the licensee to determine whether it involves an unre-
viewed safety question, and in al) cases, the safety evaluation must
provide the basis for determination that the proposed change, test or
experiment does not fnvolve an unreviewed safety question.

The inspector determined that the licensee complies with the above for
those changes, tests and experiments which have been reviewed and deter-
mined to have a potential for an URSQ, but not for those that have been
determined not to involve an URSQ, in that the bases or reasoning for
tue "sorting out” (determination of why a potential for an URSQ does not
exist) is not documented.

The licensee questioned the inspector as to what constituted "a change"
and how other licensees resolve documenting the basis for changes which
occur to system and procedures or drawings described in the SAR. The
inspector discussed various acceptable alternatives and subsequently
forwarded to the licensee the NRC Policy, Part 9800 of Inspection and
Enforcement Manual "CFR Discussions” 10 CFR 50,58,

The licensee agreed to further evaluate the requirement in light of the
provided NRC interpretation/policy. This matter is unresolved pending
the licensee's action to provide the documented bases or rational for
those changes, tests or experiments which do not involve an unreviewed
safety question (50-20/86-01-01).

Audits

Audits of facilit¥ operations are performed primarily by the Reactor
Superintendent. These audits are quite thorough and comprehensive.

However K corrective action, recommendations and implementation are
largely the responsibility of the Reactor Superintendent. The Super-
intendent completed audits of the following, during October through
December 1985:

(1
(2
(3
(4

) Reactor Console Log lnusual or Abnorma) Entries
) Changes to procedures/checklists/manuals

) Job Workbook Records

) Test and calibrations






TS No. Requirement

6.4.15 Reflectir Tank 020 Level Scram

6.2.4 Period Level Indication Off Scale Scram

6.1.4.1 Nuclear Safety System Pesponse Time i
6.1.4.2 0,0 Reflector Dump Time 3
6.1.4.4 Primary Coolant Flow Scram Time ‘

No inadequacies were identified.

Emergency Planning

The Massachusetts Institute of Technology Reactor Emergency Plan was reviewed.
Drills and lectures a~e periodically (at least annuc\l{) performed. Training
records, changeés in the plan and audits of emergency planning activities were
reviewed. The November 19, 1985 Emergency Plan Exercise consisted of MIT
Reactor Operators, Radiation Protection Personne) and MIT campus police.

Local police, hospital and fire department agreements were verified to be up-
to-date. The Emergency Plan is ~-to-date and being effectively inplemented
excep' as noted in paragraph 2, icensee Action on Previously ldentified
Items " Item 84-01-02, which remains open.

No inadeguacies were identified.
Experiments

Cxperiments performed at the MIT Reactor are varied. Currently, neutron ac-
tivation and analysis ard automatic reactivity control experiments are in
progress. Experiments are divided inta the following categories: reactor
operation ex~eriments, Beam rort exper'mants, incore experiments, thermal
column experiments and medical therapy éxperiments. The licensee uses a
"Proposec Experiment Review and Approval Form" in order to control the appro-
val process. The inspector reviewed the following experiments for approvals
and safety analysis:

== Use of Dry Ice in Pneumatic Tubes
== Sodium metal filled subassembly in the Blanket Teit Faciiity

== (Closed Loop Control of Reactor Power using Shim Bladec and Regulating
Rods sinultaneously

The use-of-dry~ice experiment and use-of-sodium experiments were not accom-
panied by safety evaluations, however, they were reviewed and approved. The
acceptability of these experiments was based on similarity to the other ex-
periments which had previously been approved and which were accumpanied by




a written safety evaluation. The inspector verified that in addition to re-

views, approvals, and safety evaluations, predicted parameters were determined

and ascertained within tolerance, irradiated items were properly controlled, |
and ‘rdividuals conducting the experiments were trained prior to using the |

facility (see Trainir,, paragraph 9.b).

No inadequacies were identified.

Training Review

Requalification lraining

A review was conducted of licensed operator training, examinations and
reactivity manipulation records. Schedules of lectures and samples of
lesson plans were also reviewed. The inspestor ascertained that required
records were maintained and that the licensee requalification training
program was current and fully implemented.

