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February 9, 1988
i

e

!"i Nuclear Reculatary Commission
%gion I
M1 Park Avenue
P.ing of Prussia PA 19406

\ttentlun: !!s. 11etsy Ulrich

Imor !!s. Ulrich:

;e
Enclosed is the summary report prepared by Mitch Galanek on all actf vities

involved in the apparent extremity over-exposure initially reported by me on
12/3/87. Note that the operation that is most significant in this istiue is ,

that involving the rabb,it studies in which 10 mci of Ho-166 was injected into
the rabbit's knee. Subsequent autopsy was performed such that the wrist badge
ns in close proximity to the knee. In rey initial report I stated that "the

i vrist badge was often touching the knee and uns between the wrist and tiei
$xposure sourco and may overestimate the wrist entry doso by a signif t:an*.
' actor". This speculation appeared to be supported by the lower ring ba. ige
readings. ;

A reconstruction of the source-detector-extremity geometry now convinces
us that the actual skin entry dose to the extremity from this high-energy beta
emitter was overestiested by the wrist badge by 25 - 40%. While correction

i for this overestirnata in effect reduces the actual extremity exposure to

within regulatory limits, be assured that our efforts toward reduction of'

exposures in this operaticn and increased survoillence over this pr> ject will !'

not be reduced. !

P

Yours eruly,
/

,- |ca gc Insi tj*~

', i

Frank Masse'

Director of Radiation ,

Protecti(n Programs
.;
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(INTERDEPARTMENTAt.)e

MASSACllUSETTS INSTITUTE OF TECilNOLOGY
Medical Department, Environmental Medical Servae

CAMBRl!X1E. MASSACifUSETTS 02139

Tot Francia X. Masse, Director of Radiation Protection Programa
from Hitch Galonek, Associate R.P.g
Subject: Report of Radiochemist Wrist Badge Overexposure
Date: February 5, 1988

During the month o Se,tember 1987, a radiochemist received a
reported exposure to his G3 wrist badge dosimeter of 15,040 mrem
(11,730 mrem-beta) which caused 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. Thisnotification was made by telephone. R.P.O. requested that Landauer,

roread the badge to confirm the results. Written notification of the ;
opparent badge overexposure was received by 11/05/87. As per
contractual agreement, Landauer reports by telephone any exposure that
exceeds the following limits:

G1 --deep------ 400 mrom,

--shallow--- 2500 mrem

G5 --wrist----- 6000 mrem

U3 --ring------ 6000 mrem '

'
U4 --ring------ 6000 mrem

} The project is involved in the development of a radiochemical
method for the treatment of rheumatoid arthritis of the knee joint
(rodiation synovectomy). The radiochemist routinely handles
approximately 80-90 Curies per month of Dysprosium-165. Dysprosium-165
decays by beta minus with an Emax=1.29 hey, and has a radiological
half-life of 2.3 hours. To overcome the disadvantages of this short4

half-life, the project has begun to study alternate 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 minus with an Emax=1.81HeV and has a radiological
half-life of 27 hours. The in vivo work consisted of injecting up to
10 mci of Ho-166 into a rabbTT's knee joint and rollowing the migration

.of the activity from the joint over a 72-hour period. At 72 houra, the (
!

i rabbit is sacrificed and body organs are removed and analyzed for !
| Ho-166 content. Sireiler experiments were performed earlier with
' Dy-165. Initial doue rates above the knee joints for both
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radioisotopes were 500 mrem /hr at approximately 5 centimeters. Removalof body organs from the rabbits injected with Dy-165 was done at 18
hours after injection. The activity had decayed through approximately
8 half-lives; therefore at the time of sacrifice and removal of body
organs, the dose rate above the knee joint was insignificant. Theremoval of body organs from rabbits injected with Ho-166 was done at 72
hours. The radioisotopes had gone through only 2.6 half-lives, so
approximately 15% of the starting material was still in the knee joint.
Also, more experimontal time was spent removing additional organs from
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 won only 75:. rem /hr, the
increased time of exposure and increased dose rate at contact were not
properly considered with respect to radiation dose, and inadequate dose
measuremento of the knee were made at 72 hours. Operative 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, af ter notification of the apparent
overexposure, R.P.O. met with the ra'diochemist to discuss the reported
wrist badge exposure and to devise ways in which this important work
could safely continue. R.P.O. monitored the continuing in vivo work in-

November to complete the series of runs and thus salvage the work to
date. Plexiglass shielding was designed to shield beta exposures from
the knee 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 approvals were suspended.

During November, the radiochemist was allowed to continue to
process Dy-165 for use in the ongoing human treatment trials. A totalof 80 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
holidayc. Heetings between R.P.O. 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
af ter successfully demonstrating new techniques and procedures to
R.P.O.

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

I

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

<
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2. Use of new localized plexiglass shields surrounded by lead to
reduce beta and bremsstrahlung exposures.

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

. 4. 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 amending of procedures and
shielding to continue to reduce radiation exposures to as low
as reasonably achievable.

5. Future animal work will require full review by R.P.O., and
R.P.O. will observe in4tial experiments. This requirement
will be in effect whe'iever changes are made in radionuclides
used, amount of activity used, or significant changes in
procedure.

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

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

Enclosures: 1. Month by month exposure results for radiochemists in
project

2. Chronology of R.P.O. actions on this project
3. Most recently developled Dy-165 processing procedures
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Chronology of R.P.O. Staff Review of Authorization R-D-9

9/1/86 Radiochemist registered as H.I.T. radiation worker. Meeting
lasted 3--3.5 hours. Discussion of proposed project and
requirement to get M.I.T. authorization.

9/5/86 R.P.O. met with project in NW13-243 to discuss hot cell
layout and project development. Heeting lasted
2.5--3 hours. Discussed radiation instruments needed, '

shielding design, hot cell design, etc. (R.P.O. Director
present.)

9/17/06 R.P.O. observed dry run of Sledge method. Dry run performed
several times. (R.P.O. Director present.)

9/19/86 R.P.O. observed initial 1 Curie process for Sledge method.

9/27/86 R.P.O. met with project to review hot cell changes and <

discuss ventilation and flitration requirements. I

10/15/86 Authorization R-D-9 approved by the Radiation Protection
Committee.

4

10/20/86 R.P.O. observed dry run of Cadema method.

10/21/86 Project obtains 1 Curie target to make dose measurements
around hot cell. Check shielding effectiveness. R.P.O.
present.

10/86 Hany informal meetings between R.P.O. and project in
development of hot cell and review of procedures.

11/4/86 R.P.O. and project met to review paperwork and discuss ,

transporation and licensing requirements.

11/14/86 R.P.O. and project met to finalize transportation and
licensing requirements.

