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MACSACMIIBGETTE INGTITIITE AF TECHNO OAY

MEDICAL DEPARTMENT
ENVIRONMENTAL MEDICAL SERVICE

77 MASSACHUSETTS AVENUE 20R 238
CAMBRIDGE MASSACHMUSETTS 02139

February 9, 1988

" Nuclear Re¢ulatory Commission
Yngion |

31 Park Avenue

Ying »f Prussia PA 19406

Attention: Ms. Betsy Ulrich
hear Ms. tlrich:

“nclosed {s the summary report prepared by Mitch Galanek on all activities
Inynlved {n the apparent extremity over=-exposure initially reported by me on
12/3/87, Note that the operation that is most significact in this {ssue is
that favolving the rabbit studies i{n which 10 mCi of Ho-166 was injected into
the rabbit's knee. Subsequent autopsy was performed such that the wrist bhadge
128 in close proximity to the kneea., In my ini{tial report 1 stated that "the
vrist badge was often touching the knee and was between tha wrist and the
synosura seurce and may overestimate the wrist entry dose by a signlfizan=
“aetor’. This speculation anpeared to Le supported by the lower ving daige
raadings,

4 reconstruction of the source-detector-extremity geometry now convinces
48 that the actual skin entry dose to the extremity from this high-energy beta
emitter was overestimated by the wrist badge by 25 = 40%., While correction
for this overestimate in effect reduces the actual extremity exposure to
within ragulatory limits, be assured that our efforts toward reduction ol
exposures {n this operaticen and increased survaillance over this projeet wiil
not be reduced,

Tours truly,

e ’ - /"
| [’mu/- Sty
’ Frank Massé

Director of Radiation
Protecticn Programs

FXM/nl]
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.

oY
pbuoe 30608 !
2 DCD



(INTERDEPARTMENTAL)

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Medical Department, Environmental Medical Service
CAMBRIDCGE, MASSACHUSETTS 02139

To: Frencis X. Massé&, Director of Radiation Protection Programs

From: Miteh Calunek, Associate R.P:%”dbi’

Subject: Report of Radiochemist Wrist Badge Overexposure

Date: Frbruary %, 1988

During the month of Se~tember 1987, a radiochemist. received a
reported exposure to his 65 wrist badge dosimeter of 15,040 mrem
(11,730 mrem-beta) which ceaused his 3d quarter cumulative extremity
exposure to exceed the regulatory limit of 18,750 mrem. His total
reported exposure for the period was 22,910 mrem (17,380 mrem-beta).
The exposure was reported by R. S. Landauer on 10/28/87. This
notification was made by telephone. R.P.0. requested that Landsuer
reread the badge to confirm the results. FHritten notification of the
apparent badge overexposure was received by 11/05/87. Asg per
contractual agreement, Landauer reports by telephone any exposure that
exceeds the following limits:

Gl ~-deepecce-- 400 mrem

~=-shallow=~~ 2500 mrem
G5 =~-wristeeeao 6000 mrem
Ul «eringece-e- 6000 mrem
UG ~-ringeeee-s 6000 mrem

The project is involved in the development of a radiochemical
method for the treatment of rheumatoid arthritis of the knee Joint
(radiation synovectomy)., The radiochemist routinely handles
approximately 80-90 Curies per month of Dysprosium-165. Dysprosium-165
decays by beta minus with an Emax=z1.29MeV, and has a radiological
half-1ife of 2.3 hours. To overcome the disadvuntages of this short
half-life, the project has beaun to study ulternate radionuclides with
a longer half-life that will deliver the needed dose to the knee Joint
utilizing much less initial activity,

During September, the project began a 3-month study to measure the
leakage rate of Holmium-166 from the knee Joints of rabbits. Ho-166
decays by beta minuas with an Emax=zl,81MeV and has a radiological
half-life of 27 hours. The in vivo work consisted of injecting up to
10 mCi of MHo-166 into a rabbit's knee Joint and following the migration
of the activity from the joint over & 72-hour period. At 72 hours, the
rabbit is sacrificec¢ and body organs are removed and analyzed for
Ho-166 content, Sirilar experiments were performed earlier with
Dy<165. Initial dose rates above the knee Joints for both



radioisotopes were 500mrem/hr at approximately 5 centimeters. Removal
of body organs from the rabbits injected with Dy-165 was done at 18
hours after injection. The activity had cecayed through approximately
8 half-livea; therefore at the time of sacrifice and removal of body
organs, the dose rate above the knee joint was insignificant., The
removal of body argans from rabbits injected with Ho-166 was done at 72
hours. The radicieotopes had gone through only 2.6 half-lives, so
approximately 15% of the starting material was still in the knee joint.
Also, more experimental time was spent removing additional organs frorm
the Ho-166 rabbits, since it was important to study additional body
sites for radionuclide migration due to the longer half-life of Ho-166,
Although the calculated dose at 5 centimeters waa only 75.rem/hr, the
incressed time of exposure and increased dose rate at contact were not
properly considered with respect to radiation dose, and inadequate dose
measurements of the knee were made at 72 hours. Opera’ive procedures
caused the wrist badge to be in close proximity to the knee joint, at
times actually coming in contact with the knee.

On October 30, 1987, after notification of the apparent
cverexposure, R.,P.0, met with the radiochemist to discuss the reported
wrist badge exposure and to devise ways in which this important work
could safely continue. R,.P,0. monitored the continuing in vivo work in
November to complete the series of runs and thus salvoge-Tho work to
date., Plexiglass shielding was designed to shield beta exposures from
the kree joint., November exposures reflect the use of this shielding
since extremity exposure reduced from 15,040 mrem in September to 4600
mrem in November. Upon completion of these remaining, carefully
monitored experiments, no further rabbit work was done using Ho-166 and
all such spprovals were suspended.

During November, the radiochemist was allowed to continue to
process Dy-165 for use in the ongeing human treatment triasls. A total
of B0 Curies of Dy-165 was processed, Extremity doses were at levels
typical of those seen in months before September and October when the
higher doses, due to the animal work with Ho-166, were experienced (see
attached 1987 summary of exposure history.)

All work with radioactive material for this individual was halted
in early December when a second radiochemist Joined the project, This
allowed for a complete reassessment of the radioactive materials and
handling procedures used by this project, and that review plus
significant shielding retrofit was accomplished during the year-end
holidaye. Meetings between R,P.0. and the project were held almost
daily to complete this task. New localized plexiglass shields
surrounded by lead were developed to help reduce radiation exposures.
Detailed procedures covering even the smallest processing step were
developed and revised as we progressed toward a goal of maximum dose
reduction., The project resumed processing Dy-165 during January 1988
after successfully demonstrating new techniques and procedures to
R:.P.0.

The following radiation protection requirements have been implemented
with the resumption of this work:

1. Procedural changes allowing moie steps to be dane remotely.
Although more time is needed to process the sample in the hot
cell, dose reduction is assured.




6.

Use of new localized plexiglass shields surrounded by lead to
reduce beta and bremsstrahlung exposures,

Improvement in dispensing techniques utilizing more shielding
and newer tools to allow for more distance from samples.

Film and TLD dosimeters will have a weekly exchange frequency
to allow for faster turn-around times for exposure reporting,
and to allow for continued amenrZing of procedures and
shielding to continue to red.ce radistion exposures to as low
as reasonably achievable,

Future animal work will require full review by R.P.0., and
R.P.0. will observe in.tial experiments. This requirement
will be in effect wheiever changes are made in radionuclides
used, amount of activity used, or significent changes in
procedure,

Shielding will be fabricated to reduce exposures during animal
work .,

As in the past, R.P.0. and this project will continue to work closcly
together to enable the cortinued safe use of radioactive materials and
keep radiation exposure as low as reasonably achievable,

Enclosures: Month by month exposure results for radiochemists in

pruject
Chronology of R.P.0, actions on this project

Most recently developled Dy-165 processing procedures




Chronology of R.P.0. Staff Review of Authorization R-D-9

9/1/86

9/5/86

9/17/86

9/19/86
9/27/86

10/15/86

10/20/86

10/21/86

10/86

11/4/86

11/14/86

11/24/86
11/26/86
12/1/86

12/2/86
12/3/86

Radiochemist registered ss M.I.T. radiation worker. Meeting
lasted 3--3.5 hours. Discussion of proposed project and
requirement to get M.I.7. authorization.

R.P.O. met with project in NW13-243 to discuss hot cell
layout and project development. Meeting lasted

2,5--3 hours. Discussed radiation instruments needed,
shielding design, hot cell design, etc. (R.P.0. Director
prosont.?

R.P.0. observed dry run of Sledge method.
several times. (R.P.0. Director present.)

Dry run performed

R.P.0O, observed initial 1 Curie process for Sledge method.

R.P,0. met with project to review hot cell changes and
discuss ventilation and filtration requirements.

Authorization R-D-9 approved by the Radiation Protection
Committee.

R.P.0. observed dry run of Cadema method.

Project obtains 1 Curie target to make dose measurements
around hot cell. Check shielding effectiveness., R.P.O.
present.,

Many informal meetings between R,P.0, and project in
development of hot cell and review of procedures.

R.,P.0, and project met to review paperwork and discuss
transporation and licensing requirements.

R.P.0., and project met to finalize transportation and
licensing requirements.

R.P,0, observed dry run of Cadema method for Dy-165
processing. Modification made to remote manipulators,
localized shielding, and target crushing device, (R.P.O.
Director present.)

R.P.0. and project make dose rate measurements around cell
with 1 Curie of activity. Move target into various positions
as required by experimental procedure to test shielding
effectiveness and use of remote manipulstors,



12/11/86

12/23/86

1/87

1/27/87

1/27/87
through
2/5/87

10/29/86
through
3/9/87

4/22/87
to
Present

5/19/87
through
8/13/87

9/16/87
through
11/10/87

10/28/87

10/30/87

11/5/87
through
11/10/87

R.P.0. and project make dose rate measurements around hot
cell with 20 Curie target.

R.P.0. received project request to perform in vivo rabbit
experiments utilizing Dy-165. Request included detailed
protocol submitted to M.I.T., Division of Comparitive Medicine.
R.P.0., discussed proposed in vivo work with D.C.M, D.C.M.
approval (iven. R.P,0. discussed experiments with project.
Authorizalion amendment approved 1/13/87.

Project begins in vivo rabbit work.
initiel work,
performed.

R.P.0., present for
Dose rate measurements of area and rabbit are

Dy<165 rabbit work completed. R.P.O.
several times to discuss experiment. R.P.O, surveyed work
area upon completion of work., No contamination found, R,.P.O.
transported material back to project laboratory.

and project in contact

Project processed weekly 1 Curie targets using Sledge method.
Patient dones shipped to a broad medical licensee.

R.P.0, packages all shipments. R.P.O. present
intermittently as necessary.

Project processed weekly 20 Curie targets for clinical
treatment trials. R.P,O. packages all shipments from M,I.T,.
and were present during a portion of all of the work.

Project began work with Ho-166 to check such details as
particle size, filter efficiency, pyrogenicity, ete, prior to
routine in vivo rabbit studies., R.P.0., observed some
experiments, arget processing much less tedious than with
Dy-165 due to lower initial activity used.

Project performed more than 30 in vivo rabbit studies to
determine Ho-166 migration from knee joint,

R.P.0. notified by R, S, Landauer of wrist badge exposure in
excess of contractual limits for phone renorting., Wrist
badge exposure = 15,040mrem (11,730 beta).

R.P.O, met with radiochemist to discuss reported wrist
exposure., Determined Lhat large percentage of exposure due
to Ho-166 rabbit experiment, R.P.0. reviews handlirg
procedures for MHo-166 injected rabbite, Plexiglass shielding
designed to reduce beta exposure,

R.P.0. monitors final series of in vivo rabbit experiments,
Project utilizes plexiglass shielding to reduce wrist
exposures. Upon completion of study, no further in vivoe
work is allowed without review of all procedures.




12/7/87
through
1/4/88

1/6/88

1/9/88

1/12/88

Revised hand' ‘ng techniques for Dy-165 work to include
procedural changes allowing for more steps to be done
remotely, developed new localized shields to reduce beta

and bremsstrahlung exposures, improved dispensing techniques,
ete. R.P.0. and project met several times per week during
the month to complete the above.

Precject performs one monitored processing run of Dy-165 under
new procedures; 80 Curies processed for patient trials in
January,

Project reviews step-by-step procedures for Dy-~165 process,
based on observations by R.P.0. on 1/6/88.

R.P.0. observes complete runthrough of revised procedures.
(R.P.0, director present.)




October
November
December

January

February

March

April

May

June

July

August

September 1987:

October

19861
1986:
1986
1987

1987:

1987:

1987:
1987:

1987:

1987

1987

1987

November 1987:
(by phone 12/4/87 4pm)

December 1987:

January

1988

Gl

Deep Shallow

10 10

10 10

M M

s 180

(130)

70 380

(300)

90 90

50 50

40 150

(110)

70 210

(140)

100 310

(210)

100 190

(90)

70 70

50 190

(140)

4“0 160

(120)

20 20

10 10

300
180
80
1160

1330

5260

3100

190

720

1070

7720

7550

5840

120

1210

(damaged TLD)

380
70
70

1140

3060

2740

190

A80

940

9620

13340

4550

140

2640

50

800
(690)

3070
(2170)

5450
(3650)

1030

4250
(2980)

4030
(2750)

5970
(4550)

1900
(1060)

15040
(11730)

12400
(10560)

4680
(2860)

350
(230)

1600
(810)



DATE ¢ Gl U3 U4 GS
Deep Shallow

September 1987: 70 0 M M 260
(190)

October 1987: 20 70 1820 750 2000
(50) (1780)

November 1987: 50 50 2200 1820 2910
(2070)

December 1987: 20 20 4020 6950 2530
(1500)

January 1988: 10 10 780 2150 780



Calendar Quarter Totals:

DATE :
10/86--12/861
1/87--3/87:
4/87--6/87:
7/87--9/87:

10/87--12/87:

Gl

Deep Shallow

20 20

210 650
(440)

160 410
(250)

270 570
(300)

110 370

560
7750

3290

9510

13510

520
4850

2930

11500

18030

110

9320
(6510)

9310
(6730)

22910
(17380)

17430
(14200)
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1.

2

3.

4,

5.
6.

10.

11.
12.

13,

14,

,:yL

CADEMA
0 R & PKOCES

Monitor 2R transport container with GM monitor to
determine if level of reading coincide with radiation
shipping paper. 1If everything is in agreement, proceed
to transfer primary shield into hot cell. If readings
are higher than shipping paper figures, notify superv?sor.
do _not open 2R container.

Pg:ition primary container into aluminum holder on transfev
slide.

Using T-handle allen wrench, loosen three allen screws on
primary DU shield cap.

Remove allen screws with forceps and place on floor of cell,
Remove cap and set aside.

Using forceps, remove lead plug and place on corner of aluminum
holder.

With tongs in left hand, grasp ring of S.S. basket, raise
basket to allow you to grasp poly tube containing target
with forceps.

Grasp poly tube midway with tongs held in left hand.
Use forceps to open poly cap.

Crasp poly tube with forceps and lower opening of poly
tube over top of crucible and gently €lide tﬂrget into
zirconium crucible containing pre-measured 1/MHC1.

Using forceps, immediately push platform with crucible and
target intc the right side of the hot cell.

Replace S.f, basket, poly vial, lead plug and cap on DU
shield (no screws),

Using manips, transfer crucible with target onto preheated
hot plate.

While target is heating (2-3 minutes), position crusher
(using manips and rope raising device) over top of
crucible, approx. a inch.

When target solution is heated, lower crusher bell into
crucible aligning target in the center of the crucible.

.

1-9-88
Lth Draft
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age CADEMA

16.

17.

18,
19,
20,

21

22.
23.

* 24,

. 2s.

26,
27.
28,
29,
30.

J1.

32.
33,

SLP
35
36,

37.
38,

BADIOACTIVE MATERIAL TRANSFER & PROCESS

Using rope device , allow weight to free fall to break
(crush) quartz target in solution inside orucible.
Note: A few attempts may be required to break target.

Once target is crushed, raise ﬁsaembly Just above solution
and rinse with 1 to 2 ml. of 1NHC1 with remote pipet.

Position crusher in holder.
Using manip, pour dissolved target into roughing filter.

Rinse crucible with 0.5 ml., of 1NHC1 with remote pipet and
pour into rough filter, place crucible on cell floor.

Eliminate residual liquid in the syringe by use of the
syringe plunger rod.

Turn off heater.
Remove roughing filter and place in shielded holder in cell,
Measure volume in graduated cyclinder and record data.

Take 0.1 ml. assay sample with remote pipet device,touch
drop off.

Dispense into 10cc vial with premeasured 1.0 ml. of 1NHC1.
Place pipe: unit back into its holder.

Transfer sample for assay into left side of cell,

Stopper and crimp sample.

Usinf remote tool, transfer sealed sample into shield
"A" insicde cell.

Transfer to counting station, count in copper, use tongs
for transfer, assay sample, record data in bat~h record.

Return sample in shield "A" to left side of hot cell.

Transfer plexi liner "B" into right side of cell with
vent needle.

Fosition plexi "B" under filter shield unit, set
liner towards rear of shield.

Fosition new filter unit with needle (pre-wet) over sterile
vented vial in plexi shield. Use remote tool & manip.

Using manip, push down on top of 10cec syringe barrel
pushing needle into evacuated vial,

Place small funnel into top of 10cec syringe.
Recheck volume in grad. eylinder,

1-9-88
Lth Drart



CADEMA

RANIOACTIVE MATERIAL TRANSFER & PROGESS

;z;nstor bulk isotope from graduate cyclinder to 10cc final
ter.

Remove funnel and place in lead storage shield.
With remote tool, position plunger in syringe barrel,

Posivion pressure device over plurnge~ and apply steady

pressure to empty contents into vial, use manip and remote
tool.

Remove filter unit by lifting top of syringe barrel then
remove vent needle,

Transfer plexi holder with bulk to left side of cell.

With remote tool, transfer plexi shield with target into
shield "B" and cap, lock plexi into shield with lock screw.

Check handling tools for contamination.

Transfer "B" shield to pass thru, handle of shield towards
glove box, open glove box window to facilate transfer.

Adjust dispensing syringe to correct volume settings.
(Position bulk shield next to filling block)

Draw sample from "B" shield with right hand, transfer
syringe to left hand. Replace cap with right hand,

repeat for each vial.

Dispense in vial - record data.

Repeat procedure as required.

Cover each filled vial with plexi shield.

Remove bulk shield from glove box to hot cell via pass thru.
Flace remot: plexi shield in glove box.

Starting with vial # 1, with forceps, transfer to plexi
hold - turn handle to lock in place.

Add appropriate amount of NaOH via syringe & needle,
Shake vial by hold handle.

Check pH via shielded syringe and record.

Repeat step 55-58 for each vial.

When finished, dispose of pH paper in hot waste.




CADEMA

RADIOACTIVE MATERIAL TRANSFER & PROCESS

Using forceps, place cach vial into water bath and heat
for required time.

Using forceps, remove each vial from water bath and place
in plexi shield.

Vortex vial,
Check pH with shielded syringe and record.

Flace vial in "A" shield and transfer to assay station for
final asesay. After assay, place vial in primary shipping
shield,

Repeat for all vials.
Follow packaging instructions for 2R shipper.

H.P., will determine transport index and apply security
seal.,

® Denotes a key step which must be performed as instructed
requiring special attention to assure completion of the
process.

1-9-88
4th prart
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REPORT NO. 30-007 -

ATTACHMENT 2
LICENSEE AUTHORIZATION FOR DYSPROSIUM/HOLMIUM PROJECT




LAmhoﬂntion b R-D-9

Expiration Date __October 1988 P—

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
APPLICATION FOR AUTHORIZATION TO POSSESS AND USE RADIOACTIVE MATERIAL

INSTRUCTIONS: Complete Section | in triplicate and forward 1o the Radiation Protection Office. Room 208-238. When
approved, a copy of the application, with a designated Authorization number, will be returned to the Project Supervisor. To
place a purchase order, submit to your purchasing agency a purchase requisition on which is stated "Radioactive Material”
and the designated Authorization number.

SECTION |

1. ldentification of persons (a) vho will use and (b) who will supervise use of radioactive material:
(a) Name of person(s) who will use the material: (List principal user first)

Name Department M.LT. Title Room No.