A review of the 1984 and 1985 records indicated that five senior reactor
operators had passed their requalification examinations. One reactor
operator was upgraded by virtue of passing the SRO examination. One
reactor operator's license duties were suspended by the licensee for
failure to take the requalification examination.

No inadequacies were identified

Experiments 21d Student Training

The inspector reviewed documents and discussed with various department
staff the training of individuals who conduct experiments. Persanne)
are trained in the fo)llowing areas:

== 10 CFR Part 19

== 10 CFR Part 20

== Tables from 10 CFR Parts 20 and 30

== USNRC Regulatory Guide 8.13

==  Procedures for Radiation Protection

== Facility Emergency Evaluation Procedure
==  Film Badge Classification Procedure

== Radiation Exposure Record Application
== Exclusion Area Entiy Permit

== Maximum Permissidle Dose

Each person is given approximately three diys Lo read the above material.
A one and one-half hour lecture 15 given on the same materia) followed

by 3 question/answer session to determine students' knowledge of exposure
limits and restrictions. Twenty hours of classroom instruction is pra=
vided on the use and handling precautions associated with the experi-
mental facility and equipment prior to allowing each person to work or
attend classes in the building.




10.

11

10

Retraining is given annually to persons who handle or receive radicactive
:atgrwals. This retraining includes but is not limited to the following
opics:

== Permissible Radiation Doses

== Facility Organization

=« Bioiogica) Effects of Radiation
== Facility Evacuation Plan

No inadequacies were identified.

Radiation Protection Controls

The inspector noted radiation postings and controls throughout the facility.
Radiation instruments were noted to be calibrated and source chacked regularly.
Reviews were conducted of radiation surveys, contamination surveys, exposure
records of experiments and MIT staff. (Generally, the radiation levels are
less than 5 mr/hr in most accessible areas.) Hot Cells were adequately posted
as High Radiation areas. Some small areas around the Beam Ports had higher
radiation intensities (as high as 15-25 mr/hr) whereas other areas around the
Beam Ports were 1-2 mr/hr. The inspector indicated that 10 CFR 50, Appendix

] proviger guides for maintaining dose to individuals as low as reasonably
achievable  The licensee agreed to consider placing controls/signs in or
around thrse areas where higher than normal (5 mr/hr) radiation levels could
exist to make personnel aware of the potentially higher intensities and to

aid personna) in minimizing their dose.

During review of dosimetry records and calibrations of instruments, the in-
spector determined that personnel pocket dosimeters were not being calibrated.
The inspector noted that 10 CFR 50, Appendir B requires that al) devices used
to ensure quality should be properly calibrated. The licensee provided a
quality assurance audit that previously had identified this same issue. The
licensee stated that programs would be established to calibrate al) dosimetry.
The inspector indicated that pending licensee action on the Quality Assurance
Audit, dated November 18, 1985, this ‘tem is unresolved (886-01-02).

Stored Quantities of Wigh Enriched Uranium (MEU) On Site

In accordance with NRC Inspection and Enforcement Temporary Instruction 2545/1,
the inspector esamined the Quantity, storage and controls associated with HEU
on site.

The inspector observed the new fuel vault contents te physically ascertain

what new fue! was accessible. Only one fuel element and a few miscellaneous
components totalling less than 1 kg of HEU were in the new fuel vault. Safe-
vard controls associated with the vault are described in Safeguard Inspection
eport (50-20/84-02).

Through discussions with the licensee, review of operation history, and ob-
servation of the Spent Fue! Pool, the inspector determined that the quantity
of material exempt from the licensee's inventory of accessible HEU was greater
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than 100 Rem/hr at three feet. The current inventory of accessible fue) is
of Low Strategic Significance. The current MIT po‘icy is to maintain ‘aun-
dreds" of grams of accessible MEU on site versus the "thousands" of grams
permitted, excluding the solf-protccting fuel, except just prior to fuel
transfer. This was documented in a letter to the Secretary of the Commission
from L. Clark, Oclober 19, 1984,

The licensee is currently awaiting a fue) cask from DOE in order to reduce
its inventory of spent fuel.