I 11/24/86 R.P.O. observed dry run of Cadema method for Dy-165
l 11/26/86 processing. Modification made to remote manipulators,

12/1/86 localized shielding, and target crushing device. (R.P.O.
Director present.)

'

| 12/2/86 R.P.O. and project make dose rate measurements around cell
12/3/86 with 1 Curie of activity. Hove target into various positions'

as required by experimental procedure to test shielding
effectiveness and use of remote manipulators.

|
f

I

'
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12/11/86 R.P.O. and project make dose rate measurements around hot
cell with 20 Curie target.

12/23/86 R.P.O. received project request to perform in vivo rabbit
experiments utilizing Dy-165. Request inclu3ed detailed
protocol submitted to H.I.T. Division of Comparitive Medicine.

1/87 R.P.O. discussed proposed in vivo work with D.C.H. D.C.H.
approval ! iven. R.P.O. discussed experiments with project.
Authorization amendment approved 1/13/87.

1/27/87 Project begins in vivo rabbit work. R.P.O. present for
initial work. Uose rate measurements of ares and rabbit are
performed.

1/27/87 Dy-165 rabbit work completed. R.P.O. and project in contact
through several times to discuss experiment. R.P.O. surveyed work2/5/87 area upon completion of work. No contamination found, R.P.O.

transported material back to project laboratory.
10/29/06 Project processed weekly 1 Curie targets using Sledge method.
through Patient dones shipped to a broad medical licensee.
3/9/87 R.P.O. packages all shipments. R.P.O. present

intermittently as necessary.

4/22/87 Project processed weekly 20 Curie targets for clinical
to treatment trials. R.P.O. packages all shipments from H.I.T.
Present and were present during a portion of all of the work.

5/19/87 Project began work with Ho-166 to check such details as
through particle size, filter efficiency, pyrogenicity, etc. prior to
8/13/87 routine in vivo rabbit studies. R.P.O. observed some

experiments. Target processing much less tedious than with
Dy-165 due to lower initial activity used.

9/16/87 Project performed more than 30 in vivo rabbit studies to
through determine Ho-166 migration from~Ence joint.
11/10/87

10/28/87 R.P.O. noti fied by R. S. Landauer of wrist badge exposure in
excess of contractual limits for phone reoorting. Wristbadge exposure 15,040 mrem (11,730 beta).

10/30/87 R.P.O. met >vith radiochemist to discuss reported wrist
exposure. Determined that large percentage of exposure due
to Ho-166 rabbit experiment. R.P.O. reviews handling
procedures for Ho-166 injected rabbits. Plexiolaos shielding
designed to reduce beta exposure.

11/5/87 R.P.O. monitors final series of in vivo rabbit experiments.
through Project utilizes plexiglass shieT31ng to reduce wrist
11/10/07 exposures. Upon completion of study, no further in vivo

work is allowed without review of all procedures.
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12/7/87 Revised hand!'ng techniques for Dy-165 work to include.

. through procedural changes allowing for more steps to be done
I 1/4/88 remotely, developed new localized shields to reduce beta

and bremsstrahlung exposures, improved dispensing techniques,
etc. R.P.O. and project met several times per week during

j the nonth to complete the above.
.

! 1/6/88 Project performs one monitored processing run of Dy-165 under
+

new procedures; 80 Curles processed for patient trials in
; January.

j 1/9/88 Project reviews step-by-step procedures for Dy-165 process,
j based on observations by R.P.O. on 1/6/88.
( 1/12/88 R.P.O. observes complete runthrough of revised procedures.)

{ (R.P.O.. director present.)

I
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OATE' 01 U3 U4 G5
-

'

Ocep Shallow

October 1986: 10 10 300 380 M

November 1986: 10 10 180 70 60

December 1986: H H 80 70 50;
,

*
; January 1987- sr 180 1160 800---

! (130) (690)
February 1987: 70 380 1330 1140 3070

(300) (2170)

March 1987: 90 90 5260 3060 5450
(3650)

April 1987: 50 50 3100 2740 1030

May 1987: 40 150 4250--- ---

(110) (damaged TLD) (2980)

June 1987: 70 210 190 190 4030
(140) (2750)

July 1987: 100 310 720 880 5970
(210) (4590)

August 1987: 100 190 1070 940 1900
(90) (1060)

September 1987: 70 70 7720 9620 15040
(11730)

October 1987: 50 190 7550 13340 12400
(140) (10560)

November 1987: 40 160 5840 4550 4600
(by phone 12/4/87 Apm) (120) (2860)

December 1987: 20 20 120 140 350
(230)

January 1988: 10 10 1210 2640 1600
(810)
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' DATE: G1 U3 U4 G5

Deep Shallow (
September 1987: 70 70 N M 260

. (190)J

October 1987: 20 70 1820 750 2000 :

(50) (1780)
;

November 1987: 50 50 2200 1820 29104

(2070) |

December 1987: 20 20 4020 6950 2530
(1500)

! January 1988: 10 10 780 2150 780
,
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Calender Quarter Totals:

.

DATE: G1 U3 U4 G5

Deep Shallow

10/86--12/06: 20 20 560 520 110

1/87--3/87: 210 650 7750 4850 9320
(440) (6510)

4/07--6/87: 160 410 3290 2930 9310
(250) (6730)

7/87--9/87: 270 570 9510 11500 22910
(300) (17380)

10/87--12/87: 110 370 13510 18030 17430
(14200)

.
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CADEMA i

l

EADI0 ACTIVE MATERIAL TRANSFER & PROCESS

1. Monitor 2R transport container with GM monitor to
determine if level of reading coincide with radiation
shipping paper. If everything is in agreement, proceed
to transfer primary shield into hot cell. If readings
are higher than shipping paper figures, notify supervisor..do not open 2R container.-

2. Position primary container into aluminum holder on transfer |slide.

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

4. Remove allen screws, with forceps and place on floor of cell.
5 Remove cap and set aside.
6. Using forceps, remove lead plug and place on corner of aluminum

holder.
'

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

8. Grasp poly tube midway with tongs held in left hand. !

9 Use forceps to open poly cap.
10. Grasp poly tube with forceps and lower opening of poly

tube over top of crucible and gently Glide target into ,

t"

zirconium crucible containing pre-measured 1HHC1. -

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

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

13 Using manips, transfer crucible with target onto preheated !
,

hot plate.,

,
14. While target is heating (2-3 minutes), position crush 6r

(using manips and rope raising device) over top of >

crucible, approx. a t inch.;

.

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

'
, .

'

,

4

I
- ..

1-9-88 ,

4th Draft
,

1
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Pego 2'
CADEMA.