Nuclear Reactor Research NW13=242
Laboratory (NRL)

Joseph Daniele i - - Research Affiliate NW13-243
Timothy Lee . = - Research Affiliate NW13-243

%) Name of person who will supervise the use of the material

Name Department M.LT. Title Room No. Tel. No.

Prof. 0.K. Harling NRL Director NW12-204 253-4201
Di. 1lhan Olmez NRL Research Scientist NW13=261 253-2995
W, Fecych NRL Supv. Reactor NW12-112 253-4205

2 Rooms where the material will be handled Utilization
(@) Matenial stored in NW13-243
(b) Material used in NW13-243
Description of material to be procured:

Amount of Actrvity | Chermical and phys«cal lorm
To be possessed’ In use per axp L of matenal 1o be procured

Commants

v

20000 mCi | 4000 mCi {pysgronium-las Ferric 'Ref. FDA Ind.
Hydroxide Macroaggreate #28,054

900 mCi 900 mCi Holmium=166 Ferric
Hydroxide Macroaggreate

5.67 mCL(7=22-381) #4244MA Sealed calib, source Sources stored
in NW13-245

"

98,2 uCl (5-26-81) #90170481A24

80co | 98.7 uCi (5-29-81) #90230481A17

‘Maximum amount 10 be possessed by project &l Any one Mg

4 Is any of the radwactive material used as a label for potentially biohazardous material, toxic chemicals, or carcinogenic/
mutagenic material? Yes ____ No _X Il answer is “yes,' explain on a supplementary page

5. To be procured from: M.1.T Reactor X_ Commercial Supplier X Other ___
8. 1ype of investigation for which the material will be used See attached sheets.




_ SEZTION W (This sectién to 5; & inplet y the Radiation Protection Office )
A. Cominents relating 10 the application:
Room NW13-243 is registered as a medium level laboratory. '

The project will possess an area monitor for the hood area where the Dy-165 target is disolved,
a portahle survey instrument for contamination control, and a portal monitor for personnel
monitoring before leaving the laboratory.

The ventillation system for NW13-243 has been equippad with an absolute filter. RPO will be
monitoring post filters to determine any release of radioactivity.

A review of the sealed source wipe test records shows no leakage from any of the sou.~es.

B. Following are the specific conditions of approval concerning work with radicactivie materials under this authorization:

1. Radioactive material transported from NW13-24F must be in an approved DOT shipping
container witn authorization from the MIT Radiation Protection Office.

2. Radioactive material will be handled using appropriate handling tools (i.e., shielded
syringe, tongs, lead transportation container) and appropriate shielding to keep
personnel exposures as low as reasonably achievable.

3. All persons involved in handling of the radioactive materials at MIT will wear both
body and wrist badgesAw® A wGa Ry pes e feen

4. A G.M, and ion chamber survey instrument must be available and operational in the
laboratory when working with the radicactive material.

S, There will be no mouth pipetting of radioactive solutions.

6. The sealed sources, which are used for calibration purposes, will be stored in a
locked, shiclded safe in NW13-245, The sources will be wipe tested every six

months by an RPO representative,
7. The authorization does not approve animal or human use studies a* MIT.

C. This apphcation is approved with the following general conditions
1.mmmmmmwummmmmmmmuwna.c.o.mn
Mmmwmwwmmmwwwdammmcm. The
nmmomuuwwmmmumdwammwmm.

z.mun.uumwmuun:mmwmmmummm(.)mumumcmm
Federal Regulations Title 10, Part 20 “Standards for Protection Against Radiation' and (b) the provisions of “M.ILT,
Required Procedures for Radiation Protection ™




 tisuation ol Londitions
Shuustivn of Londitiy

Only persons registered with RPO will he

allowed in the project laboratories during the handling
of the Dv-165 targets.

RPO will monitor the stack air discharge from NW13-243. 1f discharge concentrations approach
the Maximum Pcrmianlb!s Concentrations listed in Appendix B Part 20

(Dv=165: HPC r-9x10 uCi/ml) the project will cease work until appropriate engineering
controls are f% place.

RPO will munitor all outgoing shipments of Dyv-16%5 to ensure compliance with all DOT and MNRC

tegulations. The prolect will provide ~ertified Type A containers for the transportation
of the Dy-165,

The project will supply RPO che name of the carrier used for transportation and a copv of his
insurance coverage.



To1 Mitchell Galane Nickolas James

From:
R 1obHolmium FHMA
Date: 10/2/87

?23 arrangements are being finalized for phase II of the pre-clinical
Ho studies,

The purpose of the study is to acquire additional data to support
human clinical studies,

We will follow a similar dchedule as the one we used in June 87,

The product will be processed in Nw 13-243/45 and transferred to
Building 45 Comparative Medicine to conduct the animal studies.

The amount of radionuclide to be transferred or in possession at any
one time will not exceed 150 mei, per study day.

The proposed study dates are:

DATE DAY FROCEDURE #_RABBITS
10/22 Thur, 1,2 1
10/23 Fri. 1,2,3 5
10/26 Mon, 2,3 “
10/27 Tues., 2:) 2

The above schedule will be repeated on the following dates:
10/29. IO/IJC. 11/2. 11/3. and 11/‘/12. 11/13o 11/1'5. 11/170

KEY1 1 = Inject, 2 = Blood, 3 = Bio-dist,

All organ welighing and counting will be performed in the assigned
area. FPortable counting equipment will be supplied,

At the end of each test date the animal carcasses and removed organs
will be placed inte plasiic bags, securely closed, labeled and prepared
for freezer storage or whatever protocol is prescribed.

All the details and necessary safety precautions to be reviewed with
and approved by the Radiation Protection Commi<tee and R.P.0, before
proceeding with the 8tudy.

Investigator:, . , , A
. ; 7 .
Froject Supervis®r Approval_ “

Date: C)

cer O.K. Marling
L. Clark
J. Bernard
W. Fecyeh
I. Olmez
J. Fox
P. hll' SJKler

87.8aq






Fage 2.

All organ wolghing and counting will be performed in the assigned
area. Fortable counting equipment will be supplied,

At the end of each test date the animal carcasses and removed organs
will be placed into plastic Lage, securely closed, labeled and
prepared for freeser storage or whatever protocol is preseribed,

All the detaile and necessary safety precautions will be reviewed with

and approved by the Rndiation Protection Committee and R.P.O. before
proceeding with Lhe study,

Investigator:__

—_— . R

)
Froject Supervisor Approviis A
Dater ¢f 9—/§ 7

cetr O.K. Harling
L. Clark, Jr.
J. Bernard
W, Fecych
1. Olmez
i Fox
N, James
F. Masse




Tos Distribution
From:

Re: Status of Dysprosium Project
Date: 4/11/87 .

The final phase of the pre-clinécnl Dysprosium project will be
completed the week of April 12%h,

The completion of the pre-clinical phase will permit the project
to proceed to phase one of the clinical trials.

Cadema will be providing patient doses of 165 Dy~FHMA to our
prineiple investigators Dr. C. Sledge of Brigham & Womans Hoepital
and Dr. J. Zuckerman of Hospital for Joint D seases,

It is planned to irradiate a twenty curie target with a backup on
Wednesday's, start processing at 0730 hours and ship by 1000 hours,

The initial clinical test samples will be processed on Wednesdays,
eventually it will include Fridaye as the clinical trials expand,

The dual weekly (Wed. - Fri,) processing is not expected to begin
until June, 1987,

Arrangements have been made with commerical carriers to trancport
the material.

All appropriate state, federal and M.I.T, regulations will be i
adhered to in the transfer-ing of the material. |

April Schedule
Date Time Event
4721 (Tues,) Target prep. (2) Del. to M.I.T.R.
b/22 (Wed.,) 0730 Target Frocess

1000 Ship to H.J.D, - N.Y,

1030 Ship to B.W,H. - Boston
4/28 (Tues.) Target prep. Del. to M,I,T.R
4/29 (Wed.,) 0730 Target Frocess

1000 Ship 10 HoJoDo - NoY-

1030 Ship to B.W.H, - Beston

Flease contact me if you have any questions.




RP-05 + +T. RADIALTON PROTECTION OFFIC: Amendment Number 1
Rev. 1/84

e ————

Authorization # PR=D-9

Review and Approval of a Request-For-Amendment of an Authorization
To Possess and Use Radioactive Material

A. identification of amendment-request:

Project Supervisor's Name _ 0, Hailing Authorization # R-D-0O

B. Comments relating to review of amendment-request:
1. See cttached request letter end in vivo protocel,

2. The procedutes have been discussed with (hris Newcomer of DCM ard all ptccedures
reet with his appreval,

3. Room 45<173 is classified ar a low leve) laboratory,

.

C. Following are conditions of approval of this amendment-request:

1. Each condition of approval of the original authorization shall remalin in effect

unless specifically superseded b, ... a«¢ roval condition specified below.

r
2. This amendnent authorizes the use of up to 500 mCi of Ie”Dy FHMA in énimal

stucier at the DCM facilities in btuilding 4%.

3. The preject will label the cepes housing the injected rabbits with "Cavtion
Radicactive Materials" labels. 1he radionvclide, amcunt, dete, and person
resporsible will be entered on the labels.

&, The project will menitor the capes to ensure that the 165DV has decaved to

backgroutd before the cages sre 1eleased tc the cape washers,

5. Sacrificed rabbits will be stored frozen for radicactive decay (1 veek) and then
teleased tc DCM personnel for incineratiorn.

L
6. RPO will transport the 500 vCi of '* Dy from NW13-243 to 4%-171.

D. Signature of Reviewver MM Date
P g / /r
E. Approved by # {i“ugg Date _ /. 71'1
(For the M.I1.T. Radiation Protection Committ.e)




UNTER DEPARTMENTAL

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Medical Department, Envitonmental Medical Service
CAMBRIDOE, MASSACHUSETTS 019

To: Frank Masse'

From: Miteh Gllln.k'}hhh

Subject: Shielding of 20Ci Dy~165 Source
Date: December 12, 1986

On 12/11/86 and 1 made a series of radiation
measurements associated with the handling of a 20 C{ Dy=165 source
in NU13-243, The source was plnced unshielded {n the experimental
set-up In such a manner as to pgive us the highest possible dose
rates. During normal procedures, these dose rates would be lover
due to some localized lead shielding employed during most of the
handling procedures. The following are the resulte of our
radiation survey:

Location of Neasurement Dose rate (mr/hr)
NW13-243
Transport centainer 15 (at surface)
Inner container 50
Lead glass 15
Lead shield (Left and right of glass) 13
Lead bricks (below glass) 2
Wooden cabinets (knee high) 15
General area right of hood 5 (200 me/hr hot spot)
General room area 2
Door to NW13-24) 0.6=0.8
NW13-224
Hood face b
General room area 0.6
Corridor between NW13-224 and 226 0.3
Ceneral area left of hood 5 (20 me/hr hot spot)
NW13-226
Right side nearest NW]3-24) <0.1

Several of the abo.e measurements wvere repeated using a 600 mCH{
Dy=165 source., The following are the results of that sutvey!:



Location of Measurement Dose rate (mr/hr)

W13=-243

Lead glass 1.0

Lead shield (left and right of glass) 0.6

Lead bricks (below glass) 0.2

Ceneral room area 0.1

Ceneral area right of hood 1.0 (5.0 me/hr hot spot)
N13-224

Hood fuce 0.1

GCeneral room area 0,1

Corridor between NW13-224 and 223 <0.1

Ceneral area right of hood 0.2 (1.0 me/hr hot spot)
‘W13-226

Right side nearest NW13-24) <0.1

All measurements were made with a Feithley fon chamber survey
instrument,

¢ce. A, Ducatman
O, Harling .
1. Olmez




DX HARLING
Drecter

NUCLEAR REACTOR LABORATORY

AN INTERDEPARTMENTAL CENTER OF
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

138 Albany Stres!  Cambridge, Mass 02139 L CLARK Jm
(B17) 253 Director of Reastor Operations
To: Mitch Calanek
From! -
RE: ‘650y-0ylpr001un FHMA Ferrie Hydroxide Macroaggregate

Date: 12/23/86

1 am requesting that the Nuclear Neactor quoruto;,s(NlL) license be
amnended to allow the transfer and possession of Dy from
NW13-243/245 to Building 45, Division of Comparative Medicine.

The amount of radlonuclide to be Lransferred or in possession at any
one time will not exceed 500 mcl. per study day.

The purpose of the study is to compare the BWH ‘ssDy FHMA process to
the Cadema process. Leakage of radioactivity from the injected Joint
will be monitored over an 18 hour period post injection. The test
animals will be sacrificed after 18 hours for blodistribution.

The amount of “30y to be injected per rabbit 1is 50 mei. per 0.1 -
0.2 ce.

Bloods will be drawn and counted at 0,1,3,5 and 18 hours.

The proposed stud; dates are:

Date Day Prucedure ? Rabbits
L /8 Thur. 58 5
1/9 Fri, 2,3 5
1715 Thur. 1,2 5
1 16 Fri. 2,3 5
1/21 Wed. 2] 5
1/22 Thur. 1,2 5
1723 Fri. 2,3 5

l = Injection, 2 = Blood, 3} = Bio-dist.




NUCLEAR REACTOR LABORATORY

AN INTERDEPARTMENTAL CENTER OF
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

O K MARLING 138 Altany Streer Cambridge Mass 02139 L CLasy
Pyt t 1. Direst.

ALl organ weighing and counting will be performed in the assigned
area. Portable counting equipment will be supplied.

At the end of each test date the animal carcasses and removed organs
will be placed into plastic bags, securely closed, labeled and
prepared for freezer storage or whatever protocol is prescribed.

All the details and necessary safety precautions will be reviewed with

and approved by the Radiation Protection Committce and R.P.O. before
proceeding with the study.

Investigator: _ . - il s

—" ) :7 / .
Project Supervisor Approval: _ /g < oy

Date: (2022 /5 ¢

— - ——— -

cet O. K. Harling
L. Clark, Jr.
J. Bernard
W. Fecych
I. Olmez
J. Fox
C. Newcomer
F. Masse



Massachusetts Institu.e of lechnology
COMMITIEE ON ANIMAL CARE

PROTOCOL REVIEW FORM

LEASE TYPE OR PRINT CLEARLY

Protocol Number

Date Submitted

f

USDA Pain Category __

Date DCM Approved . | |
Date CAC Approved ../ =

/

———————————

(For office use only)

I GENERAL INFORMATION

DATESUBMITTED: __ 12 /23 86

A PRINCIPAL INVESTIGATOR NAME: _ — DEPT r Bgactor_l;,gpg‘
8 OFFICEEXT Q099 LABEXT _____ wonr PIONE NO.IN CASE OF EMERGENCY:

C ONIR PERSONNEL INVOLVID . Sonya Shortkroff .
DT OF PROPOSAL: ,,A_§Dy_~_m{aprouium =_FHMA - -

E AGEXCY FUNDING THIS PROJECT. . Cadema 9 B

b PERIOD OF TIME 10 BE COVIRED BY GRANT: tROM: __ [ ¢ TO: (1

WRITE A BRIEF DESCRIPTION () PURPOSE () SIUDY
mA"‘mal'g. gglw'n”e' :ar '.L"}'.Gi'?.ci1*’«4"&&:‘;"\'111 be injected into the
ynovium of the rabbits knee joint, Leakage of radioactivity from the
njected joint will be monitored in the course of the study over an 18 hour
ime period. At the end of the 18 hour period the test animal will be
acrificed with biodistribution to follow,

PLEASE NO L ASUBSTANTIAL CHANGE IN PROTOCOL, AN INCREASE IN THE NUMBER

OF ANIMALS USED OR A ¢ HANGE IN THE ANIMAL SPECIES USED, WiLL
NECESSITATE THAT THIS FORM BE RESUBMITTED.

W SPECIES INFORMATION

A ANIMAL SPECIES 17) BE USED » Rabbit , estm——
B ESTIMATED NUMBER OF ANIMALS OF FACH SPLcns
1O RE USED IN THIS STUDY s 20 [ ¢ e d
1O BE HOUSED PER DAY R i N e E d
< CHECK FOR EACH SPECITS WHEN APPLICARI T
A b ¢ 4 RATIHONALE FOR USE O} ANIMALS
& — — . Swdiesinvohve analysss of a process/ mechanism that cannot be
reconstructed in viiro
x., - e e Studies cannot or should not be undertaken in humans
e e Other, explain A — = N
2 APPROPRIATENESS OF 1 ME SPECIES:
X e Demonst: ated smdanty of the process under study 1o that in humans
X e LOtge amount of relevant data already has bewn derived from species
X . . Manipulations required for the FXpeniment (e.g., surgery) require an animal greater than 2 K& . invize

e e Other, explain

3 NUMBERS UNED
X . _ _ Te establish statstical significance of caperimental results
& . Tosbun tuflicient { ‘ological materials 1o permit the studies proposed
w  am w Onher, explain .




LUWRITE A BRIEF DESCRIPTION OF THE PROTOCOL (Inciude any particular husbandry requirements,
such as special diet or housing )

Rabbits fasted 24 hows prior to the test, Five (5) rabbits will be

partically anesthetized and injected intra-articuwarly with the D_y165

FHMA drug. Blood samples will be taken 0,1,3,5 and 18 hours post in-
ection, Test animals will be held in isclation during this time frame,
he 1imals will be sacrificed at 18 hours by I.V. in ection, opened up

and organs removed for biodistribution of radicactivity. Organ assessment

will include right and left inguinal fat, popliteal node, kidneys, right
hepatic lobe o/ the liver, urine and feces specimen,

All organ weighing and radioactivity counting og same will be performed

in the assigned necropsy room. Fortable counting equipment will be
supplied.

At the end of each test date, the animal carcasses and removed organs
will be placed into plastic bags, securely closed, labeled and prepared
for freczer storage or whatever protocol is in effect for handling same.

All necessary precautions will be used in the exercise of this test to
minimize and control contamination,




rr-- S R AR, R——

l —

I N LESTIONS ER., ibo-

| SPECAL QUES SE,}’Rib z Nugu Dbb'f%”ﬁog" cats, rats, pigs, monkeys, rabbits
A, ‘hmme\amtmt:mbu\}gl{gns»’mdm mm‘hﬁﬂi’n’muém&ﬁ%’ R,bblt.' mj’ce' dogg

Prncipal im estigator: __Angenics- cows =

Associate investigator(s) Br lﬁh._‘l & Womens HOMIMW:ts -l

Technicianis)

Studentis) - B s
B Are any animal restraint devices used in this project? YESK . NO_

M *yes”, what wg and dm.non’ -_HOldln‘ Stock_._tu_uunin_nnun‘_____

C. Iy surgery 1o be performed? e YES—. NoX
Is any other manipulation to be performed which would ke 1o pain of other discomfon
which alters well being? YES.. NoX_

(I the answer 10 either of these is “yes”, complete Surgical Report/ lnvasi ¢ Procedures section, pages 4 and §)
Is more than one survival surgical procedure proposed for any animal in this study? YES.. NoX

i “yes”, provide yustification for multiple survival surgery

D How will the alumal be euthanatized” 1.V, with Phenobarbital

E  Are radionuchides 1o be used’ YESX . No__
I *yes”" indicare Radiation Protection Office approval

F. Are bohazards involved in this study? YES. . ok
I "ves”, dare of Commuttee on Assessment of Biohazards approval

G Wil any aspect of the animal expernimentation w ths study he condueted 8t another nstution? YES...  ~oX
Describe the facility and the nature and duration of this activity
i
H.  Signature of Principal investigator: .+ . < y N - 42 -c“"_
» dare




. SURGIC YU REPORT/INVASIVE PROCEDURF

5 (this turm must be completed if answer to V-C is “yes")

GENERAL INFORMATION .

A INDIVIDUALLS) RESPONSIBLE FOR SURGERY & 1'OSTOPERATIVE CARE: SRS SRR N

B LABENT 2099 HOME PHONE NO IN ( AN OF EMERGENCY. .. — = -

€. CHECK LETTER CORRESPONDING TO SPECIES USI D) L __a R, — € —
CEXPERIMENTAL DESIGN

A PREANESTHETICS RN 1A

B ANESTHENC AGENTS) ___Acepromazine - Ketamine

C  DOSAGE 0.1 - 0,2¢cc

D FREQUENCY OF DOSAGE (e g . daily, mHY _Day of injection of isotope

. ROUTE OF ADMINISTRATION M, 4

L SURGICAL PROCEDURE: (Please provide detailed information and attach additional pages if nec.ssary.)