Exii Interview

At the conclusion of the inspection on February 28, 1986 the inspector met
with the director of the facility and reviewed the scope and findings (i.e.,
unresolved items in paragraphs 5 and 10). The inspector noted the licensee's
candor and good cooperation. At no time during this inspection was written
material provided to the licensee by the inspector.
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Docket No: 50-20 License No. R-37

Massachusetts Institute of Technology
Research Reactor
ATTN: Mr. Lincoln Clark, Jr,
Director of Reactnr Operations
138 Albany Street
Cambridge, Massachusetts 02139

Gentlemen:

Subject: Inspection Report No. 50-20/86-02

A routine, unannounced fnspection was conducted on July 21-22, 1986 by

Ms. Jean A, Cloffi of the Massachusetts Institute of Technology Research
Reactor radfation protection program. The elements ¢f the program reviewed
are described in the enclosed inspection report.

Within the scope of this inspection, no violations or deviations were observed

No reply to this letter is required. Your cooperation with us in this matter
is appreciated.

Sincerely,

Vidg-udl & cemsa 278

5? as T, m:?i%nuor

vision of Radiation Safety
and Safeguards

Enclosure: NRC Region 1 Inspection Report No. 50-20/86-02

cc w/encl:
O, 0. K. Harling, Director of the Reactor Laboratory
«Or. Alan Ducatman, Director, Environmental Medical Service
Public Document Room (PDR)
Local Public Document Room (LPOR)
Nuclear Safety Information Center (NSIC)
Aommonwealth of Massachusetts (2)
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The licensee determined that the cost-benefit ratio for all Argon
reduction work was 1n the range of $550-1100 per man=rem. These
figures compared favorably to the guidelines specified in 10 CFR 50,
Appendix I, section 11.D. Additiona) Argon reduction work took
place in 1985 (see paragraph 7.0). This item 1s considered closed.

3.2 (Closed) 86-01-02 (Iaspector Follow=up) Calibration of personne’
pocket dosimeters. The licerses initiated the calibration of their
pocket fon chambers., The cosimeters wil)l be calibrated semi-annyally
using 2 5 curfe Cestum=137 snurcea. This 1tem 1s considered cinsed.

4.0 Training and Qualificaiion of Personne!

The licensee's program for training and qualivication of personnel was
reviewed with respect to criteria contained in

10 CFR 19.12, "Instructions to Workers";
- Technica) Specification 7.10, “Radiation Protecticn Program."

The Yicensee's performance with respect to the above criteria was deter-
mined by:

- re/iew of the "Massachusetts Institute of Technology Required
Procedures for Radfation Protection,”
- discussions with licensee personne).

Wi nin the scope of this review, no violations were fdentified. The
licansee appeared to be trarv . iny and qualifying radiaction workers in
accordance with regulatory req ‘rements and Lhe conditions of their

1icense.

5.0 Implementation of the Radiation Protection Program

The Vicensee's program for controlling radioactive materials and con-
tamination, providing surveillance and monitoring, and establishing and
maintaining administrative radiological work controls was reviewed
relative to criteria and commitments in:

. 10 CFR 19.11, 19.12, 20.201, 20.203 and 20.401;

- Technica) Specification 3.8, "Radiocactive Efflvents and Radiation
Monitors",

- Technical Specification 4.3, "Reactor Control, Safety, and Radiation
Monitoring System Surveillance"; and

- Technica) Specification 7.10, “Radiation Protection Program.®

Tie licensee's performance related to the above criterfa was determined
by:

1
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facility tour on July 21, 1986 to observe work in proy:ess; postings,
signs, and labels; and radiation monitoring instrumeniation;

review of calibration records for hand and foot monitors, survey
fnstrumentation, area radiation monitors;

review of survey records for radiation, contar‘nation, ard airborne
radicactivity; and

discussions with licensee personnel,

Within the scope of Lthis review, no viclations or deviations were
fdentified. The fnspector witnessed the 11fting of the reactor heud and
noted that licensee personne) observed the proper industrial safety pre-
cavtions, and efficient contamination contro) techniques. The fnspector
also ouserved the addition of signs to remind experimenters to survey
their work arexs for possidle higher radiation intensities arcund beam
ports.

Two areas for improvement were identified for licensec attention.