RADI0 ACTIVE MATERIAL TRANSFER & PROCESS

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

17 Once target is crushed, raise assembly just above solution
and rinse with 1 to 2 ml. of 1EHCl with remote pipet.

18. Position crusher in holder.
.19 Using manip, pour dissolved target into roughing filter.
20. Rinse crucible with 0 5 ml. of lEHCl with remote pipet and

pour into rough filter, place crucible on cell floor.
21 Eliminate residual liquid in the syringe by use of the '

syringe plunger rod.

* 22. Turn off h, eater.
23. Remove roughing filter and place in shielded holder in cell.

# 24. Measure volume in graduated cyclinder and record data.
* 25 Take 0.1 ml. assay sample with remote pipet device, touch

drop off.

26. Dispense into 10cc vial with premeasured 1.0 ml. of lEHC1.
27 Place pipe: unit back into its holder.

28. Transfer sample for assay into left side of cell.
29 Stopper and crimp sample.
30. Using remote tool, transfer sealed sample into shield

"A" inside cell.

# 31. Transfer to counting station, count in copper, use tongs'

for transfer, assay sample, record data in batch record. "

32. Return sample in shield "A" to lef t side of hot cell.
33. Transfer plexi liner "B" into right side of cell with>

vent needle.
,

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

|
35 Fosition new filter unit with needle (pre-wet) over sterile

j vented vial in plexi shield. Use remote tool & manip.
* 36. Using manip, push down on top of 10cc syringe barrelj

t pushing needle into evacuated vial.
| 37 Place small funnel into top of 10cc syringe.

38. Recheck volume in grad. cylinder.

i
t:

1-9-88,

) 4th Draft-

,

.

P

a

-----r,-- -
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Pago 3. CADEMA,

RApI0 ACTIVE MATERIAL TRANSFER & PROCESS

39 Transfer bulk isotope from graduate cyclinder to 10cc final
filter.

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

* 42. Position pressure device over plunger and apply steady
pressure to empty contents into vial, use manip and remote
tool.

* 43 Remove filter unit by lifting top of syringe barrel then
remove vent needle.

44. Transfer plexi holder with bulk to left side of cell.

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

46. Check handling tools for contamination.

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

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

* 49 Draw sample, from "B" shield with right hand, transfer
syringe to left hand. Replace cap with right hand,
repeat for each vial.

50. Dispense in vial - record data.

51. Repeat procedure as required.
52. Cover each filled vial with plexi shield.

* 53 Remove bulk shield from glove box to hot cell via pass thru.
54. Place remota plexi shield in glove box.

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

56. Add appropriate amount of flaOH via syringe & needle.
57 Shake vial by hold handle.

58. Check pH via shielded syringe and record.
59 Repeat step 55-58 for each vial.

* 60. When finished, dispose of pH paper in hot waste.

'

4tf. : ~
.

1- 88
Draft
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Page 4.

CADEMA

RADI0 ACTIVE MATERIAL TRAliSFER & PROCESS

i

61. Using fo'rceps, place teach vial into water bath and heat !for required time.
t

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

63 Vortex vial. t

64. Check pH with shielded syringe and record.
* 65 Place vial in "A" shield and transfer to assay station for

final assay. After assay, place vial in primary shipping
ishield.

66. Repeat for all vials. '

6/. Follow packaging instructions for 2R shipper. '

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

i

!

r

t

* Denotes a key step which must be performed as instructed.

. requiring special attention to assure completion of the
j process. -

'

c

;I

I
;
r
I

4

l

i

a

! |-

t

y

!

,
. ^ -

. '
1- 88

{ 4tgDraft
;

) .

1

1 ,

>

- - _ _ _ . .__ . -_ ._ _ . . _ _ _ _ _ . - . . _ . _ _ _ . _ . . _ _ . _ __



_. . _ - _ _ _ _ - _ . _ _ _

.

.

.

.

,1

I REPORT NO. 30-00763/88-001

ATTACHMENT 2

'

(ICENSEE AUTHORIZATION FOR OYSPROSIUM/ HOLMIUM PROJECT-
,.

:
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RP-01 . .- Authorization P' R-n-9
Rev 7/81

* Expiration Date october 1988

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

APPLICATION FOR AUTHORIZATION TO POSSESS AND USE RADIOACTIVE MATERIAL

INSTRUCTIONS: Complete Section I in triplicate and forward to the Radiation Protection Office Room 20B 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 l

1. Identificat'on of persons (a) who 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.I.T. Title Room No. Tel. No.

fluelear Reactor Research NW13-242
Laboratory (NRL)

Joseph Daniele Research Affiliate IN13-24 3 x2099
" " "

Timothy Lee Research Affiliate IN13-24 3 x2099
" " "

f,5) Name of person who will supervise the use of the material:

Name Department M.I.T. Title Room No. Tel. No.

Prof. 0.K. liarling NRL Director !N12-204 253-4201
Dr. 11han 01mez NRL Research Scientist !N13-261 253-2995
W. Fecych NRL Supv. Reactor IN12-112 253-4205

2. Rooms where the material will be handled: Utilization

(a) Material stored in !N13- 2 43

(b) Materiat used ln fN13-243

3. Description of material to be procured

Rado Amount of Achey Chem <al and phys <a! form

nucf4e to be cessessed' In use per esp. of material to be procured

165 Dy 20000 mci 4000 mci Dysprosium-165 Ferric Ref. FDA Ind.
liydroxide !!acroaggreate #28.054

166 llo 900 mci 900 mci iloimium-166 Ferric
ilydroxide llacroaggreate

57
Co 5.67 mci (7-22-81 1 #4244MA Scaled calib. sourco Sources stored

in !N13-245
" "

Cs 98.2 pCi (5-26-811 #90170481A24

60 " "
Co 98.7 pCi (5-29-81 i #90230481A17

.

'

* Mairnum amount to to rossessed by r<otect et any one tems.

4. Is any of the radcactive material used as a label for potentially bichazardous material, toxic chemicals, or carcinogenic /
mutagme material 7 Yes No ._X_ . If answer is "yes," explain on a supplementary page.

5. To be procured from: M.I.T. Reactor .X.L. Commercial Suppher .1. Other _

6. Ipe of investigation for which the material will be used: See attached sheets.

_
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,SE7NON 11(This sectkn to b4 &rnpiet y the Radiation Protection Office.)

'A. Comments relating to the application: ,

Rrom W13-243 is registered as a medium level laboratory.

Th2 project will possess an area monitor for the hood area where the Dy-165 target is disolved,
aportahlesurveyinstrumentforcontaminationcontrol,andaportal monitor for personnel
monitoring before leaving the laboratory.