NONE

(continued on page $)




SURGICAL LEPC™ "/INVASIVE PROCEDURES (continuer

VIl SURGICAL PROCEDURE  (continued )
‘N/A

TN e : : V8 ) Uty e s 1444

IX. POSTOPERATIVE CARE:

N/A

X DESCRIBE THE DAILY CARE AND MAINTENANCE PROCEDURES OF SURGICALLY IMPLANTED DEVICES:

N/A

AL DESCRIBE ANY NONSURGICAL PROCEDURES THAT ARE PAINFUL OR STRESSFUL TO THE ANIMALS:

None




A

1¥. ADDITIONAL COMMENTS

Rabbits will be anesthetized I.M. with Acepromazine/Ketamine




45,

M sachusctis fisitute of 1echnology
DI SION OF COMPARATIVE MEé‘ClN’
o« 17 Vassar Strect « Cambrid

(617) 253170 or -171

x.. MA 021,

No. 87. 2305

REQUEST FOR LABORATORY ANIMAL PURCHASE AND CARE

‘ROJLCT

fuklie  165py.pysprosium - PHMA > L
Imestgaror Authrized Pernonggly e Shortkrof s
Tekphone * ¢ 4.2099 Rootd 13.222 PP fluelear Reactor Labe

[OBE CONMPLETLD BY REQUISITION

LR

A1 Will radiosatopes be used? " ED s Hazardous Precaunons
I yes, Raduation Protection Office Ne Yot Required
Au.hn'!'l'nlﬂ L

3 Wil any hiohassrdous M
agent e uued (Chemicals. B e [ ver Biolog .|
Carcinoyens tnui substances, Shoicst
ifectious agemts, eic ) Carewnogenn

P o Radinuctive

2OWill e surpic sl procedure . Othert*
be portormed? [D No D Yes!

4o Numher of anunal used where no pam, & ﬂ"*‘ Proveciine
dutress or use of pain relieving Clothing
drugs are inohed P — \

Pone
4b Numhcr of ammals im olving pain o Mask
distress where appropriate anesihetic Gloves
anaigesic or trangushizer will be uscd . —_.ZL Labh Com
4¢ Number of anmais mvolving pam or Footwear
disticss without use of approprate Head Gear
anestheti analgesic, of tranguilier ** A — Other®®
Bl 1 Speoes 2 Stran 1 Sex 4 Age § Weight 8 Quantiy 7 bst Sty
Rabbit White | M or F 2 Kg S/Study |42 Mrs./Stud
B Oaher speciti ations
9 Specal reguirementy 10 LS o

for ammal ¢ g d‘xl ngld ‘92! 2“ ﬁrs Jre & Yos on - jL:Jtuy
H

Y 1/15,16-1/20,21-1/22

E.‘\ evedor

Childrens Hospital

» It ven complete DOM fornus), of mot previously subimitied for this projeet of f modification of procedure reuics new form
& Attach brwef explanation

EQUEST AND FINANCIAL APPROVAL
Authorzed Ap.ot vgnature) 1ate
Administratooe Oicer gnature) Dare
Purchase Accoun 2 Care Accoumt 8 Expiration

: Dus
OBECONMPLETED BY DOAM
Y TR —— b Other

\
[ T 4 Approval
(o .xm', M) Dare
P (arc ha 6 Purchasing
I Date conliney § Charge A
7. Debit Acet 8

with Vendor § W

2lan 8 Credit Acct 8
Shipping § — 11449 140
3 Debivery date LAY
Processing § . '\m
4 laitoo Towal § - 10 C omments
WHITE  DONCOPY CCANARY  ANIMAL FACTITIES MANALL R

PINK

AMUCOUNTING COPY | G D)

IFPARTMENT oy




7. " Principal procedures involved in ' se of the material: Include

tion control, such as: evaporation, . anster of powder, etc.

N Exhaust
Nu- Activity Room
63p 20000 13243 Yes See attached sheets,
’“—l r_m " "
: - No

" "

aads

" "

If tem 7 is continued on a supplementary page, check here

L) ﬂ.llﬂ!‘ﬁﬂnlﬂhntC#Icllﬂ.dllﬁﬂmﬂmiﬂlﬁulnﬂlh.Ll.diOCOﬂﬁultﬂtﬂnilﬂdi‘.ﬂﬂi'l‘.ﬁu\OIiﬂll‘Jm
item 8 is continued on a supplementary page check here )

X Glove-box

i . Tume hood

& Shielding

~X Handiing tongs

X Shwelded storage contaner
& Radiation signs and labels

9 Radwactive waste disposal
Type of Waste
Sohd

Liqud

Sontilation Flug

Animal tssue
Special waste*

X Transportation container — Scintillation-Survey Meter

_X Protective gloves X GM Survey Meter

X Lab-coat _X lonchamber Survey Meter

. Shoe covers & Dosimeter

_X Yon W Body X_

x — X Baoges Wrist X
Finger X

Method of Disposal
into RPO collection container in room # _ NW13-249

Into APO collection container in room # _NW13-249
Into sink of room #

Into RPO collection container in room #

To be stored (for RPO collection) in freezer in room
Describe on attached sheet (chack)

‘Waste in form of gas. pyrophoric of pathogenic material are o be

considered special wastes

10 Name of person compileting tems 1 through 9 .
" lhnu!qulwufillﬂwﬂ(.'N.UN$-——:ZEjigfszz:Igi;’ °"-l2?£h1¢£t£“‘
Prof. O.K, Harlin

Project Supervisor s name (Please Print)

procedures imp:  ide We caréideration of contamina.,

.




1. In acdition the lolowing standard ©  ions of approval are smphasized: 5
/NMW'WMNMMbMW{MWVW)W!W
L mmmwmmmamm«w).mwuwmmmwumnm‘

E{mvmuﬂnmmummmm.nmummummn
purchased. it will be put into solution in the original shipping container.

Q/“M“MMMHWMMWN'MWW“WMHIMM”
approved for work with radioactive material

' [3/ MMMdrmmuwmmmmmmuWCm
properly completed “Caution Radioactive Material” sign or label.

mmwummmwmmmmmm
& through corridors.

There will be no mouth pipetting of radioactive solutions.

Mnmwumuhmwmmmmmmmomwwy
am.Amumwwuwmmwom\m.m.m.mmmn
appropriate RPO forms.

mmwmwummummmumhdm

Juhmmtmi)omuh emifiers are being handled (purchase of 1 mCi or more of stock solution
mmm;MnmwmmwuurmMmmmAhweheuum
mmwmwumn.voo.cnhmu.mmmnmmmm
wCl timit.

mﬂmthMrmwhmumhmmwm If repairs or calibrations are
m.mmwmmmnuwmm.mwwmmmu
shx-month intervals.

uwammmwmmmmmumowmmummwmwu
L) packaged in accorance with RPO regulations

Wammmwmmwuwmmmmmmvmm
() attached to each package

E. Signature of Reviewsr “ Date __2/2/R
F 4
Approved by / p&,g( 10/ / Date 0 [ :r/l?

For M| T Radation Protection Commimee
F Termination of this authorization

1. Work with radioactive material terminated (date)

2 Dwsposttion of
Radoactive matenal
Waste contaners - e
Survey meter(s)

3 Residual Contamnation
Hood(s)
Sink(s)
Laboratory surtaces -

4 Lab area checked out by
§ Approved for “terminated fe "

g g




REPORT NO. 030-00763/88-C01

ATTACHMENT 3
DOSES MEASURED BY WRIST AND FINGER RING DOSIMETERS




REPORT NO. ~0076 -

ATTACHMENT 3
ASUR \ T AND FINGER R ' TER
INDIVIDUAL A
Finger Ring Dosimeter
Right
Wrist Right Left
1987 (mrem) (mrem) (mrem)
January 800 “ 1,160
February 3,070 1,140 1,330
March 5,470 3,060 5,260
Apri) 1,030 2,740 3,100
May 4,25 ' .
June 4,030 190 190
July 5,970 880 720
August 1,900 940 1,070
September 15,040 9,680 7,720
October 12,400 13,340 7,550
November 4,680 4,550 5,840
December 350 140 120
1988 (Monthly totals of weekly dosimeters)
Janvary 1,600 2,800 1,080
February 1,010 3,100 830+
March 880 2,060 700*
QUARTERLY COSES MEASURED BY WRIST AND FINGEP RING DOSIMETERS
Right Right Left
wrist Ring Ring
First Quarter, 1987 9,340 4,200 7,750
Second Quarter, 1987 9,310 2,930* 3,290
Third Quarter, 1987 22,910 11,500 9,510
Fourth Quarter, 1987 17,430 18,030 13,510
First Quarter, 1988 1,490 7,960* 2,580*

Al) doses are in mrem.

*Indicates that dosimetry data fs missing for this time period.




REPORT NO. 30-00763/88-001

MEASUREMENTS OF MOCKUP OF INCIDENT




REPORT NO. 30-00763/88-001

ATTACHMENT 4
MEASUREMENTS OF MOCKUP OF EXPOSURE

The licensee used a phosphorous=32 source on a planchet covered by plastic to
simulate the rabbit knee injected with the holmium=166. These fsotopes have
similar vnergy beta particles emitted during decay. (1.8 MeV maximum energy

for holmium=166 and 1.7 MeV maximum energy for phosphorous=32.) The licensee
measured the count rate with a Ludium model 44-3 scintillation counter on contact
with the plastic which.simulated the rabbit's knee and at a distance equal to

the thickness of the wrist film badge. In addition, the count rate at three
fnches was also measured. The NRC inspectors observed these measurements on
April 21, 1988. The counts were measured on a scaler after a ten=second count,

Relative

Location Count Count Rate
B 14,456 1.00
8 9,536 0.66
¢ 1,728 0.12

A: Simylated surface of rabbit knee
B: Simulated location of wrist at distance of thickness of wrist badge
C: Three inches from simulated rabbit knee




STATES ‘
NUCLEAR REGULATORY COMMISSION
REGION |

478 ALLENDALE ROAD '
OF PRUSSIA, PENNEYLVANIA 1heoe

Paaet

JUL 18 1988

Docket No. 50-20

Massachusetts Institute of Technology
ATIN: Dr. John Bernard

Director of Reactor Operations
138 Albany Street
Cambridge, Massachusetts 02139

Gentlemen:
Subject: NRC Regfon I Inspection Report No. 50-20/88-02

This refers to the routine safety inspection conducted by Messrs. F. Crescenzo
and T. Kim of this office on June 20-23, 1988, of activities authorized by NRC
License No. R-37 and to the discussions of our findings held by Mr. Crescenzo
with Mr. Bernard and members of your staff at the conclusion of the fnspection.

Areas examined during this inspection are described in the NRC Region I Inspec~
tion Report which 1s enclosed with this letter. Within these areas, the
fnspection consisted of selective examinations of procedures and representative
records, interviews with personnel, and observations by the inspectors.

Within the scope of this inspection, no violations were observed.
No reply to this letter fs required. Your cooperation with us in this matter
fs appreciated,

Sincerely,

THogs
2/ 'zab—*
ames T. Wiggin hief

~“Reactor Projects Branch No. 3
Division of Reactor Projects

Enclosyre:
NRC Region ! Inspection Report No, 50-20/88-02

_l.‘"- ﬂ//q




v

A ' JUL 18 W,I"

Massachusetts Institute of Technology 2

cc w/enc):

Dr. 0. K. Harling, Director of the Reactor Laboratory
Public Document (POR)

Local Public Document Room ELPOR)

Nuclear Safety Information Center (NSIC)

Commonwealth of Massachusetts (2)

bee w/enc):

Region I Docket Room (with concurrences)
Management Assistant, DRMA (w/o0 encl)

J. Wiggins, ORP

R. Blough, DRP

, Haverkamp, DRP
i‘ flein
"“Barkley, DR

M. Kohl, DRP
T. Kim, Rl = Pilgrim
F. Crescenzo, S% = Shoreham
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U. S. NUCLEAR REGULATORY COMMISSION
REGION 1

Report No.: 88-02
Docket No.: $0-20
Liceise No.: R-37

Licensee: ch nsti f Technol
n
r h

Facility Name: MIT Nuclear Laboratories
Tnspection At: Cambridge, Massachuset s

Inspection Conducted: ne 20~

Inspectors: F. Crescenzo, Senior Resident Inspector = Shoreham
T. Kim, Resident Inspecton = Pilgrim

Qs
Approved by: -“W
. Kanay ough,

®
Reactor Projects Section/No. 38
Division of Reactor Projects

Summary: Inspection on June 20-23, 1988 (Report N¢. 50-20/88-0:)

Ar*!! ’nsFQStgd: A routine unannounced on-site inspection of licensee active
ties inc n,: Action taken on Previous Inspection Findings, Facility Opera-
tions, Requalification Training, Surveillance, Experiments, Logs and Records,
Procedures, Refueling Activities, and Review and Audit Functions. The inspec~

tors also conducted tours of the facility and performed observations of control
room and reactor floor activities.

1ts: No violations were identified. Two minor concerns were identified.

concern regarded general housekeeping of the facility and the other re-
garded a recent personnel change at the facility. The faci)ity appears to be
in conformance with applicable requirements.

FIOYOLLITE j5{,*’-




QETAILS

Key Person nta

-
Om»=r-o

. Bernard, Director of Reactor Operations

Clark Jr., Director of Reactor Uperations retired)

. Kwok, Superintendent, MIT Research Reactor Operations and Maintenance
. McWilltams, MIT Reactor Radfation Protection Officer

. Marling, Director, MIT Nuclear Reactor Laboratory

*Denotes those persannel present at the exit interview.
Previ n tion

(Closed) Unresolved Item (86-01-01). This item identified a concern that
the licensee was not adequately documenting the basts for changes made to
the facility as required by 10 CFR 50.59. Specifically, the )icensee had
defined a category of facility changes, “"Category B", which involved sys-
tems or procedures described in the Safety Analysis Report (SAR) but diu
not involve Unreviewed Safety Questions (URSQ). 1In some finstances Cate-
gory B clanges were made and Safety Reviews were performed, but documenta~
tion to support the determination that no URSQ existed was not maintained.
Since identification of this concern to the licensee, all Category B
changes are accompanied by a documentation package which fncludes an URSQ
determination. The fnspector reviewed several selected documentation
packages for Category B changes which were completed since identification
of the concern. All were found to contain safety reviews which provided
ddequaie documentation to support the licensee's determination that nmo
URSQ existed. The inspector noted that although proper documentation was
available to support USRQ determinations, the licensee had not changed the
adminfstrative procedures to reflect this new requirement. This concern
was Drought to the attention of the facility Superintendent. The Super-
intendent agreed with the inspector's concern and procedure PM 1. 4.5,
“Safety Review" was coanged effective June 22, 1988 to reflest that all
Safety Reviews must contain documentation to support the determination of
URSQ or lack thereof. The inspector had no further questions. This ftem
1s closed.

(Closed) Unresolved Item (86-01-02). This item addressed a concern that
personne]l pocket dosimeters were not being calibrated. The licensee's
interna) Quality Assurance Audit had also fdentified the same concern.
Currently, the licensee has a program to calibrate personnel pocket
dosimeters on a quarterly basis using 4 radium standard at the Nationa)
Bureau of Standards. Review of dosimetry records and calibration of
instruments indicated that the program was implemented 1in March, 1986,
The fnspector had no further questions. This ftem s closed.



(Update) Violation (87-03-01). D\mn, 4 previous inspection conducted
during December, 1987, a violation of NRC requirements was identified
concerning the posting of airborne radfoactivity areas within the Equip~
ment Room of the facility. During tours of the fact1ity conducted 1n con-
Junction with this fnspection, the fnspector noted that a "Ciutfon: Afr=
borne Radioactivity Area" sign had been properly posted at the entrance to
the Equipment Room. This ftem will remain open pending further specialist
inspector review,

Facility Tours

The finspector arrived at the faci)ity on June 20, 1988 and conducted a
meeting with the Director of Reactor socrations and the facility Superin

tendent regarding the scope and purpose of the inspection. A tour of the
facility was conducted shortly thereafter during which genera) observa-
tions of security, health physics controls, and househeeping were con-
ducted. The inspector noted the above areas of observation to be adequate
with the exception that general housekeeping of certain areas was poor.
This was particularly evident in the Equipment Room where 1t was noted
that several radiocactive sample bottles and other samp)ing apparatus were
left astray near the sampls statfon. No violations of regulatory require-
ments were noted but 1t was suggested by the inspector that housekeeping
be improved. Additional tours of the facility were made during subsequent
days of the inspection. No inadequacies were noted.

Facilfty Operations Review

The facility 1s used primarily by the MIT faculty and the reactor staff
to perform a4 wide variety of experiments. The reactor is reutinely oper-
ated continvously from 8:00 a.m. Monday through Friday on 4 three shift
schedule. During the inspection, the facility was in a stx~day mainten~
ance/modification period and as such, no critica) operations of the facil-
fty were observed by the fnspector. The inspector witnessed maintenance
activities involving corrosion removal and repainting of the upper shield
access ring. The activity was directed by a licensed operator and the
health physics practices appeared adequate. The inspector reviewed train-
Ing records and logs for heavy equipment handling associated with 1ifting
the reactor 11d and upper shield access ring. The fnspectir also reviewed
the inspection records on the containment crane for 1980-1987. The con-
tainment crane Vs equipped with a 20~ton main hoist and a 3-ton auxiliary
hoist. Annual fnspection of the crane is performed by Northeastern Elec
tric Co. No discrepancies were noted.



The 1inspectors {ndependently observed control room activities end held
discussfons with the operators. Shift sta’fing requirements were met and
activities in the control room were observed to be conducted in a respon-
sible and professional manner. The fnspector walked down the contrel room
panels and boards with the on-shift operators. The operators appeared to
be knowledgeable of the plant conditions and system operability status.
The control room log, maintenance logs (including tagouts), on-the-job
training log, and survefllance logs were reviewed and no discrepancies
were noted. The control room operating procedures, technical specifica-
tions, emergency plan procedures, and startup reactivity graphs were of
the latest revision and were readily available to the control room staff.

The facility organization, as described in the Technical Spectfications,
was reviewed. It wes noted that the Director of Reactor Operations had
recently retired (June 1, 1988) and had subsequently been replaced by the
former facility Superintendent. The Superintendent position was then
filled by the former Assistant Superintendent leaving that position
vacant. The Assistant Superintendent position {s not required by the
facility Technica) Specifications. The inspector noted that although the
licensee had appropriately notified the NRC of the above personnel changes
effective June 1, 1988, transition of responsibilities agpearea incom=
plete. On one occasion, a question rafsed by the inspector regarding the
tracking oi 10CFRS0.59 issues had to be referred to the retired Director
of Operations. Also, the physical transition of personne) within appro=
priate office spaces had not been completed. The inspestor characterized
this concern as minor but urged the licensee to complete the transition in
d timely manner. No other concerns were identified and the licensee
appears to maintain an adeguately staffed factlity,

The inspector reviewed details relating to the most recent Reportable
Occurrences which occurred at the facility. These were 50-20/1987-2,
“Improper Reactor Reshim Causing an Excessive Power Rise." dated
November 19, 1987 and 50-20/1988-1, "Detection of an Incipient Fue! Ele=
ment Failure " datag May 26, 1988. The inspector discussed the details of
each report with the facility Superintendent. No fnadequacies were iden~
tified. The fnspector had no further questions.

Technical Specification Surveillance Review

The finspector reviewed the following surveillance test procedures and
records to verify that requirements specified In the Technica) Specifica~
tions were met .



T. 5. No.

6.1.1 Emergency Cooling System

6.1.2 Contatnment Tests

6.1.2.1 Contyinment Building Pressure Test
6.1.2.3 New/Repaired Penetraticn Leak Test
6.1.2.% Charcoal Filter Efficiency Test
6.3.4 Fan Interlocks and Alarms

6.59.1 Area Radiztion Monitor Calibration

The licensee performed the annual integrated containment 'syk rate (st
(6.1.2.1) on April 14-15, 1988. Two tests were conducted with different
configurations. The first configuration measured the leakage through the
auxiliary dampers, inner main personnel and truck lock doors, and inner
basement personrel door. The butlding was pressurized "2 50 inches of
water and data was taken every 30 minutes for 8 hours. The second test
was conducted with change over of dampers and afrlocks. The second test
fatled to meet the acceptance criteria due to excessive Teakage through
the outer truck lock expansion joint. The )icensee re-performed the test
with the inner truck lock door closed. The results were within the
dcceptance criterfa. The licensee stated that they are planning to repair
the outer truck lock door in the Fall of 1988. Currently the inner truck
lock deor 1s tagged out of serv'~e preventing inadvertent opening of the
door.