The Yicensee maintained no implementing procedures for the reactor
radiation protection program. For instance, there were no procedures
for calibration of survey instruments and pocket dnsimeturs, when to
read pocket dosimeters and log the reading before re 2eroing, nor how
to resolve discrepancies between pocket dosimeters and ‘{\m Dadge
results. The Ticensee stated that due to the long employment of al)
health physics personnel, such procadures were not necessary. The
fnspe.tor stated that such procedures were necessary for the program
to be implemented consistently 1f the staff were repiaced due to
f11ness or ratirement. The licensee stated that because of the
upcoming retirement of the Reactsr Radiation Safety Officer, such
implementing procedures would be developed and established. This
ftem wil)l be reviewed in & future fnsnection (86-02-01).

The Yicensee uses a 5 curfe Cestum=137 source for their instrume:t

and pocket dosimeter calibrations. Mowever, the source 1s used n a2
room without Interlocks, warning lTights or alarming devices at the
entrances to indicate when the source 1s exposed The inspector
discussed this practice with Yicensee representatives, who stated

that al) calibrations were performed when the staff and experimenters
were not present, and the irdividual performing the calibration
remained in the vicinity to provide positive contro) over the area.
The fnspectors stated that while the controls being used met minimum
regulatory requirements, they may not be sufficient to prevent an
unplanned exposure should the Indiv gual leave the ares, or 2 cuard
fnadvertently eater the room. “ollnwing this Jdiscussion, the licensee
stated that they would: 1) set up a barrier to prevent personne)

from inadvertently wandering near the calibration ares, and 2) modify
the calibration facility with warning 1igrts, slarming devices, and/or
interlocks L0 prevent inadvertent personne! entry. Thiy ftem wi'l be
reviewed in a future inspection (86-02-02).



6.0 Interna) ard External Exposure Controls

The licensee's " ternal and external exposure control program was
reviewed agai: - ‘4aria provided in:

- 10 CFR 20.10., "z, 20.373, 20.104, 20.105, 20.201, 20.202,
20.203 and 20C.:

The licensee's perturmance relative to the criteria above was determined
by:

- a review of exposure records for 6 radiation workers;

- tour of the counting laboratory and whole body counter in
Building 20; and

discussions with licensee personnel.
Within the s. e of this review, no violations were identified. The
licensee uses Landauver film badges for dosimetry of record. Visitors
to the reactor are issued pocket dosimeters. Internal exposures are
monitored by urinaly:is and whol2 body counting.

7.0 Effluent and Environmental Monitoring

The licensee's program for monftoring 1inuid and gaseous effluents was
reviewed with respect to criterfa cuntained in:

- 10 CFR 20.106;
- Technira) Specifications 3.8, 4.3 and 7.13.5.

The licensee's performasce related to the above criteria was determined
by :

- tour and observation of contro)l room effluent radiation monitor
indicators;

- review of effluent monitor logs;

- review of the rollowing effluent monftor calibrations procedures:
¢ P.M. 6.1.3.9.1, "Water Monitor Calibration Procedure"
' P.M. 6.1.3.9.2, "Particu'ate Monitor Calibration Procedure"
¢ P.M. 6.1.3.9.3, "Caseous Monitor Calibration Procedure"

. P.M. 6.5.9.2, "Environmental Monitor Calibration Procedure"
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- review of the 1984 and 1985 Annual Reports;
- discussions with licensee personnel.

Within the scope of this review, there were no vinlations or deviations
fdentified. The licensee was calibrating al) effluent and environmental
monitors in accordance with licerise conditions. Environmental surveys
indicated that there were no inconsistencies for the monitoring periods
during 1984 and 1985, Furthermore, the licensee was able to further
reduce gaseous releases fn 1985 by additional studies of the sources
generating the Argon=41 in the reactor and by the use of an inert gas
blanket system for the reactor. In previous years, the licensee dis~
charged “J00 to 8000 Curies of Argon-4] per year. In 1985, the
Ti~ensee was able to reduce the gaseous discharge to about 4000 Curfes
for the year. (See additional information on Argon-4]1 released in
paragraph 3.0.).

Exit Interview

The inspector met with the licensee's representatives (denoted in Para-
graph 1) at the conclusion of the Inspection on July 22, 1986. The
inspector summarized the purpose and scope of the inspection and
findings as described in this report.