Tha venti 11ation system for W13-243 has been equipped 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 sources, i

.

i

.

|
, !

i I

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

1. Radioactive material transported from W13-241 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 HIT will wear both
body and wrist badges.w p A'd t ". MM neut om .t

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

5. 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, shioided saf e in W13-245. The sources will be wipe tested every six
months by an RPO representative.

7. The authorization doe _s not approve animal or human use studies at HIT.

.

C. This application is approved with the following general conditions:

1. The proposed work with radioactive material shall be performed in the manner spscified in Sections I and ll B,C,0. There
shall be no changes in the approved procedures without the priot approval of the Ra6ation Protection Committee. The
Radat6on Protection Othee shed be nobled prior to a change in place of use or storage of radioactive material.

2. The use, storage and disposal of the radioactive material shall be in conformity with (a) the provisions of the Code of
Federal Regulations Title 10, Part 20 "Standards for Protection Against Radiation" and (b) the provisions of "M.I.T.
Required Procedures for Radiation Protection."



tinuntien el tenditions
. . . _ _

-

Only persons registered with RPO will be allowed in the project icboratories during the handlingof tha Dy-165 targets.

RPO will monitor the stack air discharge from NW13-243. If discharge concentrations approach
tha Maximum Permissiblg Concentrations listed in Appendix B Part 20
(Dy-165: IPC =9x10 uCi/ml) the project will cease work until appropriate engineeringircontrols are in place.

RPO will evnitor all outgoing shipments of Dv-165 to ensure compliance with all DOT and !!RC
reguistions. The project will provide certified Type A containers for the transportation
of thi Dy-165.

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

<

1

- _ _ _ _ _ _ . _ _ _ - . _- _ - _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.
.

htchell0To: Hickolas JamesFrom --

Ras lu6 Holmium FHMA
Date: 10/2/87

TggHostudies. arrangements are being finalized for phase II of the pre-clinical1

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

We will follow a similar achedule 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 anyone time will not exceed 150 mei. per study day.
The proposed study dates ares
pg_g pg fROCEDURE # RABBITS
10/22 Thur. 1,2

1
10/23 Fri. 1,2,3

510/26 Mon. 2.3 4
10/27 Tues. 2,3

2

The above schedule will be repeated on the following dates:
10/29, 10/30, 11/2, 11/3, and 11/12, 11/13, 11/16, 11/17.
KEY: 1 = Inject. 2 = Blood. 3 = Bio-dist.

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

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

All the details and necessary safety precautions to be reviewed with
and approved by the Radiation Protection Commlitee and R.P.O. beforeproceeding with the study.

. ,

Investigator & >-

Project Superviskr* Appro ali__ N M_/O/,f|6 4 /Date
7 (r

cci 0.K. Harling
L. Clark
J. Bernard
W. Fecych
I. Olmez
J. Fox
F. Masse

SJKirjk
87-8o

_



/
.

Toi Mitch Galanek
From

Rei 166 olmium FilMA Ferric llydroxide Macroaggrega te1f

Dates 6/1/07 '

I am requesting that the fluclear Reactor Laboratory
ar. mended to allow the tranorer and possession of lo6(h fromllRL) licence bet
IlW 13-243/245 to Building 45. Division of comparative Medicine.

The amount of rndlotiuclide to be transferred or in possession at anyone time will not exceed 150 mci. per s tudy day.

The purpese of the study is to compare the 16611o FilMA proccan to the165Dy procoon. Leakage or radlone tivity from the injocted joint. (will be motiltored over an 10 & 7P. hour period post injection.
The tesL animals will be sacrificed after 18 & 72 hours for bio- [
distribution.
The amount of 166)to a, ,e injec ted per rabbit is 20 mei. per 0.1-0.2 cc.

Bloods will be drawn and counted at 0,1,27. and 72 hours.
The proposed study dates are:

Da to h Procedure # Rabbits
6/11 Thur. 1.2 2

6/12 Fri. 1.2 3 4

6/15 Mon. 23 2

| 6/18 Thur. 1.2 2

6/19 Fri. 1.2.3 11

6/22 Mon. 2,3 2

l 1 = Injection

2 = Blood
3 = Bio-dist.

'

A % Se u Q c,J , 5k f&< w h %fT **y

4 == m a xf a ukpw.

.
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'

.
,

'Fago 2.

All organ weighing and counting will be performed in the assigned
Portable counting equipment will be supplied.crea.

At the end of each test date the animal carcasses and removed organs
will be placed into plastic bags, securely closed, labeled and
propared for freet,er s torage or whatever protocol is prescribed.
All the details and necessary safety precautions will be reviewed with
and approved by the Bradiation Pro tec tion Committee and R.P.O. before
proceeding with the study.

.

Investigators _ , ._, , . , .

Project Supervisor Approvis.L _ [

Dates 6/ kf 7 !
cci 0.K. liarling

L. Clark, Jr.
J. Bernard
W. Fecych
I. Olmez
J. Fox
fl. Janes
F. Masse

|

I

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . . _
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.

.

To: Distribution .;
From
Re Status of DyspFobium Project
Date 4/11/87

The final phase of the pre-clinical Dysprosium project will be
completed the week of April 12th,

The completion of the pre-clinical phase will permit the projectto proceed to phase one of the clinical trials.
Cadema will be providing patient doses of 165 Dy-FHMA to our
principle investigators Dr. C. Sledge of Brigham & Womans Hospital
and Dr. J. Zuckerman ,of Hospital for Joint Diseases.

It is planned to irr'diate a twenty curie target with a backup on
'

a
Wednesday's, start processing at 0730 hours and ship by 1000 hours.

The initial clinical test samples will bo processed on Wednesdays,
eventually it will include Fridays 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 transportthe material.

All appropriate state, federal and M.I.T. regulations will be;

adhered to in the transfer-ing of the material.

April Schedule

Date Time Event

4/21 (Tues.) Target prep. (2) Del. to M.I.T.R.

4/22 (Wed.) 0730 Target Process
1000 Ship to H.J.D. - li.Y.
1030 Ship to B.W.H. - Boston

4/28 (Tues.) Target prep. Del. to M.I.T.R.

4/29 (Wed.) 0730 Target Process
1000 Ship to H.J.D. - 11.Y.

t

1030- Ship to B.W.H. - Boston

; Please contact me if you have any questions.

:

'
;

I

i

L
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.

RP-05 .T. RADIAi!ON PROTECTION OTTICL Amendment Number 1,

* #' !
Authoritation # R-D-9

t

Review and Approval of a Request-For-Amendnent of an Authorization
To Possess and Use Radioactive Haterial

.