Local Teak rate testing fs only required between intigral tests when new
penetrations are made or repairs of existing penetrations are necessary.
Three penetrations were repaired and tested since 1982 and the test
results Indicated measured leakage wel) below specified acceptance
criteria.

The inspector had no further questions.

]:gorinonts

Experiments at the MIT Reactor appear to fall under two broad categories.
The first involves routine frradiation of varfous materfals via beam
ports, incore apparatus, and the therma) colunn. Included in this cate~
gory are experiments which are designed to study atomic particles. The
experiments are performed on & routine basis and are requested by both the
MIT Nuclear Labora.ory staff and other organizations not affiliated with
the laboratory or with MIT. The inspector reviewed documentation asso-
clated with several of these type experiments and verified that reviews,
approvals, and safety evaluations were properly conducted and documented
In accordance with facility procedures. Predicted experiment parameters




were compared with actual parameters and found to be within tolerance and
training of experimenters was adequate. The finspector also verified that
by-product materials were properly dispositioned 1n accordance with
10 CFR 30 requirements. The majority of the experiments involved exempt
quariities or concentrations of by=product materfals;, however, in those
fnstances which involved larger quantities or concentrations, the licensee
was found to be 1n compliance with transfer requirements where applicable.

The second category of experiments fnvolve laroer, more complicated,
research oriented projects. Currently there are ' .e such experiments
in progress or being planned for use at the facil' ,. The first involves
medical therapy use of the facility to treat human brain cancers (BNCT).
The facility was orfginally designed with this experiment in wind and
similar experiments were conducted with little success during the 1960's.
Recent successes with this therapy at other facilities has rekindled
fnterest and currently the licensee is in the preparation/planning stages
of this experiment. The inspector did not review documentation relating
to this experiment. The second major experiment {nvolves automatic
digital control of the reactor reacti.vity control systems. This experi=
ment has been on-going and required a license amendment which was approved
in 1985. The inspector verified that the licensee's activities relating
to this experiment were in compliance with Technical Specifications. The
inspector also reviewed, in detail, the approva) package and safety review
for one portion of the experiment which provided automatic digital contro!
cf a reactor shim blade. No {nadequacies were fidentified. The last
experiment of this category involves the simulation of commercial nuclear
facility operating loops to develop strategies to minimize cccupational
radfation exposure resulting from maintenance activities. This wil)
involve operation of a scale model loop within the reactor core region
while operating, and its subsequent remova) and dissection, Although the
physical size of the loop will be scaled down, pressures, temperatures and
flow velocity will be equal to that of the loop being simulated. The
licensee is close to approving the fnstallation of the first experiment of
this type which will simulate a Westinghouse Pressurized Water Reactor
Chemistry loop (PCCL). The licensee has determined that this experiment
does not involve an URSQ or require a Technical Specification change. The
licensee further fntends to submit a description of the experiment to the
NRC per 1OCFRSO.59 prior to its fnsta)latfon rather than wait to fnclude
ft fn the annual report to the NRC. The {inspector reviewed the safety
analysis for this experiment and found 1t to be cesigned within the
boundaries of the Technical Specifications with the following exception:

MIT Technical Specificatfon 6.1.3 requires that experiment materials
placed in the core region which cou'd react to cause a pressure spike be
encapsulated wichin a capsule prototype tested to 2 times the maximum
expected pressure spike. The maximum pressure resulting from a rupture of
the PCCL 1s calculated to be 485 psi. The aluminum thimble which will be
used to encapsulate the PCCL was described in the Safety Analysfs as hay-
ing a "Proof Pressure" of 750 psi which 1s significantly lower than the
required 970 pst.



This concern was identified to facility management. Although this specif-
fcatfon 1s included 1n a section of the Technical Specifications invoiving
chemical effects of experiments, the licensee agreed with the inspector's
position that this specification should also be applied to direct mechan-
fcal effects. The licensee agreed to re-address this fssue prior to final
approval of the experiment. This ftem is unresolved pending final licen-
see disposition (88-02-01). No other fnadequacies were identified.

Review of Refueling Activities

The inspector reviewed the licensee's records and procedures relating to
movement of fuel within the facility. Several specific fuel movements
were reviewed in detail. These included refueling movements, core re-
shuffling movements, and spent fue) transfers from the core storage ring
to the spent fuel pool. All movements and associated activities were
extremely well documented. Reactivity calculations were performed prior
to fuel movement and verified through shutdown margin (SDM) demonstrations
performed subsequent to the activity. During larger fuel movements,
intermediate SOM demonstrations were performed although not required by
facility procedures or Technica) Specifications. In all cases reviewed by
the fnspector, reactivity calculations deviated from actual measured con-
ditions within acceptable tolerances. The inspector had no further
questions.

Requalification Training

The inspector reviewed the records associated with the requalification of
Ticensed operators at the facility, The requalification examinations
administered in 1987 were reviewed and found to be of high quality. Grad-
ing of the examinations was adequate and it was noted that the grading s
independently performed by the Director of Reactor Operations, the Super-
intendent, and the Assistant Superintendent. One reactor operator did not
meet the facility standards for passing grade and was administered re-
training and was re-examined. The licensee maintains an on~the=-job train-
ing log to document accumulated time and activities conducted while per=-
forming licensed dutfes. The licensee uses this to determine the active/
fnactive status of licenses. The inspector reviewed this log and compared
several entries with the control room operations log to verify accuracy.
No discrepancifes were noted. Several {individua) operator files were
reviewed for adequacy. No inadequacies were noted. The inspector had no
further questions.

Review and Audit Functions

The 1{nspector reviewed the previous years "Administrative Quarterly
Audics," the "Independent Annual Audit," and selected Quality Assurance
Audits. The audits appeared to have been conducted in accordance with the
factility procedures. No significant findings were {identified by the
licensee audits but numerous minor findings and observations of a con-
structive nature were identified. It appeared that these findings were
acted upon by the staff. The inspector had no further questions.
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As described in previcus paragraphs, reviews were conducted by the fnspec-
tors of several experiments, procedure changes, activities and facility
modifications. The i{nspector found the process by which the licensee
conducts and documents safety reviews relating to these activities to be
adequate.

The inspector also reviewed the licensee's annual report to the NRC to
verify that the facility activities conducted pursuant to 10 CFR 50.59
were befng properly identified. The inspector found that all such activ-
fties were reported but that in some instances it was not clearly evident
from reading the report that some activities had been conducted pursuant
to 10 CFR 50.59. For example, the report to the NRC dated August 29, 1987
contafned a specific section for 10 CFR 50.59 Changes, Tests and Experi-
ments which appropriately described teveral of the more sfgnificant activ-
fties but omitted many others. These other activities were described in
the “Summary of Operating Experience" section of the report and were
listed under subtitles (Experiments, Changes to Facility Design, Changes
to Operating Procedures Related to Safety). The fnspector discussed this
with the licensee and suggested that the procedures be modified to ensure
future annual reports explicitly identify activities conducted pu=suant to
10 CFR 50.59. The inspector had no further questions,

Exit Interview

At the conclusion of the inspectiun on June 23, 1988 the inspector met
with the Director of the facility and reviewed the s:ope and findings of
the inspection. Other attendees are listed in paragraph 1.
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Massachusetts Institute of Technology
Research Reactor
ATTN: Dr. John A. Bernard
Director of Reactor Operations
138 Albany Street
Cambridge, Massachusetts 02139

Gentlemen:
Subject: Inspection No. 50-20/88-03

This refers to the routine safety inspection conducted by Mr. C. Z. Gordon on
July 18-20, 1988, of activities authorized by NRC License No. R-37. The
inspection findings were discussed with you and other members of your staff at
the conclusion of the inspection.

Areas examined durin? this inspection are described in the NRC Region I
Inspection Report which is enclosed with this letter. Within these areas, the
inspection consisted of selective examinations of emergency procedures and
gcpres:ntative records, interviews with parsonnel, and observations by the
nspector.

Within the scope of this inspection, no violations were identified.
No reply to this letter is required. Your cooperation with us is appreciated.

Sincerely,

Ronald K. Bellamy, Chief :x'

Facilities Radiation Safety
and Safeguards Branch

Enclosure: NRC Region 1 Inspection Report 50-20/88-03

cc w/encl: Dr. 0. K. Harling, Director of the React. Laboratory
Public Dociment Room

Local Public Document Room

Nuclear Safety Information Center (NSIC)

Commonwealth of Massachusetts (2)

bce w/enc):
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ssistant, DRMA
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. Doerflein, Project Inspector, DRP
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U.S. NUCLEAR REGULATORY COMMISSION
REGION 1

Report No. 50-20/88-03

Docket No. 50-20

License No. R - 37 Priority C Category F
Licensee: Massachusetts Institute of Technology

MIT Research Reactor

38 Albany Street

Cambridge, Massachusetts 02139
Facility Name: MIT Research Reactor (MITR - II)
Inspection Conducted: July 18-20, 1988

T/-lf 14

Inspector:
dale

Approved by: p%g;;‘m_/g__ ____Zaéﬁsz___

Eﬁergency Preparedness Section

Inspection Summary: Inspection on July 18-20, 1988 (Report No. 50-20/88-03)

Areas Inspected: Routine, announced emergency preparedness inspection
conducted by one NRC Region | based inspector of the facility organizatien,
operations, notification, communication, equipment, and training.

Results: No violations were identified. The Emergency Plan and Procedures
wo;e fgu:d to be implemented in a manner to adequately protect public health
and safety.
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2.0

DETAILS

Persons Contacted

Bernard, Director, Reactor Operations

Elderd, Sergeant, Campus Security

Hopkins, Assistant Director, Reactor Operations
Kwok , Plant Superintendent

Mallove, Assistant Director, News Ofiice
McWilliams, Radiation Protection Officer
Reilly, Radiation Protection Officer

*Denotes attendance at the exit meeting.
Massachusetts Institute of Technology Reactor (MITR-11; Emergency Plan

The inspector reviewed the MITR-11 Emergency Plan for the Cambridge,
Massachusetts site. The Plant Superintendent is responsible for
updating and implementing the Plan and administering emergency
greparo ness program functions. The Plan was submitted to the NRC in
ugust 1982, in response to changes in Emergency Plannin? requirements
for test and research reactors. The Plan was developed in accordance
with ANSI/ANS 15.16, draft 11, dated November 1981 and the criteria o’
NUREG-0849, "Standard Review Plan for the Review and Evaluation of
Emergency Plans for Research and Test Reactors". The Plan appears to
meet the NUREG guidance with regard to information on emergency
organization and respunsibilities, radiological assessment, cmorgency
action levels, designated emorgenC{ equipment and facilities, an
training. Formal NRC Plan approval was issued in 1983,

Controlled distribution is limited to Plan holders within the reactor
building. NRC and other support groups are provided with "unofficial”
copies only. Controlled distribution of the Emergency Plan to tie NRC
$2 copies) and other groups who may be involved in emer engg rec, onse
ncluding updates and revisions should be provided (50-20/ -03-61).

A description of different accidents and corrosgonding emergency action
levels for each classification are provided in the areas of fuel damage,
radiological effluents, natural phenomena, fire, and security threat.
There are three (3) implementing procedures for corrective and
Erotcctivc actions: “"Action 1X- Genera) Emergency®, Action 1Y- General
mergency®, and Action 2Y- Event/ Alert/S5ite Area Emer ency".

Procedures 1X and 1Y for General Emergencies state that integrated
offsite doses could exceed | Rem whole body and 5 Rem thyroid teo offsite
populations resulting from a 1 hour exposure and that protective action
recommendations to local authorities may be necessary. In reviewing the
Plan’s definition of the Emergency Planning Zone (EP & however, the
inspector noted that during dcst?n basis accidents, offsite doses are
not expected to exceed 60 mR whole body or 1 Rem thyroid., In this
regard, the Plan and Procedures are not consistent (50-20-88-03-02).

»
>
TOTTIVIO o>




3.0

Further review of Procedures 1X and 1Y indicate that they contain
complex narratives of information which interrelate key response actions
and do not outline in an orderly manner s?ecific tasks either to be
performed by the Emer enci Director or delegated to other response
organization members ?SO- 0/88-03-03).

Facilities And Equipment

The Control Room and Euergency SuEport Center (ESC) are the designated
emergency response facilities. The inspector toured these as well as
the assembly areas and noted that facilities appear to be well
maintained. Radiation detection devices for emergency use are available
from the reactor health physics group. Inventories of emergency
equipment are performed on a regular basis. The inspector observed
Tockers in the Control Room and Reactor Building containing protective
clothing, supplies for contamination control rcspirator{ protection
equipment, radiaticn survey meters, decontaminat ion supplies, and other
necessary safety equipment used for emergency response and determined
that sufficient eguipnent is cenerally available and that inventories
were up to date The inspector noted that self-reading dosimeters
provided in Contro)l Room lockers are capable of detecting exposures in
the rangg of 0-5 Rem only, while lower range SRD's were unavailable
(50-20/88-03-04).

A tour of the Control Room identified a licensee change in the method
for determining emergency classifications. In order to classify
emergencies due to operational problems, the licensee provided emergency
action levels and resultant classifications based upon increases in
readouts from the auxiliary core purge monitor. It appears that the
licensee developed these EAL’s because no other symptomatic means is
available to provide operators with direct monitor readings which
correlate with emergency classifications. The inspector reviewed the
EAL changes and licensee’s safety review and noted that the preicribed
action levels are not s?ecific 1nit1;t1n? conditions (trigqer points)
which, 1f exceeded, will result in classification. Instead, such levels
are monitor readings which must be sustained over time. In the case of
the Unusual Event classification, the emergency cannot be classified
until elevated auxiliary core gurge monitor rcadin?s continue for a
period of 24 hours. Although the basis for selecting each action level
adequately relates to MPC values, overall benefit to the licensee’s
emergency response program cannot be determined (50-20/88-03-05). Other
emergency action levels for classification are related to measured site
boundary radiation levels, offsite dose calculations based upon multiple
increments of measured stack area monitors (and MPC values of 1-131), or
increases in the gas and particulate monitors. These EAL's are more
appropriate for research reactor licensees and allow the Emergency Plan
to be immediately implemented.



4.0

5.0

6.0

Notifications and Communications

An incident may be reported at any time (24 hours) by a caller dialing
telephone extension 911 and being connected to the Campus Police. The
MIT-public telephon> communications network used for e.2raency
notification by the licensee consists of commercial telephones 'nrated
throughout the reactor building. Portable radios are available for use
by Campus Police and emergency response staff for environmental
monitoring. The oun-duty Shift Supervisor becomes the EnerYoncy Director
and assumes the lead role for overall direction and control of the
emergency. This includes interfaces with MIT support groups, the
radiation protection officer, and upper-level licensee management.

Primary telephones and an intercom system are located in the Control
Room and Emergency Support Center to make initial notifications to the
emergency organization. Telephone numbers for NRC notification are in
place at the Control Room desk. Notification messages to NRC and other
groups are required to contain information about the description of the
event, emergency classification, expected or actual radiation release,
meteorological data, dose assessment, and protective action
recommendations. Aithough the notification and communication capability
is adequate, the Plan does not provide for 15 minute notification to the
State of Massachusetts and City of Cambridge after declaration of an
emergency (50-20-88-03-06).

Coordination With Offsite Groups

The inspector reviewed Section 4.3 of the Emergency Plan, "Organizations
Responsible for MITR Emergency Response® and contacted representatives
of site support groups in the hospital and medical facility, news
office, and Campus Police Department to determine each group’s
understanding of the role and responsibilities it will fulfill in
response to emergency incidents in the reactor building.

Representatives stated that full sug?ort would be provided to emergency
personnel during emergencies. The Plant Superintendent indicated that
arrangements are in place for local ?overnmental support from the Cit{
of Cambridge to coordinate and assist with most emergencies at the Ml
site. Individuals also stated that they were familiar with basic
radiological hazards associated with reactor operation and had
previously attended site tours. Based upon discussions with these
individuals, the inspector determined that adequate outside assistance
is available to support MITR staff in dealing with emergency response
activities in the reactor building.

Drills and Exercises

Shift supervisors and operations staff are designated for Emer$ency
Director positions and receive specialized emergency training from ghe
Plant Superintendent. Classroom instruction covers a review of EAL’s,
corrective actions, radiological controls, communications capability,




7.0

and e-orgoncy implementing procedures. This training is included as
part of the preparation for operator licensing examination. For

requalification, licensed operators are required to review the Emergency
Plan and implementing procedures annually.

Qualification criteria for key emergency response personnel consists of
participation in emergency drills and exercises, acting as scenario
evaluators, perforain? Ener*ency Plan reviews, and helping in scenario
development and planning. The inspector noted that a comprehensive
exercise which simultaneously tests the major portions of the Plan is
not conducted, but evacuation, medical, secur1t{ and fire drills are
held at least once per year. Exercises and dri is are critiqued
&1n1tiated in 1988), documented, and results are discussed with the
eactor Safeguards Committee for possible corrective action.

Exit Meeting

The inspector met with the licensee representatives listed in Section 1
of this report at the conclusion of the inspection and summarized the
observations made during the inspection.

The Ticensee was informed that previously identified findings were
adequately addressed and no violations were found.

Licensee management acknowledged the findings and indicated that
appropriate action would be considered.

At no time during this inspection did the inspector provide ary written
information to the licensee.
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MIT RESEARCH REACTOR
ANNUAL REPORT TO
UNITED STATES NUCLEAR REGULATORY COMMISSION

FOR THE PERIOD JULY 1, 1984 - JUNE 30, 1985

Introduction

This report has been prepared by the staff of the Massachusetts
Institute of Technmology Research Reactor for submission to the
Adoinistrator of Region 1, United States Nuclear Regulatory
Commission, in compliance with the requirements of the Technical
Specifications to Facility Operating License No, R-37 (Docket No,
50-20), Paragraph 7,13.5, which requires an annual report following
the 30th of June of each year,

The MIT Research Reactor (MITR), as originally constructed,
consisted of & core of MTR-type fuel, tully enriched in uranium-235
and cooled and moderated by heavy water io a four-foot diameter core
tank, surrounded by a graphite reflector, After initial criticality
on July 21, 1958, the first year was devoted to startup experiments,
calibratior and a gradual rise to one megawatt, the initially licensed
maximum power, Routine three-shift operation (Monday~Friday)
commenced im July 1959, The suthorized power level was increased Lo
two megavatts in 1962 and five megavatts (the design power level) in
‘963.

Studies of an {mproved design were first undertaken in 1967, The
concept vhich vas finally adopted consisted of a more compact cove,
cooled by light water, and surrounded laterally and at the bottom by a
heavy water reflector, 1Ii i{s undermoderated for the purpose of
maxirizing the peak of thermal neutrons {n the heavy water at the ends
of the bear port re-entrant thimbles and for enhancement of the
neutron flux, particularly the fast component, at in-core irradiation
facilities, The core ‘s hexagonal {v shape, 15 inches across, and
vtilizes fuel elements which are rhorboidal {n cross section and which
contain UAL, intermetallic fuel in the form of plates clad in
alueinue and fully enriched in vraniue-235, Much of the original
facility, e.g. graphite reflector, blological and thermal shields,
secondary cooling systems, containment, etc,, has been retained,

After Construction Permit No, CPRR-116 was irsued by the former
U.S. Atomic Energy Commission in April 1973, major components for the
modified reactor were procured and the MITR-I was shut down on May 24,
1974, having logged 250,445 megawatt hours during vearly 16 years of
operation,

The old core tank, associated piping, top shielding, contrel rods
and drives, and some experimental facilities were disass. ed,
resoved and asubsequentiy replaced with pew egquipment, After
properational tests were conducted on all systems, the U.S, Nuclear



Regulatory Commission {ssued Amendment No, 10 to Facility Operating
License No., R«37 on July 23, 1675, After {nitial criticality for
MITR-I11 on August l4th, 1975, and several months of startup testing,
power was raised to 2,5 MW in Decembder, Routine 5 M\ operation was
achieved {n December 1976,

This is the tenth annual report required by the Technical
Specifications, and it covers the period July 1, 1984 through June 30,
1985, Previous reports, along with the "MITR-II Startup Report"
(Report No, MITNE-198, February 14, 1977) have covered the startup
testing period and the transition to routine reactor operation, This
report covers the eigth full year of routine reactor operation at the
5 MV licensed power level, It was another year in which the safety
and reliability of reactor operation fully met the requirements of
resctor users,

A sumpary of operating experi{ence and other activities and
related statistical data are provided in tre following Sections A-H of
this report,




A, SUMMARY OF OPERATING EXPERIENCE

| GCeneral

During the period covered by this report (July 1, 1984 - June 30,
1985), the MIT Research Reactor, MITR-11, was operated on a routine,
Jive days per week schedule, normally at & nominal 5MW, It was the
eighth full year of normal operation for MITR-II,

The reactor averaged 86,3 hours per week at full power compared
to 90.3 hours per week for the previous year and 85,2 hours per week
two years agc. The reactor {s normally at pover 90-100 hours/week,
but holidays, major maintenance, long experiment changes, waste
shipping, etc,, reduce the average, The reactor routinely operates
from late Monday afternoon until late Friday afternoon, with
majntenance schedulsd for Mondays and, as necessary, for Saturdays.