A. identification of amendment-request:

Project Supervisor's Name O. liar linn Authorization f R- D-9
7

B. Comments relating to review of amendment-request.

1. See tttached request letter and in vivo protoccl.
2. The procedures have been discussed with Chris Newecmer of DCM and all piecedures

| r.eet with his appreva)..
3. Room 45-173 is classified at a low leve) labora to ry. I

*
,

j

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

1. Each condition of approval of the original authorization shall remain in effect
unless specifically superseded by ... mperoval condition specified below.,

! 165
i 2. This amendn'ent authorizes the use of up to 500 mci of Dy THMA in a nimal
j studier at the DCM iacilitier in building 45.

j 3. The prcject will label the crges housing the injected rabbits with "Caution '

; Radioactivt Materials" labels. The radionuclide, amount, d&te, ant' person
j rerporsible vill be entered on the labels.

165! 4 The Project will renitor the tagen to enrure that the Dy has decaved to i

bar.kgrout.d before the cages are teleased tc the cage washere.
5. Sacrificed rabbits will be stored frozen for radioactive decay (1 veck) and then I

released te DCH personnel for inc ineratiori.
|

16 i
j 6. RPO will transport the 500 nCi of Dy from NW13-243 to 45-173. '

i

;

i.

!

) -

1

,

i

|
l-

D. Signature of Reviewer k u Date P-

E. Approved by r, t 0 v ( Date 6''?/ !
(For the H.I'.T. Radiation Protection Committee)

'
'

r
.

! :
i

'

. - -_ . , . _ _-_ - - - .- - _ - _ . . _ - . - - - - - - - - . . - - ._
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e

itH111.DEPARTMENTAU*
,

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
i

Medical Depattment, Environmental EfeJical Service

CAMBAIDot. MASSACHt.'$tTTS 021M

To: Frank Hasse'

From: HitchGalanek'/h I
,

subject: Shielding of 20C1 Dy-165 Source

Da te: December 12, 1986
,

on 12/11/86 and 1 made a series of radiation i

measurements associa ted with the handling of a 20 Ci Dy-165 source
i n 11U 13-2 4 3. The source was pinced unshielded in the expe rimen ta l

tse t-u p in such a manner as to give us the highest possible dose,

) rates. During normal procedures, these dose ra tes would be lower
due to some localized lead shielding employed during most of the ;1 handling procedures. The following are the results of our

; radia tion survey:
;

; Loca tion of fles suremen t Dose ra te (mr/hr)
| NW13-243

Transport container 15 (a t surface) I
i Inner container 50
i Lesd glass 15

Lead shield (Left and right of glass) 13
i Lead bricks (below glass) 2 ;Vooden cabinets (knee high) 15

|j General area right of hood 5 (200 mr/hr hot' spot)
[: General room area 2 '

j Door to tiW13-243 0.6-0.8 i

NW13-224
Fllood face 5

*

L; General room area 0.6 f
; Corridor between liW13-224 and 226 0.3 (General area left of hood 5 (20 nr/hr hot spot) [
;

t

; tiW 13- 2 2 6
,

,

Right side nearest NW13-243 <0.1
! Several of the above measurements were repea ted using a 600 mci |Dy-165 source. The following are the resul ts of that survey:

|,

i

|

!|'
.

!
, .

!

, ,

i i
. <

l i
. b

! !

- - . -_. - - . - - . :-. _ _ - - _ - _ _ . - _ _ _ _ . . . - - - . _ - - - - -
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.

.

.

Loca tion _ of Hes suremen_t Dose ra te (ar/ hr)
~W13-243

Lead glass 1.0
Lead shield (le f t and right of glass) 0.6
Lead bricks (below glass) 0.2
General room nies 0.1
General area right of hood 1.0 (5.0 mr/ hr ho t spot)

:W13-224
Hood fcce 0.1
General room a rea <0.1
Corridor be tween NW13-224 and 223 <0.1
General area right of hood 0.2 (1.0 nr/hr hot spot)

y !W13-226

! Right side nea re s t NW13-243 <0.1
1

d

All measurements were made with a Keithley fon chamber survey
j instrument.
i
] cc. A. Duca tman
1 0. Harling ,

,

1. Olmet1

t

i

i

!

:

!

j
.

1

I

f

<

1
:
i

!
|

|

|
,

i

.
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[- {, NUCLEAR REACTOR LABORATORY

AN INTERDEPAn1 MENTAL CEN TER OF M W*g *-.

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

_ . - .

Q M N!.2 tit 43 133 Atany Siteet Cambrdge, Mass 02139 t. CJA K. JR
Opector (GI h 253- Director of Aeactor Operations

.

To: Hitch Galanek
From: - -

165RE: Dy-Dysprosium FilHA Ferric Hydroxide Haeroagitregate

Date: 12/23/86

I are requesting that the Nuclear Reactor Laboratog(NRL) license be
ammended to allow the transfer and possession of Dy from
NW13-243/245 to Building 45, Division of Comparative Medicine.

The amount of radionuclide to be transferred or in possession at any
one time will not exceed 500 met, per study day.

165The purpose of the study is to compare the BWH Dy 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 af ter 18 hours for biodistribution.

The amount of Dy to be injected per rabbit is 50 met. per 0.1 -
0.2 cc.

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

The proposed study dates are:

Date D Procedure i Rabbitsg

t/8 Thur. 1,2 5
1/9 Fri. 2,3 5

1/15 Thur. 1,2 5
1 16 Fri. 2,3 5

1/20 Tae. 1,2 5

1/21 Wed. 2,3 5

1/22 Thur. 1,2 5
1/23 Fri. 2,3 5

1 = Injection, 2 = Blood, 3 = Bio-dist.
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NUCLEAR REACTOR LABORATORY,

.N
AN INTERDEPAATMENTAL CENTER OF ''< $J'gjV'

MASSACHUSETTS INSitTUTE OF TECHNOLOGY
-

.

O K. H Ant t'40 138 Ata% $9eet Cemtsrdge,U.ps 02139 t,. CL A ct .irt
: ri :- v' '*1 O,re:u sm: ::e v o

.

'
,

All organ weighing and counting ullt 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 f reezer storage or whatever protocol is prescribed.

t
s

All the details and necessary saf ety precautions will be reviewed with
and approved by the Radiation Protection Committee and R.P.O. before
proceeding with the study.

;

I

''Investigator: ; '; - e=. ..
_

, ,,

Project Supervisor Approval '. d r__ i

Date /|$}| 5 6_,,

,

cct O. K. Harling
1,. Clark, Jr.
J. Bernard

; W. Fecych
1. Olmez;

'

J. Fox ,

' ,

C. Newcomer
) F. Masse

i

I'
,

,

!

i

I

! !

l

.
,

b

k [

!
: :

!
,

I

1
4

:
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hlassachusetts Institu.c of Technology
Protoe:l Number

.

COhlMirit'E ON ANihlAL CAlti; Date Submitted I /_
Date DChi Approved - / / ... _

PROTOCOL REVIEW FORM-
Date CAC Approved - / /
USDA Pain Caiegom_ _

(For of0cc use onlyl

LEASE TYl'E OR l' HINT CLEAltLY

1. GENEHAl. INI UlOIAll0N
A.

PRINCIPAL INVESTIGAIOR NAME- DATE SUBMITTED: - -- .12J23136_ '
'

8 OFFICE EXT: .2099 LAll EXT:
- DEPT: Nuclear 8eactorJp}bs

_ llOME l'IlONE NO. IN f'ASE OF EMEROENCY-
_

C.
Oi Hl'R l'I RSONNEL INVOLV{lg5 _Sonya ShortkroffD. lill.E OF PROPOS AL:

Dy _ Dysprosium #98379_EHMA _

E.
AGI NCY FUNDINO Tills PROJECE: .Cadema _

l'.
l'ERIOD OF 'llME 10 DE COVI RED tlY ORAN I:I ROM: / / TO: / /

.. ,
.,

.
_.

! I,
M RITE A flRIEF DESCRIPilON Ol'IIIE Pl!RPOSE Ol' IllE SIttDY

A small volume of a radioactive drug will 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 hourimo period. At the end of the 18 hour
cerificed with biodistribution to follow. period the test animal will be

l' LEASE NO I E:
A SUI 1S1 ANilAL CilANGE IN l'ItOIOCOL. AN INCREASE IN Tile NUMBEft
OF ANISIAl.S USED Olt A CllANGE IN Tile ANIMAL SPECIES USED, %I1.1,
NECESSITATE TilAT Tills F01151 llE RESUllMir1ED.

; 11. SPLEILS INI ORMAlloN
A. ANIM AL SPECIES TO BE USED Jabbita: b:11

ESi tMA IED NUMBER OF ANIM ALS OF EACil SI't(Il S d. _.. _ _ _ _. .. ,c-

i 1O HE USED IN Till5 SIUDY a ._2 0__ b; __ _ _ c; d10 DE IlOUSED PER DA)
'.

a: _5__ b.-C.
CllECK IOR EACll SPECIES WHEN APPUCAlt! F-

._ c: d..--

a b c d I.
RAllONALE FOR USE OF ANIM ALS:X.

_ _., Studies insohe analysis of a process / mechanism that cannot be'

reconstructed in vi:ro.
X_.

_ Studies cannot or should not be undertaken in humans.
_., _ Other, esplain -

:

r

2.
API'ROPRIA1FNESS Of 1110 SI'ECIES:! X__

E. _ _ Demonmated s:mdarity of the proms under study to that in humans.

f _ lsege amount of relevant data already has been derhed from species.
X.

Manipulations required for the experiment (e g., surger)) require an animal greater than _2 Q in size.i

__ _ __. Other, explain -- !

4

j J. NUM BE RS (J5ED.
! X _ To estabhsh statistical significance of esperimental results.'

X _ _

To obtain sullicient !;ological materials to permit the studies proposed.
!

, _, _ Other. explain .
1 -

.

- - . ~. , - - - . , - - - - ~ m- - - r.
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.

l
'.' % klTE A BRIEF DESCRi?110N OF THE PROTOCOLlinclude any particular husbandry requirements,

such as special diet or housing )

Rabbits fasted 24 hours prior to the test, Five (5) rabbits will bei

i partically anesthetized and injected intra-articularly with the Dy -

FHMA drug. Blood samples will be taken 0,1,3,5 and 18 hours post in-
jection. Test animals will be held in isolation.during this time frame.,

'

The limals will be sacrificed at 18 hours by I.V. injection, opened up
cnd organs removed for biodistribution of radioactivity. Organ assessment

I will include right and left inguinal fat, popliteal node, kidneys, right |hopatic lobe of the liver, urine and feces specimen. '

. All organ weighing and radioactivity counting og same will be performed
j in the assigned necropsy room. Fortable counting equipment will be ,

; supplied.

At the end of each test date, the animal carcasses and removed organs
I

t

will be placed into plastic bags, securely closed, labeled and prepared
| for freezer storage or whatever protocol is in effect for handling same.
! All necessary precautions will be used in the exercise of this test to r

minimize and control contamination.
I

i
i

f
i

>
,

i '
,

I

)
;

! t

i :
| |

|

t e
'

a

.

;

| .

! |

i
i ,

I |

3 I

i !

i
,

; I

2
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.

i ER. Squibo- Micsrtc;AL QUEspoNsLambridge fluc.-Rabbits /e, dogs, cats: rato, pigs, monksys, rabbitsmice
llEll-Rabbito/ mice Di% hat relesant traming hase the personnel of thi* prnject hadv;nostic IspexpetmentauonTtones . Rabbits: mico, dogaA. in conducting anima

Principalimestisator; 80g9_U1_98.=_ cows
_ _.

Associate investigator (s): Brigham & Womens Nospital = Rabbits. mica. rats
_

1echniciants):
_

_

Studenits): ' ''
4

.

B. Art any animal restraint devices used in this project? YES.X._ N O_
Holciin *==+rmint' If ">cs", w hat method and duration?

blood collection
g.. Stock - fnv

~ ~ ~

durin,
130 minutes ~ '

!. .

h

, .. .. .... . . t.

C. Is tussery to be performed? YES _ N OI__
{'

* *

j li any other manipulation to be performed which would lead to pain or other discomfort
whkh alters well being? YES _ nob
(if the ammer to either of these is *)es*, complete Surgical Hrport/Insashe Procedures section, pages 4 and $)

!

; ls more than one sunha! surgical procedure proposed for any animalin this study? YES _ NO2 i
!

"

If *>es'. proside justi6 cation for multiple sunisal surgery =-
r

i
,

!
..

!

D. Ilow will the assimal be euthanatired? I.V. with Phenobarbital '

I
,

j E. Are radionuchdes to be used? YESX_. NO_
II *>es'. indicate Radiation Protection Of6ce apprmal s ;

l
! I'. Art bichatards insolsed in this study? YES - NO_1. (

II*)es*,date of Committee on Acessment of flachazards apprmal I '
f
E

i t
i

G. Will an> aspect of the animal experimentation in IMS study be conducted as another institution? YES - NO X_
i >

t
- Describe the facihty and the nature and duration of this actisity !
? .

i

,

a

4
[

.

l
I

H. Signature of Principalimestigator: .
. ; x%4 U 'D ' N'..

datei *

i

.