The reactor was operated ~hroughout the ' sar with 24 or 25
elevents in the core, The remaining positions were occupied by
frradiation facilities used for materials testing and the production
of medical {sotopes and/cr by s rolid alurinum dummy. Compensatior
for reactivity lost due to burnup was achieved through five refuelings
of several elements each, These involved a continuation of the
practice begun in previous years ino which fresh fuel was introduced to
the A and B-riogs while partially spent elements that had been
originally removed from the B-ring were gradually introduced to the
C-ring to replace fully spent elements, Thete procedures were
combined with many element rovetions/inversions, the objective of
vhich was to minimize the effects of radial/axiel flux gradieots and
thus achieve higher average burnups.

The MITR-11 fuel management progiam remalns quite successful,
All but seven of the original MITR-II :lements (445 grams U-235) have
beet permanently discharged, The average overell burnup for the
discharged elements was 42%, Of the remaining seven elements with the
445 grae losding, it is now projected that six will reach maximum
depletion within the next six months, Thirty-six of the new elements
(506 grams U-235) have been introduced to the core, Of them, three
have attained the maximur allowed fission density. However, these ray
be reused if that limit 4s increased as would seem warranted based on
metallurgical studies by DOE, As for the other thirty-three nev
elements, they are either currently in the reactor core or have been
partially depleted and are avaiting reuse in the C-ring,

The continued delays in the availabi{lity of & licensed cask frov
DOL are of increasing concern, Specifically, our fnudbility to ship
spent fuel s forcing us to deviate from our normal fuel cycle in
that:

(1) The {nventory of partially spent elements is below normal,
This 1s making it difficult to convert fror one core
configuration to another,



(2) loability to place fresh fuel in the A and B-Rings of the
core may necessitate premature C-Ring refuelings in order to
obtain sufficient reactivity for continued cperation, This
vill result in lower overall burnups and ultimately increase
our need for additional fuel,

Finally, {t shonld ve recoguized that {f casks continues to be
ynavailable, we will have to request & reinstatement of part or all of
our previous license limit for possessio- of U235 {n order to
continue operation,

Protective system survelllance tests are conducted on Friday
evenings after shutdown (about 1800), ou Mondays, and on Saturdays as
Decessary,

As in previous years, the reactor was operated throughout the
perfiod without the fixed hafnium absorbers, which were designed to
achieve a maximum peaking of the thermal neutron flux in the heavy
vater reflector beneath the core, These had been removed in Novomber
1976 {o order to gain the reactivity necessary to support more i{n-core
facilities.

i txg!rilcnts

The MITR-II was used throughout the year for experiments and
{rradiations in support of research and treining programs at MIT and
elsevhore,

Experiments and irradiations of the following types vere conducted:
a) Neutron diffractiot spectrometer alignmeat and studies (3 ports).

b) The production of Méssbauer sources by the irradiation of Gd-160
and Pt-196 for studies of nuclear relaxation of Dy-l16l in G4 and
for the {ovesiigation of the chemistry and structure of gold
compounds.,

¢) Irradiation of biclogical, geological, ocesvographic, and medical
specimens for meutron activation analysis purposes,

d) lovestigation of the technique of neutron-induced avtovadiography
for possible use in determining the history and suthenticity of
paintings, '

.) Production of phosphorus=-352, gold-198, dysprosium-163,
fluorine=1f, ceniur-191, and chlorine-2% for medical research,

diagnostic and therapeutic purposes,

f) Irradiation (1) of tissue specimens on particle track detectors
for plutonium radiobiology, (41) of agricultural specimens and
anisal tissue for doron location, and (114) of geclogical sarples
for fissile element distribution,

¢) Irradiation of asorphous hydrogenated silicon (a-S1:K) to produce
some phosphorous in order to study the effect of such donor atoms
on the properties of a-Si1H,



h) Use of the facility for reactor operator training.
1) Irradiation camage studies of candijate fusion reactor materials.

) Fault detection analysis of the output of control and process
channels from the IT Reactor as part of a study leading to
control of reactors by use of fault-tolerant, digital computers.

k) Closed-loop direct digital control of reactor power using & shim
blade as well as the regulating rod during some steady-state and
transient conditions.

1) Experivental studies of various closed-loop control techniques
including decision analysis, state-variable feedback, and the use
of reactivity constraints,

®) Measuremerts of the energy spectrur of leakage neutrons using a
mechanical chopper in a radial bear port (4DH1), Measurements of
the neutron wavelength by Bragg reflection then permits
demonstration of the DeBroglie relationship for physics courses
at MIT anéd other universities,

o) Detection ~f trace quantities of fissile nuclides using a delayed
peutron detector,

3 Changes to Facility Desigo

As indicated in past reports the uranium loading of MITR-II fuel
lias been increased from 29.7 grams of U-235 per plate ancd 440 grams
per element to & nominal 34 and 310 grams respectively., With the ex-
ception of two elements (plus » third that was found to be out-gassing
excessively {o July 1985 after the end of the report period), perfor-
mance has been good, (Please see Reportable Occurrence Reports Nos,
50«20/79+4, 50-20/83-2 and 50-20/85-2. The heavier loading results
{n 4',2 w/e U {n the core, based on 7% voids, and corresponds to the
paximur loading {n Advanced Test Reactor (ATRE) fuel., The most recent
fuel fadbricator, Ateeics International Divisior of Rockwell Inter-
national, has completed the production of 41 of the more highly loaded
elements, 3¢ of which have been used to some degree, Three with about
372 bursup, had been in operation in the core since January 1980 and
vere discharged during the year, since they had attained the burnup
1imit, Additional elements are now being fabricated by Babcock &
Vileox, Navy Nuclear Fuel Division,

The MITE staff has been following with interest the work of the
Reduced Enrichment for Research and Test Reactors (RERTR) Frogram at
Argonne National Laboratory, particularly the development of advanced
fuels that will permit uraniue loadings up to several times the cur-
rent upper limit of 1.6 grams total uranfum/cublc centimeter, Con-
sideration of the therral-hydraulics and reactor physics of the
MITR-11 core design show that cooversion of MITR-II fuel to lower
enrichoent must avalt the successful demonstration of the proposed
advanced fuels,

Other changes in the facility are reported in Section E,



4, Changes in Performance Characteristics

Performance characteristics of the MITR-II were reported {n the
"MITR-11 Startup Report", Minor changes have been described in
previous reports. There were no changes during the past year,

5. Changes in Operating Procedures Related to Safety

Apendment No, 24 to the Facility Operating License was {ssueu on
April 2, 1985, It revises Technical Speciiication 3.9 to authorize
sutomatic control of shim blades and regulating rod with up to 1.8%
AK/K in avallable positive reactivitv, It also adds a nev Technical
Specification 6.4 that authorizes connection of the shim blades and/or
regulating rod to & closed-loop controller provided that the overall
controller {s designed so that control of reactor pewer will always be
feasible at either the desired termination point of any transient or
at the maxioum allbwved operating power,

MIT 4{s avaiting approval of {ts application for renmewval of
License No, SiM-986, This license covers kilogram gquantities of
siightly enriched U-235, gram quantities of Pu, normal and depleted
U, Other licenses covering smaller quantities of similar material
would be combined with License SNM-986, The MIT Reactor is {nvolved,
becruse most of the SNM i{s stored on the reactor site, and much of {t
is used on the reactor in accordance with avthorized experiment revier
and approval procedures. Revision #1 of the renewval application was
submitted to NRC on July 13, 198,

Twe SAR revisions were submitted during the year:

a) SAR Revision No. 3] was rubmitted to NRC in order to update
the SAR so that it would reflect severr]l minor changes that
have been incorporated in procedures, related documents, and
dravings. The following Tadle 1 (Enclosure 1 of Revisior
No. 31) summarizes the changes.

) SAR Tevision No, 32 changes the amount of available positive
reactivity thet may be connected to an automatic contreller
from 0.7% to 1.8% AXK/K (Section 3,3,2.1.6) anrd descrides
closed-loop control of the reactor by means of digital
controllers that incorporate the concept of "feasibility of
control"” which {o turn, is based on covstraining reactivity
vithin manageadble limits (Sections 10,1.6 and 10,2.5)., Both
of these changes have bee:u authorized by tne above Amendment
No. 24 to the Facility Operating License,

SAR Revision No, 32 also incorporates the use of variable
speed motors in the regulating rod and shim blade drives, a
10 CFR 50.5% change described in Section E, Adcitional
rinor changes are deascrided in Tadle 2 (Summary of SAR
Changes + SE #0-84-12)



Enclosure |

vision of Licensing,

Remove Insert

Page Page Description of Change

Fig. Figure updated to imclude valve DV-69 which is normally
9.3.1=1 ol locked open but can be used to i{solate the helium
(9/24/76) / ) cover gas system when the blov off patch s serviced,

11.3-2 1,3 The name of the checklist used to document QA

(3/17 ) (10/26 Z activities has been made more descriptive of {its use,
{.e, "Quality Assurance Approval Requirements
Checklist",

A footnote ¢ d as 4 reminder that the
uncertainty . e fuel density tolerance wvas
sctuelly 1.1¢ t) ' the 1.0% envisaged when the
SAR was f1{
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SAR Revision No. 32

Chacges

Section 3.3.2.1.6 revritten to reflect change it
Technical Specification €3,9-5

Section 7.2 change to reflect use of boron-impregnated
stainless steel blades, (This completes s previous
change made earlier,)

MNodifles section 7.2 to {mclude variable speed motors
{n the control system and shie blades in the automatic
contrel system, Corrects typographical error {no last
line of page.

Changes wording to reflect use of constant or variable
speed wotors, Adds paragraph listing modes of control.

Changer frequency of building lear test [roeo blanoual
to annual which 4s as specified {n . ne Tecanical
Specifications, Adds specification for damper leak
test,

Changes frequency of emergency coolimg flow test to
aonual which {s as specified io the Technical
Specifications, Delipeates specificatios for the test,
Changes frequency of calidration of reactor outlet
temperature switches to annual vhich is as specified in
the Technical “pecifications, Deletes word bimetaiite
since capillary svitches are used.

New page.

" "

LAl "

Adés teference 10,1, 6+1,

JUL 18 9o =
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With respect to opersting procedures subject only to MITR
internal reviev and approval, a summary of those related to safety is
given below:

a) An sonusl {ndependent audit of reactor sctivities was initiated
in 1983 to supplement the internal audits previcusly conducted by the
reactor staff, 1In 1984 Procedure 1.18,2, "lndependent Audit", was
written to forwalize the audit procedure, and Procedure 1,18,1 was
revised to include therein the several internal audits routinely being
carried out, (SR #0-84-15)

b) Procedure 6,1,3,4B, "Reactor Hy0 Outlet Temperature - MTS-1 and
MTS-1A", formerly required the placement of one thermocouple in the
core tank and a second in an {ce bath as & reference while the primary
coolant temperature (and coosequently the probes for MTS-1 and 1A) was
varied in the range 25°-55°C, The procedure has been revised to
perzit the use of any calibrated temperature measuring instrument, A
Fluke Data Logger calibrated by an {ndependent testing ladboratory {s
nov used, (SR #0-84-17)

¢) Procedures 1,13.7, 'QA Records", and 1,20, "Records Preservation
and Retention", were clarified in response to & finding in the 1983
fodependent audit, Some records retention tires were increased in
order to meet puclear {nsurer requirements, (SR #0-84-18)

d) Nev paragraph 1.13.9 vas added to Procedure 1,13, "Quality
Assurance Program”, to state explicitly that the CA Program is
applicable to packaging for Type B quantities of RAM and to fissile
materials not othervise exempted., New paragraph 1,12,10 was added to
specify that radicactive wastes at the reactor are subject to the
classification and other requirements of 10 CFR 20,311(d) for disposal
by land burial. (SR #0-84-18)

e) The drill scenario used in Procedure 6.6,1.1, "Radiclogical
Evergency Exercise', was updated to reflect the revised action levels
contained in the Radiation Emergency Plan as most recently approved by
NRC, Other parts of the procedure were revised for purposes of
clarification and to add a number of precautions to be observed in the
conduct of the drill, (SR #0-84-19)

f) The readouts for Core Tank level meter MiL-3A originally gave the
level in terms of inches below overflow, The scales have been
redesigned to give the level in terms of feet above the top of the
core, Procedure 4,4.5.1, "lnstructions for Use of Utility Room
Emergency Gauges'', was rvevised accordingly. (Sk #0-84-22)

g) A review of Procedure jlanual Chapter 1, "Adeministrative
Procedures”, resulted i{n updates to name lists and other non-substan-
tive revisions, Section 1,4.6, "Procedure Munuals", was revised to
specify where official coples of {ndividual procedures are posted,
e.g. the perchloric acid hood, the reactsr floor hot cell, Section
1,19, "Receiving, Storing and lssuing of NRL Materials", was revised
to eliminate duplication with Chapter 2 regarding procedures for




receipt of reactor fuel. References to NRC licenses held by MIT,
pertinent Parts of 10 CFR, end related written plans that might need
to be censulted regarding the receipt, storage and {ssuing of nuclear
materials were added. (SR #0-35-1)

h)  Procedure 2.7.!, "Procedure for Receipt of Reactor Fuel', was
revised to incorporate those {tems previously contained in Procedure
1.19.1. Other minor revisions, wostly editorial, were made in the
remaining sections of Procedure 2.7, "Fuel Handling". (SR ¢0-85-2)

{) As the result of errors in sasple {dentification that resulted,
io one case, in the shipping of the wrong sample (see Unusual
Occurrence Report #84-3 and NRC Inspection No, 50-20/85-01), a nvew
Procedure 3.11.5, "ldentification of Pneumatic Tube Samples', was
prepared that consolidated existing wemos and verbal directives and
contained nav requirements regarding {dentification of samples.

(SR #0-85-3)

3 An editorial correction i{n the chart specifying conditions
leading to radiological emergency Actions 1X or 2X or AOF 5.6.2 was
pade io Procedutes 4.7.2 rod 4,4.4,15 ar? dn ACP 5,6.2, (SR #0-85-4)

k) The scale on the remote primary storsge tank level indicator,
ML=4, has been redesigned to give s direct repding of the storage tank
contents in {oches, {nstead of & psig reading that had to be con-
verted, Procedure 6.5,12, "Prisary Storage Tank Level Calibration”,
vas revised accordingly., (SR #0-85-5)

1) There previously had bdeen no formal procedure for calibration of
the shield storage tank level remote indication and no formal test for
the Shield Tank Low Level alarm, PL-l, A new Procedure 6,5.13,
“Shield Storage Tank lLevel Calibration', similar to that for the
primary storage tank, was prepared and i{nstituted, (SR §0U-85-5)

e) Formerly, the D;0 dump tank remote level indicator was cali-
brated by varying the dump tank level over its range, and the Low
Level Dump Tank Alare and the Transfer Pump {nterlock were tested by
pusping the dump tank down until the level prode, DL-2, was uncovered,
Considerable valving and pumping s avoided by i{sclating the dump tank
sight glass, DL-i, and attaching & movable Dy0 reservoir that can be
ralsed or lovered to vary the D0 level in DiL-l. This is the same
method that is now used for the primary coolant storage tank and the
shield coclant storage tank., Procedure 6,3,8, "Reflector Dump Tank
Level Alsre, Interlock and Calibracion', was rewritten to reflect this
pev method, (Sk #0-85.()

n) Formerly, calibration of the core tank level scram peint and the
level {ndications was accomplished, using Procedure 6.1,3.7, by
observing meter indications as the tank level vas lowered in steps of
atout 2" each te just above the outlet pipe (radiation levels
permitting), Differenti{al pressure transmitters, ML-3A and ML-3B,
respond to coolant level in the core tank through helium backpressure
that depends on the coolant level, By {sclating the heliue and
substituting air whose pressure can be varied with a regulator over
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120 {oches H;0 (10 feet), as detersined by a precision manometer,

the control room and utility rooe level indicators can be calibrated
and the Lov Level Core Tank scrar point verified., The advantage {»
that the reactor top lid need not be removed, and radiation exposures
are reduced, Procedure 6,1,3,7A, "Calibration of Core Tank Level
Indications ML-3A, ML-3B, and Verification of Low level Scram Point",
vas lssued as ap alternate to Procedure 6.1.3.7, (SR #0-85.7)

©) A one-time procedure was reviewed and approved for determining
the neutron transmissin characteristics of an {rradiated MITR-1I shim
blade, Measurements wvere made in the spent fuel storage tank,

(SR 90-85-8)

p) Procedure 6,1.2.2, "Main Ventilation Damper Inspection”, which
called for a light transmission test of the damper gasket seal, was
revised to include alsc and explicitly & visual inspection of the
condition of the gasket, This constitutes one of the corrective
sctiona described in Reportable Occurrence Report ¢#50-20/85-01, (SR
$0-85-9)

1) A nbev Procedure 7.3.%, "Procedure “or Replacemert cf the D0
Recosbiner Blower', was prepared and approved for the above
operation, (SR #0-85-10)

r) Several emergency procedures in Section 4,4.4 were revised at the
direction of the MIT Reactor Safeguards Committee (page 6 of minutes
of meeting dated 12/19/84) to (1) clarify the wording of tables used
to determine the class cf an emergsncy, (2) delete the procedure step
to open all air locks {o the event that a tornado is anticipated and
(3) make mivor changes to clarify other wording, (SR #0-85-12)

8) A nev Procedure 7.4,3.7, "Flushing of Heat Exchangers HM-1 &
HM=1A", was prepared and approved to flush the above two heat
exchangers vith maximuer secondary flow without exceeding the primary
coolant pressure, (SR #0-85-14)

t) Miscellaneous minor changes to operating procedures and to
equipment were approved and {mplemented throughout the year,

6. Surveillance Tests and lnspections

There atre mavy written procedures {n use for survelllance tests
and inspections required by the Technical Specificaticns, These
procedures provide a detalled method for conducting each test or
inspection and specify ar acceptance criterior which sust be met in
order for the equipment or systesm to comply with the requirements of
the Technical Specifications. The tests and inspections are scheduled
throughout the year with a frequency at least equal to that required
by the Technical Specifications. Twenty-seven such tests and
calibrations are conducted on an annual, semi-annual or quarterly
basis,



Other surveillance tests are done each time before startup of the
reactor if shut down for more than 16 hours, before startup {f a
channel has been repaired or de-energized, and at least monthly; a
few are on different schedules. Procedures for such surveillance are
incorporated into daily or weekly startup, shutdown or other
checklists,

During the reporting period, the surveillance frequency has been
at least equal to that required by the Tecunical Specifications, and
the results of tests and {nspections were satisfactory throughout the
year for Facility Operating License No. R-37, During the containment
building pressure test io April 1985, the seal on the truck lock outer
door could not be tested due to & hydraulic line failure. The line
has since been repaired and preparations are being made for a special
pressure test of the truck lock,
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3. REACTOR OPERATION

Information on energy generated and on resctor operating hours is

tadbulated below:

Quarter

Total

2 3

1. Energy Generated (MWD):

a) MITR-11 (MIT FYBS) 182.1
(oormally at 4.9 MW)

b) MITR-I1 (MIT FY76-84)

¢) MITR-1 (MIT FY59-74)

d) Cusulative, MITh-I & MIVR-I1

2. Hours of Operation MIT FYL1985,
MITR.I11

a) At Power (20,5 M) 1161,9
for research

b) Low Powver (¢ .3 MW) 48,1
for traloing
and test

190.4  225.8

1061.1 1148.7

33.¢ 36.2

195.0 793.2

6,970.5

10,435,2

18,198,9

1114.7  4,486.5

35.0 156.9

e) Total critical 1210.0

1094.7 1184.%

1153.7  4,643.4

Note (1)t These hours do not {nclude reactor operator and other
training conducted while the resctor is at full power for
research purposes (spectrometer, etc,) or for {sotope
production, Such hours are included in previous line,




c. SHUTDOWN AND SCRAMS

During the period of this report there were 7 {nadvertent scrams
and 3 unscheduled power reductions.