! 3 !
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SURGIC ' I, REPOffi / INVASIVE PROCEDURF
*

i
(this turm must be completed if answer to V C is ">es")i , '

-

|,

'
GENER AL INFORMAil0N
A.

INDIVIDUAL (S) RESPONSIBLE FOR SURGERY & l'OSIOPERATIVE CARE: O '. .

'~

B. LAll EX1: = 2099 ilOME PHONE NO. IN CAsi~ OF EMERGENCY- ''.
*

I C. CilECK LETTER CORRESPONDING TO SPECIES Usl:D, - X _a b c d

1

I

, EXPERINILNTAL DESIGN,

d A. PR EANES111ETICS:
.

B. ANESillEllC AGEN1(S): Acsproma"ine - Ketamine.
; C. DOSAGE: 0.1 - 0.2 cc

_.

1 D. FREQUENCY OF DOSAGE (e s , daily, weck! . Day of injeetion of isotone
, _ ,

E. ROU TE OF ADMINIS1RAllON: *N*
.

:

1. SURCICAL l'HOCEDUR E: (Please provide detailed information und attach additional pages if nec,.ssary.)
,

!{0!1E

;

'1

3

)

I
,

!

i

j

.

(continued on page $1

4
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*
SURGICAL REP ('''r/ INVASIVE PROCEDURES (continwi'

.

\111. SURGICAL l'HOCEDUNE (continued):
i s ( yf 1 , n ,* ! 1 ti 11 it''''.' '. . I liJ

;,
;11 A )

-
'

. +

-i t.: * .i t '. *t *
.

,, ..
..

*

,

. . ... . . . . .. . . . . s < . . .. . .

IX. POS10PER AllVE CARE:

il/A

X. DESCRIBE lilE DAll,Y CARE AND MAINTENANCE PROCEDURES OF SURGICALLY IMPLANTED DEVICES:

n/A

Al. DESCRIBE ANY NONSURGICAL PROCEDURES 1tl AT ARE PAINFUL OR STRESSFUL 10 lilE ANIMAIS:

None

5-
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*
. ..

13. ADDillONAl, COMMENTS

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

4

.

.- ..
.. .. . . . . . . . .

. ..... ... . ...
.
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Dl'"ilON OF COMI'AllA1IVI? MED IN'

! A 4 5. . o 37 Vassar Street . Cambridye, M A 031a. No. 81. 2305W (617) 2531733 or 171x
;'

ItLQUI.Si l' ult I.AllOlt AIOltY ANIMAL,l'UltCilASE AND cal (E |

i'itOJECT ,

i fitie urecif> > 165 ' ^ ' " ' ' ' '
q Dy-Dysprosium - FHMA Arrros al s

inse,iivaior
Authoe ved l'ctsonglonya Shortkrorf

;Telephone a gg Rong g, Departmpt RmW MM
IO IIE COMI't.E l LD llY 11LQUISillONLit1

lj l. Will radioisotores be used? 5. Haiardous Precautions
'

If >ts, Hadiation l'rotection Ofhet "'
Authoeiranon e,

3. Will any hiuharardous None
,

agent he u,ed'tchemicah, ll.) No I I Yes' Bioloskal
_

_
carcin"yem. Insic substances, Chemkal
infettious agena, cte ) Carcinnyenic

_

,

%. ll a surric il procedure 1 Radioactne,
i e ,4

Other''be rceloemcd ? No I es'
'

Y
"""

,

| Ja Number of annnals used where no pain, 6. Required l'rotesine
) dntress. or use of rain rehesing Clothing

'

y drugs are insohed 0 -

1 onej 4b.Numbtr cf anirnals insohing pain or
Madj distress w here arpropriate anesthetic, T Gloses

,j anah euc. or tranymlaer will be owd. 20 [ lah Coati 4c. Numbcr el animak onching rain or footwear !
1 dnlicss suiheut use of arrrepria e Head (icar' _

anesthetic, analgesie, or tranquitieer " 0 Other"
11| 1. Srcon 2 Strain 3 Seit J A er 3. Weight 6. Qu antity 7 lit StasUtW 4,e t h L a t . 3

{ Rabbit White M or F 2 Kg 5/S tudy- 42 Hrs./ Stud r
a s. Othee specilitanont

0, $ recut requirenents
10 Fstj ror ainnuiiire Will hold food 24 Hrc .Fre & 18 Font Inj e c t i o. eleage 5/S tudyn

'' S[8'.Y-1/1516-1/20,21-1/22 , W '"""'' Childrens Hospital
'

; If set tomplete DCM fornWih if not pressously submitted for this ptoject or if modification of procedure requires new loem
j Anai,h brief esplanation0*

. tLQUl3I AND I INANCI AI. Al'I'ItOVAI. i
'

Authorued Apt,t Ignature)'

Date

Adminntratne Utl<ct tognatutt)
Date

Pcechast Account e Cart Aununt 8 Espiration !
, Date: '

i O llE C OMI'l.0II.1) llY DCM
i

'

l LJ A rrerec o'e mi 3 Other !1 I Vendor
1 3. Location 4A rosal
! Il at I t) Mrr) Date
1

i d Am A. w
6 Purchasing

L] l. Dole conton'ed $ Charge Arent '

,
,

7. Debit Attt 8| sith Vendor 5
>

t S> !

i 2. Lot a
Shirring 5 8. Credit Aect 8 i

+

: 449.ra
{ ). Deh*0f) date Proctuing 5 9ththng

A gent
! 4 lattoo Total 5 10 Comment '

i

'

w Hlit. IK u mn a TAN AR): A%)M A1. F ACilllll N M AN %til R / PINK: ACCOllNilNG (OPY / UOll). 1)l rAR i ktl N i t Oh
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7 * PrMcipal procedures involved in t' ise of the material: Include procedures impe indoCe ccreIderatN of conteseire,,tion control, such as: evaporation, 4nsfer of powder, etc.

!
, ,

#
t Procedure description

Used ,

.

165Dy 20000 W13-243 Yes See attached sheets.
I 160 " "tio 900 mci '

57co * " No Sealed sources used for CAPINTEC calibrationIJ7
Cs * " " "

60 ,c . n n n

i

| 1

i

i

'
: ,

I

! '

:

i

!

] If item 7 is continued on a supplementary page, check here
--

,

'
.

8. Radiation protection: Check special equipment that will be used to control external and internal radiation exposure. (if i
item 8 is continued on a supplementary page, check here )

. !
X Glove-box X Transportatioricontainer Scintatation-Survey Meter !