The terz "scrac" refers to shutting down of the reactor through
protective systec action when the reactor i{s at power or at least
critical, vhile the term "reduction” or "shutdown'" refers to an
unscheduled pover reduction to low power or to subcritical by the
reactor operator in response to an abnormal condition {ndication. Rod
drops and electric pover loss without protective system action are
fncluded in shutdowne,.

The following susmary of scrams and shutdowns is provided {u
approximately the same format as last year {o order to facilitate o
comparison,

1. Nuclear Safety Syster Scrams Total

a) ™an, 6 scram a* 4.2 MV due to trip

palfuoction while reshioming 1

b) Blade 6 dropped off while meter adjusted 1
¢) Withdrav permit open on relay fallure 1
Subtotal 3

11. Process Systems Scrams

4) Low Tlow Primary Coclant scram during
servicing of flow recorder 1

Subtotal |

111, Unscheduled Shutdowns or Power Reductions

a) Shutdowns dve te Electric Company power loss 3
b) Operator loveved power to investigate:

{) Medical shutter operation 1
11) Low pressure in the heliur supply te an :
frradiation thimble 2

Subtotal ¢

Total 10

The 10 scrams and shutdowns during FY B85 compare with the 19, 25,
and 28 experienced iv FY 84, FY B3, and FY 82 respectively,



L. MAJOR MAINTENANCE

Ma jor maintenance projects during FY86, including the effect, {if
any, on safe operation of the reactor, are descridbed below in this
section,

FYE5 sav a contipuation of the efforts in repairing the cooling
tovers which have been (‘eteriforating due to age and ice forming on
the outside panels, Exterior panels on both cooling towers were
repaired and stear cleaned, Drain holes were drilled on the north~
east side of cooling tower #1 where the majority of the ice had built
up io the winter, Installation of the drain holes allows water to
return to the interfor of the cooling tower thereby reducing water
sccusulation on the outside of the tower where ice could fore.
Interior poly~-grid filling In cooling tower #1 was repaired so as to
restore the water distribution capacity of the tower, Spray rings and
nozzles on both tovers were {nspected and cleaned, The underground
valves to the cooling tower basinsg had ceased to operate due to age.
Replacement of these valves was inftiated in FYE5 and will be com-
pleted {o FYE6E, There are a total of 2 eight {och, 2 six {och, and 2
three {nch butterfly valves to be replaced,

Diaphragms {o the pneumatic operator of the automatic solenoid
operated valves {n the primary, core purge, and medical shutter
systems were replaced as & preventive maintenance measure, The
transmitter for the reflector level i{ndication systez was replaced
vith a nev unit because repair parts for the old unit are no longer
supplied by the manufacturer,

The piping for the dump tank level indication wos modified so as
to allov calibration of the remote level indication without actual
fnventory change in the dump tank., New stainless steel clad thermo-
couples were obtained for calibration of the two temperature sensory
in the primary core tank., The pev calibration procedure and set-up
allows calibration of the temperature probes without removing the
reactor top shield 14d, These two {mprovements reduce much of the
radiation exposure to the operators who are perferming these
calibrations,

The hydraulic lines for the truck lock of the resctor concalnment
building ruptured during routine use of the lock, The steel hydravlic
lines were replaced. The hydraulic hoses oo the ventilation intake
damper showed signs of deterforation and were replaced, The gaskets
vhich fore an air tight seal in the intake damper were found to be
vorn and were replaced with a nevw set, The accumulator in the hydrau-
lic syster of the ventilation exhaust damper developed a nitrogen
leak, The diaphrage of the accumulator was replaced, The core purge
blover in the primary system was replaced due to excessive wear inside
the housin; on which the graphite vanes of the rotor ride, The timlng
of the lobes in the D0 helium recombiner blower became out-of-
synchronization due to normal wear, and the blover was replaced with a
new unit,

Many other routine maintenance and preventive maintenance jobs
vere done throughout the year,
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E. SECTION 50,359 CHANGES, TESTS AND EXPERIMENTS

This section contains o description ~f each change to the
facility or procedures and of the conduct of tests and experiments
carried out under the conditions of Section 50.59 of 10 CFR 50,
together with a suomary of the safety evaluation in eacn case,

The review and approval of changes in the facility and {n the
procedures as described in the SAR are documented in the MITR records
by means of "Safety Reviev Forms'., These have been paraphrased for
this report and are i{dentified on the following pages for ready
reference {f further {nformation should be required with regard to any
ftem, Pertinent pages {n the SAR have been or are being revised to
reflect these chunges, and they will be forvarded to the Chief,
Standardization and Special Projects PBranch, Division of Licensing,
USNRC,

The conduct of tests and experiments on tha reactor are normally
documented {n the experiments and {rradiation files. For experiments
carried ovt under the provisions of 10 CFR 50,59, the review and
approval is documented by means of the Satfety Review Form, Al other
experiments have been done in accordance with the descriptions
provided in Section 10 of the SAR, "Experimental Facilities",

For the past year the only facility changes and experiments
carried out under Section 50,59 were in connection with the
closed-loop computer control project describded on the following pages:



Digital Computer Control of Reactors Under Steady-State and Transient
Conditions

SRO-M-81-3 (11/17/81), M-Ble4 (12/10/81), E-82-2 (01/08/82),
E-82-3 (02/24/82), E-B2-4 (03/03/82), E-82-5 (04/14/82), E-B2-6
(07/13/82), 0-83-5 (02/03/83), E-83-1 (02/08/83), 0-83-12 (06/23/83),
0-83-2C (07/20/83), 0-84-11 (06/25/84), 0-84=12 (07/12/84), 0-B4e-16
(12/6/84), 0-B4-21 (11/1/84), 0-85-11 (5/9/85), and 0-85-13 (6/28/85%).

A foint projs ‘. doveolving computer analysis, signal validation of
data frou reactc’ ‘nstrusents, and closed-loop control of the MIT
Reactor by digi. | computer was continued with the Charles Stark
Draper laboretcry in Cambridge. A non-limeir supervisory algoriths
has been deviinyed and demonstrated, It functions by restricting the
vet rvevctiviry so that the reactor period can be rapidly made irfinite
by reversing che direction of control rnd motion, 1It, combined with
the sigoal validation procedures, insures that there will not be any
challenge o the reactor safety syster while testing closed-loop
control methods., Several such wethods, including decision analysis,
"furzy"' loglc, and modern control theory, continue to be experimen«
tally evalvated, The eventua) goal of *his progras {s %o use fault-
tolerant computers coupled with closed-loop digital control and signal
velidation methods to demonstrate the {mprovements that can be
achieved {v reactor contrel,

Each nev step in the prograe {s evaluated for safety in accor-
dance with standard reviev procedures (Safety Review numbers listed
above) and approved as necessary by the MIT Reactor Safeguards
Committee,

In initial tests, the digital controller was designed to control
the reactor's regulating ro!, That red, whose worth {s limited to
0.72 AK/K and {s actually worth 0,2% AK/K, s normally positioned by
an analog controller, The digital controller hat been shown to be
equal to the snalog one during near steady-state conditions while
transients such as those due to xenon or temperature are in progress,

Some of the subsequent tests were or will be conducted under the
conditions of 10 CFR 50,59, {.e. consideration was given to the
possible existence of unrevieved safety questionn:

1) Experiments were conducted in which the digital controller
vas connected to o shie blade drive (instead of the
regulating rod, as descridbed above), This required
‘nitially that the availadle positive reactivity that cOLid
be inserted {f the blade were to be fully withdrawvn be
lieited to 0,7% AK/K or less. It wop concluded that nmo
unrevieved safety questions were {nvolved, including
cons'deration of any {ncreased probability of continuous
blade withdraval and any increased probability of excessive
posfitive reasctivity insertion, See alsc Safety Reviev
$0<B4=-1), submitted to NRC, Standaridization snd Special
Projects Branch, Division of Licensing, ou Janvary 11, 1985,
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Further experiment. 111 {nvelve the use of a variable speed
sotor on & shim blavs ‘o place of the usual constant speed
potor thet cun insery reactivity at a maximur rate of

1x10"% K/K per second, Toe variadl =4 motor, im
out-of-core tests, could not exceed an .nsertion rate of
Wx10°%K & per second, less than the Technical
~pecification limit of 5x10°% AK/K per second., Based on
this and other corsiderations detailed {n safety review
#0-84-1]1, no unrevieved safety questions have been
{dentified,

In order to conduct further tests with avallable positive reacti-
vities exceeding 0,7 AK/K, o facility operating license amendment vas
submitted to NRC (January 11, 1985) that would:

(1) permit closed-loop control of one or more shim blades
and/oer the regulating rod provided that no more than
1.8% LK/K could be inserted were all the connected
control elements to be withdrawn,

(2) permit closed-loop control of one or more shim blades
and/or the regulating rod provided that the overall
controller {s designed so that reactivity {s
constrained sufficiently to permit contrel of reactor
power within desired or authorized limits,

Ameniment No, 24 authorizing the above activities was i{ssuved by
NRC on April 2, 1985, Pertinent pages of the SAR tha* concern the
resactor contrel syster have been updated through submission with the
January 11, 1985 letter of SAR Revision No, 32,
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¥. ENVIRONMENTAL SURVEYS

Environmental surveys, outside the facility, were performed using area
monitors. The systems (located approximately in a k-mile radius from
the reactor site) consist of calibrated G. M. detectors with associated
electronics and recorders.

The detectable radiation levels due to argon-4] are listed below:

Site July 1, 1984 - June 30, 1985
Marth 1.1 mR/jear
South 3.6 mR/year
East 4.7 mR/year
West 1.0 mR/year
Green (East) 0.4 mR/year

Fiscal Yearly Averages

1978 1.9 mR/year
1979 1.5 mR/year
1980 1.9 mR/vear
19861 1.9 mR/year
1982 2.5 nR/vear
1983 2.3 mR/year
1884 2.1 mR/year

1965 2.2 mR/year



«J0=-

¢. RADIATION EXPOSURES AND SURVEYS WITHIN THL FACILITY

A summary of radiation exposures received by facility personnel and experimenters
is given below:

whole Body Exposure Range (Rems) Perdod 7/01/84 - 6/30/85

No. of Persornel
” m..ur.bl.l'00.0...l....l.'00'000"00‘C.C'll...c'...'..‘l'.! .’

u...ut.bl.. npo‘ur‘ 1..‘ th‘n 001 IR R 30

o.l-o.zs'.'l.I..'ll"...‘..'l'.l.ll.!.'.!.....'.....0'."‘..0 .
o.zs-OOStl"loonllool.lo.oo0lo..l.cono.ooo-t!outnlll.itoooloo 1‘
o.s-o.’sllilt.ltCQOl.ooo'&l‘olo!!l.oallicl!tloctlIol!'lol"cl 3

o.’s-100!0!'0'!00;.!.00.00..00 L R 1

Total Personnel ~ 140 Total Man Rem = 9.95

Summary of the results of radiation and contamination surveys from July 1984 to
June 1985:

During the 1984-1985 period, the Reactor Radiation Prote.tion Office continued
to provide radiation protection services necessary for full-power (5 megawatts)
operation of the reacior. Such services (pt ‘ormed on a daily, weekly, or
monthly schedule) include the following:

1. Collection and analysis of air samples taken within the reactor
containment shell, and in the exhaust-ventilation system.

2. Collection and analysis of water samples taken from the reactor
cooling towvers, D.0O system, waste storage tanks, shield coolant,
heat exchangers, fuel storage facility, and the primary system.

3. Performance of radiation and contamination surveys, radioactive
wvaste collection, calidbration of reacter radiation .onitoring
systens, and servicing of radiation survey meters.

&, The providing of radiation protection services for contrel rod
removal, spent-fuel element transfers, ion column removal, etc,

The results of all surveys described above have been within the guidelines
established for the facility.



H. RADIOACTIVE EFFLUENTS

This section summarizes the nature and amount of liquid, geaseous
and solid radioactive wvastes released or discharged from the facility,

1. Liquid Vaste

Liquid rediocactive wastes generated at the facility are
discharged only to the sanitary sever serving the facility., There
vere three sources of such wastes during the year: the zooling tower
blowdowne; the liquid waste storage tanks; and laboratory drainms. All
of the liquid volumes are measured, by fo~ the larcest being the
4,213,000 1iters discharged during ¥Y 158> from the cooling towvers.
(Larger quantities of non-radicactive waste water are discharged to
the sanitary sever system by other parts of MIT, but mo credit for
such dilution {s taken since the volume g not routinely measured,)

All releases were {o accordance with Technical Specification
3.8+«1, {ncluding Part 20, Title 10, Code of Federal Regulations,
Thare ara ro reportable radionuclides irasmuch As all ectivities were
substantially below the limits specified im 10 CFR 20,303 and 10 CFR
20, Appendix B, Note 3.

2. Gaseous Waste

Gaseous radicactivity is discharged to the atmosphere from the
containment building exhsust stack and by evaporation from the cooling
tovers. All gaseous releases likevise vere in accordance with the
Technical Specifications and Part 20, and all nuclides vere below the
limits of 10 CFR 20,106 after the authorized dilution factor of 3000,
Alsc, all were substantially below the limits of 10 CFR 20, Appendix
B, Note 5, with the exception of argon-4l, which {s reported in the
following Talle H-l, The 4076 C{ of Ar-4l was released at an average
concentration o‘ 1,04 x 10°° uyCi/el for the year. This represents 26X
of MPC (4 x 10°° uCi/el) and is only adout half the previous year's
release, The improvement is the result of extensive studies of the
sources generatinmg Ar-4]l o the reactor and of the inert gas tlacket
systems that minimize the generation,

. Solid Vaste

Only one shipment of solid vaste ' 4 made during the year,
information on which {s provided in the fellowing Table H-2,



Table K-l

ARGON-4]1 STACK RELEASES

FISCAL YEAR 1983

Ar=él Average
Discharged Concentration(l)
(Curies) (bCi/ml)
July 1984 381 1.28 x 10°*
August 689 1,85
September “h2 1,48
October 453 1.22
November 173 0.58
December 217 0.73
January 1985 280 0.75
February 268 0.90
March 265 0.8%
April 182 0.61
May 33 0.97
June 363 1.22
12 months 407¢ 1.04 x 10°°
MPC (Table 11, Column 1) « x 10
2 MPC 26%

Note: (1) After suthorized dilution facter (3000).



TABLE H-2
Y OF I0ACTIVE SOLID WASTE SHI1 F Y 1985
UNITS SHIPMENT {1 TOTAL
1. Solid waste packaged Cubic 120 120
Feet
2. Total activity (irradiated (C1) 0.067 0.0./
components, ion exchange
resins, etc.)
6Cco, gr, 333,
65Zn. etc.
3. (a) Dates of Shipment 3/26/85
(b) Disposition to licensee Radiation
for burial Service

Organization
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MIT RESEARCH REACTOR
ANNUAL REPORT TO
UNITED STATES NUCLEAR REGULATORY COMMISSION

FOR THE PERIOD JULY 1, 1985 - JUNE 30, 1986

Introduction

This report has been prepared by the staff of the Massachusetts
Institute of Technology Research Reactor for submission to the Admin-
istrator of Region 1, United States Nuclear Regulatory Commission, in
compliance with the requirements of the Technical Specifications to
Facility Operating License No., R-37 (Docket No. 50-20), Paragraph
7.13.5, vhich requires an annual report following the 30th of June of
each year,

The MIT Research Reactor (MITR), as originally constructed, con-
sisted of a core of MTR~type fuel, fully enriched in uranium=235 and
cooled and moderated by heavy water in a four-foot diameter core tank,
surrounded by a graphite reflector, After initial criticality on July
21, 1958, the firet year was devoted to startup experiments, calibra-
tion and a gradual rise to one megawatt, the initially licensed maxi-
mum power. Routine three-shift operation (Monday-Friday) commenced in
July 1959, The authorized power level was increased to two megawvatts
in 1962 and five megavatts (the design power level) in 1965,

Studies of an wmproved design were first undertaken in 1967, The
concept which was finally adopted consisted of a more compact core,
cooled by light water, and surrou.ded laterally and at the bottom by a
heavy water reflector, It is undermoderated for the purpose of maxi-
mizing the peak of thermal neutrons in the heavy water at the ends of
the beam port re-entrant thimbles and for enhancement of the neutron
flux, particularly the fast component, at in-core irradiation facili-
ties, The core is hexagonal in shape, 15 inches across, and utilizes
fuel elements which are rhomboidal 1n cross section and which contain
UALy intermetallic fuel 1n the form of plates clad in aluminum and
fully enriched in uranium=235., Much of the original facility, e.3.
graphite reflector, biological and therwmal shields, secondary cooling
systems, containment, etc., has been retained,

After Construction Permit No, CPRR~118 was issued by the former
U.S. Atomic Energy Commission in April 1973, major components for the
modified reactor were procured and the MITR-1 was shut down on May 24,
1974, having logged 250,445 megawatt hours during nearly 16 years of
operation,

The old core tank, associated piping, top shielding, control rods
and drives, and some experimental facilities were disassembled, re-
moved and subsequently replaced with new equipment, After propera-
tional tests were conducted on all systems, the U,S, Nuclear



Regulatory Commission issued Amendment No., 10 to Facility Operating
License No, R-37 on July 23, 1975, After initial criticality for
MITR-I1 on August léth, 1975, and several months of startup testing,
power was raised to 2.5 Md in December. Routine 5 M4 operation was
achieved in December 1976,

This is the eleventh annual report required by the Technical
Specifications, and it covers the period July 1, 1985 through June 30,
1986, Previous reports, along with the "MITR-II Startup Report"
(Report No, MITNE-198, February 14, 1977) have covered the startup
testing period and the transition to routine reactor operation, This
report covers the ninth full year of routine resctor operation at the
S M4 licensed power level, It was another year in which the safety
and reliability of resctor opeiration met the requirements of reactor
users,

A summary of operating experience and other activities and re-
lated statistical data are provided in the following Sections A-H of
this report,
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A, SUMMARY OF OPERATING EXPERIENCE
35 General

During the period cove.ed by this report (July 1, 1985 = June 30,
1986), the MIT Research Reactor, MITR-II, was operated on a routine,
five days per week schedule, normally at a nominal 5MW. It was the
ninth full year of normal operation for MITR-II,

The reactor averaged 75.4 hours per week at full pover compared
to 86,3 hours per week for rhe previous year and 90.3 hours per week
two years ago. The reactor is normally at power 90-100 hours/week,
but holidays, major maintenance, long experiment changes, waste ship-
ping, etc,, reduce the average, During the past year it was reduced
more than usual as the result of three week-long shutdowns for major
maintenance activities (described later), two Of them occurring at
Christmas and New Year's, The reactor routinely operates from late
Monday afternoon until late Fridar afternoon, with maintenance sched-
uled for Mondays and, as necessary, for Saturdays,.

The reactor was operated throughout the year with 24 o1 25 ele-
ments in the core., The remaining positions were occupied by irradia-
tion facilities used for materials testing and the production of
medical isotopes and/or by a solid aluminum dummy, Compensation for
reactivity lost due (o burnup was achieved through five refuelings of
several elements each, The first of these entailed the introduction
of three fresh elements to the core's intermediate fuel ring (the
B-ring). The others involved a continuation of the practice begun in
previous years in which partially spent elements that had been origi-
nally removed from the B-ring were gradually i1ntroduced to the C-ring
to replace fully spent elements, These procedures were combined with
many element rotations/inversions, the objective of wvhich was to mini~
mize the effects of radial/axial flux gradients and thus achieve
higher average burnups,

The MITR-I1 fuel management program remains quite successful,
All but seven of the original MITR-IIl elements (445 grams U-235) have
been permanently discharged, The average overall burnup for the dis~
charged elements was 423, Of the remaining seven elements with the
445 gram loading, six will reach maximum depletion within the next few
months, Thirty=six of the nev elements (506 grams U-235) have been
introduced to the core., Of them, three have attained the maximum al-
lowed fission density, Wowever, these may be reused 1f that limit 1s
increased as would seem warranted based on metallurgical studies by
DOE., As for the other cthirty-three new elements, they are either cur=
rently in the reactor core or have been partially depleted and are
awaiting reuse in the C-ring,

The continued delays in the availability of a licensed cask from
DOE are of increasing concern, Specifically, our 1nadbility to ship
spent fuel 18 causing our total fuel i1aventory to approach our author-
ized possession limit and 1s forcing wus to deviate from our normal
fuel cycle 1n that:
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(1) The inventory of partially spent elements is now substan~
tially below normal, This is making it difficult to convert
from one core configuration to another,

(2) 1Inability to bring in fresh fuel and to place it in the A
and B-Rings of the core may necessitate premature C-Ring re~
fuelings in order to obtain sufficient resctivity for con-
tinued operation, This will result in lower overall burnups
and ultimately increase our need for sdditional fuel,

Finally, it should be recognized that 1f casks continue to be unavail=-
able, we will have to request a reinstatement of part or all of our
previous license limit for possession of U~235 in order to continue
operation,

Protective system surveillance tests are conducted on Friday
evenings after shutdown (about 1800), on Mondays, and on Saturdays as
necessary,

As 1n previous years, the reactor was operated throughout the
period without the fixed hafnium absorbers, which were designed to
achieve a maximum peaking of the thermal neutron flux in the heavy
wvater reflector beneath the core, These had been removed in November
1976 in order to gain the reactivity necessary (O support more in-core
facilitaes,

) Experiments

The MITR-I1 was used throughout the year for experiments and
irradiations in support of research and training programs at MIT and
elsevhere,

Experiments and irradiations of the following types were conducted:
a) Neutron diffraction spectrometer alignment and studies (3 ports),

b) The production of M¥ssbauer sources by the irradiation of Gd-160
and Pt=196 for studies of nuclear relaxation of Dy=161 in G4 and
for the investigation of the chemistry and structure of gold com~

pounds,

¢) Irradiation of biological, geological, oceanographic, and wedical
specimens for neutron activation analysis purposes,

d) Production of gold=198, dysprosium=165, and chlorine-38 for medi-
cal research, diagnostic and therapeutic purposes,

e) Irradiation (1) of tissue specimens on particle track detectors
for plutonium radiobiology, and (11) of geological samples for
fissile element distribution,

f) Irradiation of amorphous hydrogenated silicon (a=Si1:H) to produce
some phosphorous 1n order to study the effect of such donor atoms
on the properties of a-Si:N,
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g) Use of the facility for reactor operator training.
h) Irradiation damage studies of candidate fusion reactor materials,

i) Fault detection analysis of the output of control and process
channels from the MIT Reactor as part of a study leading to
control of reactors by uce of fault-tolerant, digital computers.
This effort recently resulted in the demonstration of techniques
for reconfigurable control,

j)  Closed=loop direct digital control of reactor power using a shim
blade as well as the regulating rod during some steady-state and
transient conditions, A nevw relation, the alternate dynamic
period equation, was developed and used as the basis of a reactor
controller,

k) Experimental studies of various closed-loop control techniques
including rule-based control and the wuse of reactivity con-
straints,

1) Development and experimental evaluation of several new techniques
for the measurement of reactivity,

m) Measurements of the energy spectrum of leakage neutrons using a
mechanical chopper in a radial beam port (4DHI1), Measurements of
the neutron wavelength by Bragg reflection then permits demon-
stration of the DeBroglie relationship for physics courses at MIT
and other universities,

o) Detection of trace quantities of fissile nuclides using a dulayed
neutron detector,

Changes to Facility Design

As indicated in past reports the uranium loading of MITR-II fuel
has heen increased from 29.7 grams of U-235 per plate and 445 grams
per element to & nominal 34 and 510 grams respectively. With the ex-
ception of three elements that were found to be out-gassing exces~
sively performance has been good, (Please see Reportable Occurrence
Reports Nos. 50-20/79<4, 50-20/83-2 and 50-20/85-2.) The heavier
loading results in 41.2 w/o U in the core, based on 7% voids, and
corresponds to the maximum loading 1in Advanced Test Reactor (ATR)
fuel, The wmost recent fuel fabricator, Atomics International Division
of Rockwell International, completed the production of 41 of the more
highly loaled elements, 36 of which have been used to some degree,
Three with about 373 burnup were 1n operation in the core starting in
January 1980 and were discharged last year, since they had attained
the burnup limit, Additional elements are nov being fadbricated by
Babcock & Wilcox, Navy Nuclear Fuel Division,

The MITR staff has been following with interest the work of the
Reduced Enrichment for Research and Test Reactors (RERTR) Program at
Argonne National Laboratory, particularly the development of advanced
fuels that will permit uranium loadings up to eseveral times the
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current wupper limit of 1.6 grams total uranium/cubic centimeter,
Consideration of the thermal-hydraulices and reacior physice of the
MITK=I1 core design show that conversion of MITR-II fuel to lower
enrichment wmust avait the successful demonstration of the proposed
advanced fuels,

Other changes in the facility are reported in Section E,

4, Changes in Performance Characteristics

Per formance characteristics of the MITR-I1 were reported in the
“MITR-I1 Startup Report", Minor changes have been described in pre-
vious reports, There were no changes during the past year,

S. Chan

There were no amendments to the Facility Operating License during
the last year,

MIT has received approval of i1ts application for renewval of
License No. SNM-986, This license covers kilogrem quantities of
slightly enriched U-235, normal and depleted U, ind grem quantities
of Pu, Other licenses covering smaller quantities of similar material
have been combined with License SNM-986., The MIT Reactor 1s involved,
because most of the SNM 1s stored on the reactor site, and much of 1t
1s used on the reactor in accordance with authorized experiment review
and approval procedures,

Quality Assurance Program Approval for Radioactive Material Pack-
ages No, 164, Rev, |, was reneved on June 20, 1986 (Rev, 3), This Ap-
proval 1s required for the shipment of (1) Type B quantities of radio~
sctive waterial and (2) fissile mate-ial above exempt quaniities, In
order to renev the Approval, 1t was necessary to update SAR Chapter
11, "Quality Assurance Program", which supports Approval No, 164,
Chapter 11 was changed as follows (SR #0-86-4):

1) References to paragraphs in 10 CFR, Part 71, "Packaging and
Transportation of Radioactive Material, were updated to te-
flect changes in that Part since Chapter 1l was submitted
five years earlier.

2) References to the Co-Director for Reactor Modification were
deleted, since they are no longer applicadle,

1) In paragraph 11.15, "Non-Conforming Material, Parts or Com=
ponents", the granting of waivers from material or fabrica-
tion specifications 1s explicitly recognized,

4) Fig. 11.1=]l was updated to reflect the fact that the Machine
Shop foreman now reports to the Director, Nuclear Reactor
Laboratory.

5) Editorial improvements were made,
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With respect to operating procedures subject only to MITR inter~
nal reviev and approval, a summary of those related to safety 1s given
below:

a) In order to satisfy the surveillance requirements established by
the nev Technical Specification #6.4 (Amendment No. 24 to Facility
Operating License No, R-37, April 2, 1985), Procedure ..7,1, "Shim
Blade Digital Centrol System Surveillance", was prepared an' approved.
It provides for (1) the periodic measurement of differentia)l and inte-
gral control blade worths, (2) functional check of the aux.'iary per-
10d trip prior to use of rthe closed=-loop digital contrsy system for
shim blades, (3) annual calibration of the digital system softwvare's
recording of blade position against the actual blade posicion, and (4)
preparation of a quarterly procedure to check the speed limiter on a
variable speed motor if one i1s ‘netalled and used on a shim blade a»
part of the digital control, (SREO-85-15)

b) As e result of a recommendation contained in the independent
audit '« MITR operations and endorsed by the MITR Safeguards Commit~
tee, Frocedure 1,14.3, "Equipment Tagout Procedure", was revised to
incorp.rate a lockout procedure in a nev "Equipment Tagout and Lockout
reocedury"  (SRIO-B5-17)

¢) The original conductance probe that provides a scram signal for a
low level in the core tank was replaced by a float-type switch, A
description of the switch was prepared for inclusion in section 6.5,.1
of the Reactor Svstems Manual, and a precedure was written for inclu~
sion in P 3.1.1.1.2, the reactor instrumentation startup checklist.
(SR#0-85-18)

d) Procedu.e 7.1.5, "Damper Accumulators Charging and Actuator In=
spection Procedure, Main Damper = Auxiliary Damper Inspection", was
revised to reguire annual replacrment of the hydraulic o1l filter,
T™is requirement was adopted following failure of the isolation valve
to close on demand, as reported in Reportable Occurrence Report #85-3,
(SRID-85-19)

e) The “"Schedule of Surveillance Tests and Calibrations", Procedure
7.3.1, was revised to include Procedure 6.5,13, "Shield Storage Tank
Level Calibration" (estadblished by SRA0-B5-5 last year) and Procedure
6.7.1, “Shaim Blade Digital Control System Surveillance" (item (a)
above), (SRPO-B5-21)

f) Procedure 4.4.4.16, "Instructions to the MIT Campus Police During
MIT Reasctor Radiological Emergencies”, was revised to clarify the in-
structions (no substantive changes). (SR #0-85-22)

g) The emergency uperating plans and procedures were updated to meke
explicit the requirement to identify the class of emergency and to
delete the now redundant correlation in Table 4,.7.3.4<1., In Plan Y,
PM 4.4.4.14, the list of area occupants is updated, (SR#0-85-23)



h)  Procedure 1,10, "Experiment Review and Approval", was revised to
require explicitly the review of criticality considerations for in-
reactor samples, and Procedure 1,18, "Audite", was revised to require
an administrative audit of SNM criticality safety., (SRPO-86-]1)

i) In Procedure 5.8.9, "Malfunction of a Shim Blade/Regulating Rod",
the discussion of possible blade/rod malfunctions was clarified, and
the erroneous operation of a blade drive motor was specifically listed
a8 a reason for scramming the reactor along with a requirement to Jlol=
low the approved restart procedure, (SRID-86-2)

§) In Procedure 6.1.1, "Emergency Cooling Systea", the revalving
necessary to check the op..ability of the system and to measure its
discharge rate was clarified, and explicit precautions were added to
preclude the possibility of flowing city waster into the core tank,
(SRIO-86-3)

k) The Emergency Plan (PM 4.7.2), three Emergency Procedures (PM
G.4.4,164, P 4,4,4,15 and PM 4 .4.4,.16) and an Abnormal Operati g Pro-
cedure (PM 5.6,2) were revised to implement changes requested by the
MIT Reactor Safeguards Committee at its December 1985 wmeeting
(SREO-B6-6):

1) The effluent release criterion for determining action levels
was clarified,

2) Cambridge Civ.l Authority titles were up-dated,

3) Operating instructions for the survey air sampler were clar=-
1fied,

1) In accordance with a requirement of SNM License No, 986, as
renewed on November 13, 1985, chat the MIT Reactor Safeguards
Committee meabership collectiveiy have the capability to review
eriticality safety including non-reactor applications, the MITRSC
Charter was revised accoidingly, (SR#O-86-7)

m) Procedure 2.7.1, "Receipt of Reactor Fue!™, was clarified to make
clear that the shipper of fuel 1s responsible for providing in-
transit security, (SR#O-86-8)

n) The checklist used for Procedure 6.1.2,1, "Building Pressure
Test", was revised s0 that both phases of the test were conducted
with the truck lock inner door sealed. Both because of a sus~
pecied leak in the truck lock itwelf and because the outer door
was therefore not tested, the 1aner door must be sealed during
reactor operation until the leak 1is repaired and the lock and
outer door tested. (QA#D-86~])

o) Miscellaneous minor changes to operating procedures and (o equip~
ment were approved and implemented throughout the year,



nsy
test
be mer 1in
requirements
'8 aAre ~
t that
tests and cal
juarterly basis

each time before start

yurs, before startup 1

and at least monthly,

1 ar e




}.  KEACTOR OPERATION

Information on energy generated and on reactor operating hours 1is
tabulated bdelow:

Quarter Total
1 2 3 -

1, Energy Generated (MWD):

a) MITR-11 (MIT FY86) 171.9 17131 159.4 1627 667, 1
(normally at 4.9 W)

b) MITR-I1 (MIT FY76-85) 7,763.7

¢) MITR=1 (MIT FY59-74) 10,435.2

d) Cumulative, MITR-I 18,866.,0

& MITR-II

2. Hours of Operation MIT
FY1986, MITR-II

a) At Power (20,5 W) 1,021.9 932.9 978.2 985.7 13,9187
for research

b) Low Power ((?ﬁ . 55.6 54.2 55.6 30.4 195.8
for training

and test
¢) Total critical 1,077,% 987,1 1,033.8 1,016,1 4,114.5
Note (1): These hours do not include veactor operator and other

training conducted while the reactor is at full power for
rasearch purposes (spectrometer, ete,) or for isotope
production, Such hours are included in previous line,



C.  SHUTDOWN AND SCRAMS

During the period of this report there were 14 inadvertent scrams
and 13 unscheduled power reductions,

T™he term “scram" refers to shutting down of the reactor through
protective system action when the reactor is at power or at least
critical, while the term "reduction" or "shutdown" refers to an
unscheduled power reduction to low power or to subcritical by the
reactor operator in response to an abnormal condition indication, Rod
drops and electric power loss wilhout protective system sction are
included in shutdowns.

The following summary of scrams and shutdowns is provided in
approximately the same format as for previous years in order to
facilitate a comparison,

I. Nuclear Safety System Scrams Total

a) Chan, 6 scram due to failure to raise

trip before opening thermal column steel doors 1
b) Blade 6 dropped off while magnet current was
being adjusted 1

¢) Blade 3 dropped off while being calidbrated
due to dirty contacts on the period simulator

receptacle l
d) Withdrav permit open on relay fairlure 1
e) Withdrav permit open for no apparent cause l
f) Dump valve relay failure 2
g) Low voltage on detector power supply 2
Subtoctal
I1. Process Systems Scrams
a) High Temperature Reactor Outlet scram
vhile operating too close to trip point 2
b) Farlure of relay associated with secondary
coolant pumps 1
¢) Loose connection in secondary flow scram circuit 1
d) Sisultaneous deflation of both gaskets on
main personnel lock due to interlock walfuction !
Subtotal  §



{11, Unscheduled Shutdowns ¢t Pover Reductions

a)  Shutdowns due to Electric Company power loss 4

b)  Operator shut reactor down due to:

i)  Imminent arrival of Murricane Gloria 1
i1)  Failure of plenum gac # monitor 2
111)  Reduction in compressed air pressure
for main personnel lock i
¢) Operator lowered power (o investigate:
i) Low pressure in the helium supply at an
irrediation thimble 2
11)  Malfunction of plenum particulate monitor 1
1) Trip of secondary booster pump caused by
defective controller contacts 1
d) Operated at 2.5 MW to permit repair of broken
drain line for cooling tower riser pipe 1
Subtotal 19
Total )

The scrams and shutdowns during FY 86 compare wath the 10, 19,
25, and 28 experienced in FY B85, FY B4, FY B) and FY 82 respectively,
The increase in FY 86 1s due both to outside sources (power loses and
hurricane) and to component aging., Relay failures have bdeen a fre-
quent cause, and selective replacements are nov being made in an
effort to reduce the number of such failures,
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Major maintenance projects during FY86, including the effect, 1f
any, on safe operation of the reactor, are described in this section,

FY86 sav a continuation of the efforts in restoring the cooling
towvers closer to their original performance levels. The underground
valves to the cooling tower basins had ceased o operate due to age,
Replacement of these valves was initiated in FYBS and completed in
FY86, There were a total of 2 eight inch, 2 six inch, and 2 three
inch butterfly valves, New screens were fabricated and installed to
cover openings at the bottom of the cooling towers and around the
basine, The screens prevent dedris and large objects from falling in-
to the basins and fouling the system, The coupling on the shaft of
cooling tower fan nunder one failed and was replaced., The sprinkler
system for protection against fire on both cooling towers had devel-
oped an air leak, Due to old age, the entire system, including the
piping and nozezles that are exposed to weather, was replaced. As a
means of i1mproving the heat rejection capability, both basins were
drained and cleaned, the entire secondary system was drained, and all
three main heat-exchangers were chemically flushed with hydrogen per-
oxide 30 as to remove the build-up of bio-deposits and other pollu-
tants 1n the secondary system,

One of the main heat exchangers, HE~IA which developed a leak in
FYSS, was completely decoupled from the primary system and i1solated on
the secondary system side, Leak testing on the heat exchanger was in-
itiated and 1s still in progress. Heat exchanger integrity is neces-
sary to prevent potential fission products or other radiocactivity from
entering the secondary system,

The gaske(s on the ma:n intake damper, main exhaust “amper, and
the auxiliary exhaust damper were replaced as the result of conditions
noted during & semi-annual damper inspection., The pillar block bear-
ings on the main shaft of the exhaust fan developed noise and caused
abnormal vidbration, They were replaced, The intake fan motor was
aleo replaced when it showed signs of bearing failure, The flexible
expansion joints of the intake air plenum at both the suction and dis-
charge of the intake fan had deteriorated and were replaced, An o1l
filter, similar to the one in the intake damper system for cloaning
the hydraulic oil, was added to the exhaust damper hydraulic system 0
a8 to remove the debris which may have accumulated in the system over
time and which might prevent closure of the damper, as happened with
the intake damper (see Reportable Occurrence Report No, 85-3). The
hydrau'ic system for the main personnel outer door was disassesbled
and rebuilt after seeing signs of sluggish performance during normal
usage,

A compensated 1on chamber (Channel 7 of the nuclear instrumenta-
tion) which is used for power level indication throughout the source
range and the power range showed signs of breakdown at voltages above
the operating value, The chamber was replaced with another three inch
compensated ion chamber, The port plug for this chamber was rede-
signed to allow easy repositioning of the chamber within the shielding
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after installation, The new design also incorporates a lead shield in
front of the chamber #0 as to compensate for some of the effects due
to gamma radiation, Neutron shields wvere added to some of the bean
ports on the reactor floor in an effort to reduce further the
beckground level for the spectrometers usad for physics experiments,

While performing the on-going preventive maintenance procedure on
the control blade magnets, the magnet on control blade number 5 was
identified as weak and was replaced, Preventive maintenance was also
performed on the exterior of the containment shell, The paint on the
the top section of the shell was mechanically removed and repainted
with coats of red lead and the finishing paint, The wind speed and
wind direction indicators were damaged in & hurricane during the year,
The wind vane and the wind velocity indicator were replaced,

Many other routine maintenance and preventive maintenance jobs
vere done throughout the year,
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E.  SECTION 50.39 CHANGES, TESTS AND EXPERIMENTS

This section contains a description of each change to the facili~
ty or procedures and of the conduct of tests and experiments carried
out under the conditions of Section 50,59 of 10 CFR 50, together with
& summary of the safety evaluation in each case,

The review and approval of changes in the facility and in the
procedures as described in the SAR are documented in the MITR records
by means of "Safety Reviev Forms", These have been paraphrased for
this report and are identified on the following pages for ready refer-
ence 1f further information should be required with regard to any
item, Pertinent pages in the SAR have been or are being revised to
reflect these changes, and they will be forwarded to the Chief, Stan~
dardigation and Special Projects Branch, Division of Licensing, USNRC,

The conduct of tests and experiments on the reactor are normally
documented 1n the experiments and irradiation files, For experiments
carried out under the provisions of 10 CFR 50,59, the reviev and ap~
proval 1s documented by means of the Safety Review Form, All other
experiments have been done in accordance with the descriptions pro-
vided in Section 10 of the SAR, "Experimental Facilities",

For the past year the only facility changes and experiments car-
ried out wunder Section 50,59 were i1n connection with the digital
closed~loop computer control project described on the following pages:




SRO-M-81-3 (11/17/81), M-B1=4 (12/10/81), E-82-2 (01/08/82),
£-A2-3 (02/24/82), E-82-4 (03/03/82), ©E-82-5 (04/14/82), E-82-6
(07/13/82), 0-83-5 (02/03/83), E-83~1 (02/08/8)), 0-83-12 (04/23/8)),
0-83-20 (07/20/83), O-B4-11 (06/25/84), O0-84-12 (07/12/84), 0-B4-16
(12/6/84), 0-84-21 (11/1/84), 0-85-11 (5/9/85), 0-85-13 (6/28/8%),
O-,S;l‘ (7/12/85), 0-85-20 (8/16/85), 0-835-25 (12/1/85), 0-85-26
12/1/8%).

A joint project involving computer analysis, signal validation of
date from resctor instruments, and closed-loop control of the MIT Re-
sctor by digital computer was continued with the Charles Stark Draper
Laboratory in Cambridge., A non-linear supervisory algorithm has been
developed and demonstrated. It functions by restricting the net reac~
tivity so that the reactor period can be rapidly made infinite by re-
versing the direction of control rod motion, It, combined with the
signal validation procedures, insures that there will not be any chal-
lenge to the reactor safety system while testing closed-loop control
methods, Several such methods, including decision analysis, rule-
based control, and modern control theory, continue to be experimental-~
ly evaluated, The eventual goal of this program is to use fault-
tolerant computers coupled with closed~-loop digital control and signal
validation methods to demonstrate the improvements that an  be
achieved in reactor control,

Each nev atep in the program is evaluated for safety in accor~
dance with standard review procedures (Safety Review numbers listed
above) and approved as necessary by the MIT Reactor Safeguards Commit~
tee,

Initial tests of this digital closed-loop controller were con-
ducted in 1983-1984 using the facility's regulating rod which was of
relatively low reactivity worth (0,23 AK/K), Following the successful
completion of these tests, & facility operating license amendment was
submitted to NRC (January 11, 1985) that would:

(1) permit closed=-loop control of one or more shim blades
and/or the regulating rod provided that no more than
1.8% AR/K could be inserted were all the connected con-
trol elements to be withdrawn,

(2) permit closed-loop control of one or more shim blades
and/or the regulating rod provided that the overall
controller is designed s0 that reactivity 1is ¢one
strained sufficiently to permit control of reactor
power within desired or surhorized limits,
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F.  ENVIRONMENTAL SURVEYS

Environmental surveys, outside the facility, were performed using
area monitors, The systems (locrted approximately in a 1/é-mile
radius from the reactor asite) consist of calibrated G. M., detectore

with associated alectronics and recorders.

The detectable radiation levels due to argon-4] are listed below:

Site

North
South
East
West

Green (East)

Fiscal Year'y Averages:

1978
1979
1980
1981
1982
1933
1984
1988

1986

1.9 mR/year

1.

3

v

2.
20

b
3

2.1

i,

nk/year
R/ year
mR/ye ¢
ok year
ok/tear
uk/ year
R/ year

uR/ year

85 - June 3 986

0.4 nR/year
2.1 mR/year
6.0 mR/year
0.4 mR/year

0.2 mR/year
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G.  RADIATION EXPOSURES AND SURVEYS WITHIN THE PACILITY

A summary of radiation exposures received by facility personnel
and experimenters is given below:

P 7 3 -6

xposure Renge (R No. of Personnel

Bo Maout@ 0. cccsrvrsssvrsnsnsnrsssnsssssnssnssald
Measurable = Exposure less than 0.1, .. .ovvvvvv. 68
) = 0.9 ciivnnvssnnnenninssnsnnsessnnrsssnnns®
.23 = 0u8iciicncvinnnnntnrsnnnnentsnsneassssnied®
0.9 = 0u00iivinessnsntancnronosssensnasnnsnssnnnsd
0.7 = Li0iisvnnvsvosnnnsnosnvassnnnnssssnsssnsecd
I Personnel - 16 0 Man Rem ~ .

Summary of the results of radiation and contamination surveys
from July 1985 to June 1986

During the 19851986 period, the Reactor Radiation Protection
Office continued to provide radiation protection services for
full=-power (5 megavatts) operation of the reactor, Such services
(performed on a daily, weekly, or moathly schedule) include the
following:

e Collection and inalysis of air samples taken within the
containment shell, and 1n the exhaust-ventilation system,

2. Collection and analysis of air eemples taken from the
cooling towvers, D0 system, waste estorage tanks, shield
coolant, heat exchangers, fuel storage facilily, and the

primary system,

3. Performance of vradiation and contamination surveys,
radiuretive waste collection, calidbration of reactor
radiation monitoring systems, and servicing of radiation
survey meters,

s, T™e providing of radiation protection services for contrel
rod removal, spent-fuel element <ctransfers, 1on column
removal, ete,

The results of all surveys described above have been within the
guidelines established for the facilaty,




H.  RADIOACTIVE EFFLUENTS

This section jummarizes the nature and amount of liquid, gaseous
und s0lid radiocactive wastes released or discharged from the facility,

8 Liquid Waste

Liquid radioactive wastes generated at the facility are dis-
charged only to the sanitary sewer serving the facility. ‘here were
three sources of such wastes during the year: the cooling tower blow=
downs; the liquid waste storage tanks; and laboratory drains., All of
the liquid volumes are measured, by far the largest being the
3,970,0C liters discharged during FY 1986 from the cooling towers.
(Larger quantities of non-radioactive waste water are discharged to
the sanitary sewer system by other parts of MIT, but no credit for
such dilution is taken since the volume 15 not routinely measured,)

All releases were 1in accordance with Technical Specification
3,8-1, including Part 20, Title 10, Code of Federal Regulations,
There are no reportable radionuclides inasmuch as all activities were
substantially below the limits specified in 10 CFR 20.303 and 10 CFR
20, Appendix B, Note 5,

25 Gaseous Waste

Gaseous cadioactivity 18 discidrged to the atmosphere from the
containment building exhaust stack and by evaporation from the cooling
towers. All gaseous releases likewise were in accordance with the
Technical Specifications and Part 20, and all nuclides were below the
limits of 10 CFR 20,106 after the authorized dilution factor of 3000,
Also, all were substantially below the limits of 10 CFR 20, Appendix
B, Note 5, with the exception of argon=41, which is reported in the
following Table H-1, The 13797 Ci of Ar-4] were released at an average
concentration of 1.05 x 10" C1/ml for the year. This represents 262
of MPC (4 x 1077 uCi/m!" and 18 about the same as the previous year's
release,

. $oli1d Waste

Only one shipment of solid waste was made during the year, infor-
mation on which 1s provided in the following Table H-2,



TABLE H-]

ARGON-4]1 STACK RELEASES

FISCAL YEAR 1986

Ar-41 Average
Discharged Concentration(l)
(Curies) (uCi/ml)
July 1985 384 1.03 x 1078
August 314 1.05
September 337 1.19
Ocrober 417 1.28
November 306 1.03
December 274 1.23
January 1986 297 1.00
February 303 1.02
March 343 1.15
April 281 0.76
May 242 0.81
June 239 0.80
12 months 1797 1,05 x 1078
MPC (Table II, Column 1) 4 x 108
1 MPC 262

Note: (1) After auth-rized dilution factor (3000).
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TABLE H-2

SUMMARY OF MITR RADIOACTIVE SOLID WASTE SHIPMENTS

FISCAL YEAR 1986

Units Shipment #1 Total
1. Solid waste packaged Cubic 75 75
‘ Feet

2. Weight Pounds 2336 2336
3. Total activity (c1) 0.097 0.097

(irradiated components,

1gn exchange tesins, etc. )

L1 ) Lip : 58 8y,

SSZn, etc,
4, (a) Dates of Shipment 5/22/86

(b) Disposition to Radiac

licensee for burial
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MIT RESEARCH REACTOR
ARNUAL REPORT TO
UNITED STATES NUCLEAR REGULATORY COMMISSION

FOR THE PERIOD JULY 1, 1986 - JUNE 30, 1987

Introduction

This report has been prepared by the staff of the Mavsachusetts
Institute of Technology Research Reactor for submission to the Admin-
istrator of Region 1, United States Nuclear Regulatory Commission, in
compliance with the requirements of the Technical Specifications to
Facility Operating License No. R-37 (Docket No. 50-20), Paragraph
7.13.5, which requires an annual report following the 30th of June of
each year.

The MIT Research Reactor (MITR), as originally constructed, con-
sisted of a core of MTR-type fuel, fully enriched in uranium=-235 and
cooled and moderated by heavy water in a four~foot diameter core tank,
surrounded by a graphite reflector. After initial criticality on July
21, 1958, the first year was devoted to startup experiments, calibra-
tion and a gradual rise to one megawatt, the initially licensed maxi~-
mum power. Routine three-shift operation (Monday-Friday) commenced in
July 1959, The authorized power level was increased to two megawvatts
in 1962 and five megawatts (the design power level) in 1965,

Studies of an improved design were first undertaken in 1967, The
concept which was finally adopted consisted of a more compact core,
cooled by light water, and surrounded laterally and at the bottom by a
heavy water reflector, It is undermoderated for the purpose of maxi-
mizing the peak of thermal neutrons in the heavy water at the ends of
the beam pocrt re-entrant thimbles and for enhancement of the neutron
flux, particularly the fast component, at in-core irradiation facili-
ties. The core is hexagonal in shape, 15 inches across, and utilizes
fuel elements which are rhomboidal in cross section and which contair
UAL, intermetallic fuel in the form of plates clad in aluminum and
fully enriched in uranium=235, Much of the original facility, e.g.
graphite reflector, biological and thermal shields, secondary cooling
systems, containment, etc., has been retained.

After Construction Permit No, CPRR-118 was issued by the former
U.§, Atomic ®nergy Commission in April 1973, major components for the
modified reactor were procured and the MITR-I was shut down on May 24,
1974, having logged 250,445 megawatt hours duriug nearly 16 years of
operation,

The cld core tank, associated piping, top shielding, control rods
and drives, and some experimental facilities were disassembled, re-
moved and subsequently replaced with new equipment, After preopera-
tional tests were conducted on all systems, the U.S. Nuclear
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Regulatory Commission issued Amendment No., 10 to Facility Operating
License No. R-37 on July 23, 1975, After initial criticality for
MITR-II on August l4th, 1975, and several months of startup testing,
power was raised to 2.5 MW in December. Routine 5 MW operation was
achieved in December 1976,

This is the twelfth annual report required by the Technical
Specifications, and it covers the period July 1, 1986 through June 30,
1987, Previous reports, along with the '"MITR-II Startup Report"
(Report No., MITNE-198, February 14, 1977) have covered the startup
testing period and the transition to routine reactor operation. This
report covers the tenth full year of routine reactor operation at the
S5 MW licensed power level., It was another year in which the safety
and reliability of reactor operation met the requirements of reactor
users.

A summary of cperating experience and other activities and re-
lated statistical data are provided in the following Sections A-H of
this report.
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SUMMARY OF OPERATING EXPERIENCE

General

During the period covered by this report (July 1, 1986 = June 30,
1987), the MIT Research Reactor, MITR-II, was operated on a routine,
five days per week schedule, normally at a nominal 5MW. It was the
tenth full year of normal operation for MITR-II.

The reactor averaged 80,1 hours per week at full power compared
to 75.4 hours per week for the previous year and 86,3 hours per week
two years ago., The reactor is normally at power 90-100 hours/week,
but holidays, major maintenance, long experiment changes, waste ship-
ping, etc., reduce the average. During the past year it was reduced
more than usual as the result of (wo week-long shutdowns for major
maintenance activities (described later), one of them occurring at New
Year's and one later in April., The reactor routinely operates from
late Monday afternoon until late Friday afternoon, with maintenance
scheduled for Mondays and, as necessary, for Saturdays.

The reactor was operated throughout the year with 25 elements in
the core, The remaining positions were occupied by irradiation facil-
ities used for materials testing and the production of medical iso-
topes and/or by a solid aluminum dummy. Compensation for reactivity
lost due to burnup was achieved through seven refuelings of several
elements each, The first of these entailed the introduction of three
low burnup elements to the core's intermediate fuel ring (the B-ring).
The others involved a continuation of the practice begun in previous
years in which partially spent elements that had been originally
removed from the BR-ring were gradually introduced to the C-ring to
replace fully spent elements, These procedures were combined with
many element rotations/inversions, the objective of which was to mini-
mize the effects of radial/axial flux gradients and thus achieve
higher average burnups. An additional refueling was performed for
removal of the one inch in-core facility so as to facilitate the
design and installation of a new loop research project.

The MITR-I1 fuel management program remains quite successful,
All of the original MITR-II elements (445 grams U-235) have been per-
manently discharged., The average overall burnup for the discharged
elements was 42%, The maximum overall burnup achieved was 482,
Thirty=six of the newer, higher loaded elements (506 grams U-235) have
been introduced to the core., Of them, three have attained the maximum
allowed fission density. However, these may be reused if that limit
is increased as wuld seem warranted based on metallurgical studies by
DOE., As for the other thirty=three new elements, they are either cur~
rently in the reactor core or have been partially depleted and are
awaiting reuse in the C-ring.

The availability of a licensed spent fuel shipping cask from DOE
is again delayed this year, Although the c~sk is expected to be
licensed later on this year, the delay has thus far caused our total
fuel inventory to approach t(he authorized possession limit and con-
tinues to force us to deviate from our normal fuel management practice
in that:




(1) The inventory of partially spent elements is now substanti-
allv below normal. This is making it difficult to convert
from one core configuration to another.

(2) 1Inability to bring in fresh fuel and to place it in the A
and B-Rings of the core may necessitate premature C-Ring re-
fuelings in order to obtain sufficient reactivity for con-
tinued operation, This will result in lower overall burnups
and ultimately incr:ase our need for additional fue..

Finally, it should be recognized that if casks continue to be unavail-
able, we will have to request a reinstatement of part or all of our
previous license limit for possession of U-235 in order to continue
operation,

Protective system surveillance tests are conducted on Friday
evenings after shutdown (about 1800), on Mondays, and on Saturdays as
necessary,

As in previous years, :he reactor was operated throughout the
period without the fix»d lLafnium absorbers, which were designed to
achieve a maximum peaking of the thermal neutron flux in the heavy
water reflector beneath the core. These had been removed in November
1976 in order to gain the reactivity necessary to support more in-core
facilities.

Experiments

The MITR-II was wused throughout the year for experiments and
irradiations in support of research and training programs at MIT and
elsewhere,

Experiments and irradiations of the following types were conducted:

a) Neutron diffraction spectrometer alignment and studies (3 ports).
In particular, the study of (he use of pendellssung oscillations
in the scattering of neutrons inside perfect crystals to greatly
enhance the effect of spin-orbic contribution to high-energy
neutron=nuclear scattering is being carried out by the neutron
diffraction group.

b) The production of Mossbauer sources by the irradiation of Gd=160
and Pt-196 for studies of nuclear relaxation of Dy-+16] in G4 and
for the investigation of the chemistry and structure of gold com~
pounds,

¢) Irradiation o archaeological, envirormental, engineering materi=-
als, biological, geological, oceanographic, and medical specimens
for neutron activation analysis purposes.

d) Production of gold~-198, dysprosium=165, aud holmium=-166 for medi-
cal research, diagnostic and therapeutic purposes,

e) Irradiation of tissue specimens on particle track detectors for



plutonium radiobiology.

f) Irradiation of semi-conductors to determine resistance to high
doses of fast neutrons.

g) Use of the facility for reactor operato: training.

h) Irradistion of geological materials to determine quantities and
distribution of fissile materials using solid state nuclear track
detectors.

i) Fault detection analysis of the output of control and process
channels from the MIT Reactor as part of a study leading to
control of reactors by use of fault-tolerant, digital computers.
This effort recently resulted in the demonstration of techniques
for veconfigurable control.

j)  Closed=loop direct digital control of reactor power using a shim
blade as*well as the regulating rod during some steady-state and
transient conditions. A new relation, the alternate dynamic
period equation, was developed and used as the basis of a reactor

controller,

k) Experimental studies of various closed-loop control techniques
including rule-based control and the use of reactivity con-
straints,

1) Development and experimentsl evaluation of several new techniques
for the measurement of reactivity,

m) Measurements of the energy spectrum of leakage neutrons using a
mechanical chopper in a radial beam port (4DH])., Measurements of
the neutron wavelength by Brage reflection then permits demon-
stration of the DeRroglie relationship for physics courses at MIT
and other universities,

o) Detection of trace quantities of fissile nuclides in geological
material using a delayed neutron detector,

Two research projects that will make major use of the reactor in
the next and subsequent vears have been funded and are in various
stages of design and development, They did not actually make use of
the reactor during the year, although reactor support services, e.g.,
electrical power supply, were augmented in preparation for installa-
tion of experiments on the reactor in the coming year, The first pro-
ject is a dose reduction study for the light water reactor industry
vhich will involve the installation of pressurized 'sops in the reac~
tor core to investigate the chemistry of corrosion and the transport
of radioactive crud with systems that simulate PWR's and BWR's. The
second project is an extension of previous research to develop the
boron neutron capture method of therapy for brain cancer (glio=
blastoma). This is & collaborative effort with the Tufts University

New England Medical Centur,




. B Changes to Facility Design

Except for minor changes reported in Section E, no changes in the
facility design were made during the year, As indicated in past
reports the uranium loading of MITR-II fuel was increased from 29.7
grams of U=-235 per plate and 445 grams per element (as made by Gulf
United MNuclear Fuels, Inc., New Haven, Connecticut) to a nominal 34
and 510 grams respectively (made by the Atomics International Division
of Rockwell International, Canoga Park, California). With the excep-
tion of five elements that were found to be outgassing excessively,
performance has been good. (Please see Reportable Occurrence Reports
Nos. 50-20/79-4, 50-20/83-2, 5C-20/85-2, 50-20/86-1, and 50-20/86-2.)
The heavier loading results in 41.2 w/o U in the core, based on 7%
voids, and corresponds to the maximum loading in Advanced Test Reactor
(ATR) fuel. Atomics International completed the production of 41 of
the more highly loaded elements in 1982, 36 of which have been used to
some degree. Three with about 372 burnup were in operation in the
core starting in January 1980 and were discharged in 1985, sicnce they
had attained the burnup limit, Additicnal elements are now being
fabricated by Babcock & Wilcox, Navy Nuclear Fuel Division, Lynchburg,
Virginia. Three nf these have been received at MIT and are scheduled
for use early in the coming vear.

The MITR staff has been following with interest the work of the
Reduced Enrichment for Research and Test Reactors (RERTR) Program at
Argonne National Laboratory, particularly the development of advanced
fuels that will permit uranium loadings up to several times the recent
upper limit of 1,6 grams total uranium/cubic centimeter. Considera-
tion of the thermal-hydraulice and reactor physics of the MITR-II core
design show that couversion of MITR-II fuel tn lower enrichment must
avail the successful demonstration of the proposed advanced fuels,

4, Changes in Performance Characteristics

Performance characteristics of the MITR-I!l were reported in the
"MITR-I1 Startup Report'", Minor changes have been described in pre-
vious reports, There were no changes during the past year.

- P Changes in Operating Procedures Related to Safety

There were no amendments to the Facility Operating License during
the last year.

Quality Assurance Program Approval for Radioactive Material Pack-~
ages No, 164, Rev, !, was renewed on June 20, 1986 (Rev, 3)., This Ap-
proval is required for the shipment of (1) Type B quantities of radio-
active material and (2) fissile material above exempt quantities. In
order to renew the Approval, it was necessary to update SAR Chapter
11, "Quality Assurance Program", which supports Approval No, 164, The
changes to Chapter 1l were minor and were described in last year's
Annual Report., Chapter 11, as revised, was submitted to USNRC on
April 7, 1987 as Safety Analysis Report Revision No. 33 for the pur~
pose of updating that document,
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With respect to operating procedures subject only to MITR inter-
nal review and approval, a summary of those related to safety is given
below:

a) Evacuation maps for the reactor office building (NW12) were up-
dated and improved to include clearer and more direct evacuation paths
as well as a description of the sound of evacuation signals.

(SR #0-85-24)

b) In an effort to improve scheduling and bookkeeping of routine
preventive maintenance, a set of thirteen checklists were established
to cover the routine maintenance performed year round. The weekly
checklist covers items that need to be checked frequently and the
twelve monthly checklists cover items that need to be serviced at a
longer but regular interval. (SR #0-86-10)

¢) Procedure 4.4.5.1, "Inetructions for Use of Utility Room
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