.l. .~ume hood 2. Protective gloves .l.G.M. Survey Meter
'

! l

o. Shielding ._X. Lat> coat X. lornhamber Survey Meter ;

1 Handling tongs Shoe covers X. Dosimeter I

Body X-l. Shielded storage container l Trsys Monitoring
.l. Badges Wrtst .1

|;j l. Radiaton signs and labels 1 Mechanical pipette

{fFinger L. '

|
9. RadioactNo waste disposat I !

. Type of Weete Method of EMeposal I r

i Soled into RPO collecten contaener in room # PN13-249

-| Into RPO collecten container in room s IN13-245
Into sink of room #

1 Scintdiaton Fluid into RPO collection container in room 8

| Animal tissue To be stored (for RPO collect'on) in freezer in room .

; Special waste * Desenbe on attached sheet (check)
l ' Waste in form of gas, pyrophoric or pathogenic material are to be

| considered special wastes.

I 10. Name of person caTp:+Ung items 1 through 9 -

|
11. Protect Supervsor's a@roval(Signature) 11 Date ___ /

Project Supervisor 4 name (Please Print) Prof.O.K.Harlind <

!
__ ____________________ - - .-_
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/ 0, in addition the follovdng standard o 'tions of approval are emphasized:
-.

' *. *
.

b extended leaves fren the institute (a month or longer). RPO approval of any such changes must be secured in advance./ The project supervisor's responsibwes must be transferred to another person (with supervisory quahfic:tions) during any
No transfer of powhred radioactive materialis allowed under this authorization. If powdered or crystalline material is
purchased, it will be put into solution in the original shipping container,

s All procedures which may result in airborne contamination of radioactive materials will be performed in a hood which isM approved for work with radioactive material.

s All unattended containers of radioactive material or any apparatus containing radioactive material must be labeled withi

li3 property completed "Caution Radioactive Material" sign or label,

g Radcactive material will be doubly contained in a shatterproof container when transported between laboratories and/or
through corridors.w

There will be no mouth pipetting of radoactive solutions.

Radioactive wastes will be disposed of in RPO approved radioactive waste containers and/or in RPO approved laboratory
drains. A record of waste disposal will be kept by recording the experimenter 4 name, nuclide, amount, and date on the
appropriate RPO forms.

An appropriate functional survey instrument will be readily available for contamination control monitoring in all laborato-
ries in which millieurie (mci) quantities of th emrtters are being handled (purchase of 1 mCl or more of stock solution
constitutes such handhng ) An exception to the above will be for radioiodines that are not protein-bound. In such cases an
appropriate functional survey instrument will be required if a 100 pCl is handled. Alpha emitters shall have the same 100
pCl limit,

ffe project will ensure that their radiation survey instruments are in proper working condition. If repairs of calibrations are
required, the project will deliver the instruments to the Radiation Protection Office. RPO will cabbrate the instruments at
six-month intervals.

C Liquid scintdtation wastes and animal cercass wastes that are exempt from radioactive waste disposal regulations will be
packaged in accontance with RPO regulations.

O attacned to each package. Packages of radcactive material received by the project will be opened in accordance with RPO instructons that are

E. Signature of Reviewer / f wb /fMSDate

m M1 J ' _ Date: #/' ''/NApproved by: o4

For M.I T. Radiation Protection Committeo
F. Termination of this authorizaton:

1. Work with radoactin material terminated (date)

2. Disposition of:

Radoactive material

Waste containers

Survey meter (s)

3. Residual Contamination:

Hocqs)

Srnk(s)
8 Laboratory surfaces
,

4. Lab area checked out by: Date:

5, Approwd for "terminated fa "e Date:

'I
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DOSES MEASURED BY WRIST AND FINGER RING 005! METERS
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REPORT NO, 030-00763/88-001

ATTACHMENT 3

DOSES MEASURED BY WRIST AND FINGER RING 00SIMETERS

INDIVIOUAL 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

April 1,030 2,740 3,100
May 4,250 * *

June 4,030 190 190

July 5,970 880 720August 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
Decet.ber 350 140 120

1983 (Monthly totals of weekly dosimeters)

January 1,600 2,800 1,050
February 1,010 3,100 830*
March 880 2.060" 700*

QUARTERLY COSES MEASURED BY WRIST AND FINGER RING 00S! METERS

Right Right left
Wrist Ring Rfogn

|

|
First Quarter, 1987 9,340 4,200* 7.750Second Quarter, 1987 9,310 2,930* 3,290*
Third Quarter, 1987 22,910 11,500 9,510
Fourth Quarter, 1987 17,430 18,030 13.510First Quarter, 1988 3,490 7,960* 2,580*

All doses are in mrem,

"Indicates that dosimetry data is missing for this time period.
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ATTACHMENT 4
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| MEASUREMENTS OF MOCKUP OF INCIDENT
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REPORT NO. 30-00763/88-001 '

i

ATTACHMENT 4 I
,

MEASUREMENTS OF MOCKUP OF EXPOSURE

L
The Itcensee used a phosphorous-32 source on a planchet covered by plastic to (simulate the rabbit knee injected with the holmium-166. These isotopes have -

similar unergy beta particles emitted during decay. (1.8 MeV maximum energy '

for holmium-166 and 1.7 MeV maximum energy for phosphorous-32.) The licensee
tmeasured the count rate,with a Ludlum 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

;

inches 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 t

i

A 14,456 1.00
:

B 9,536 0.66 |

C 1,728 0.12

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

!

l

!

l

!
t

!

i
;

|
!

!
!
i

t
;
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JUL 181988
Docket No. 50-20

Massachusetts Institute of Technology
ATTN: Dr. John Bernard

Director of Reactor Operations
. 138 Albany Street

Cambridge, Massachusetts 02139

Gentlemen:

Subject: NRC Region ! 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 inspection.

Areas examined during this inspection are described in the NRC Region ! Inspec-
tion Report which is enclosed with this letter. Within these areas, the
inspection 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 is required. Your cooperation with us in this matter
is appreciated.

Sincerely,

%y*,y i_ ,

damesT.Wiggin hief
* Reactor Projects Branch No. 3

Division of Reactor Projects

Enclosure:
NRC Region ! Inspection Report No. 50-20/88-02

g -

,
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cc w/ enc 1:
Dr. O. K. Harling, Director of the Reactor Laboratory
Public Document Room (PDR)
Local Public Document Room (LPDR)
Nuclear Safety Information Center (NSIC)
Comonwealth of Massachusetts (2)

bec w/ enc 1:
Region I Docket Room (with concurrences)
ManagementAssistant,DRMA(w/oenc1)
J. Wiggins, DRP
R. Blough, DRP
D. Haverkam'p, DRP
|IDouflef.4 Y(,Barkley,bkP ,

.

M. Kohl, DRP -

T. Kim, RI - Pilgrim
F. Crescenzo, $91 - Shoreham

,

i

1 !

!

4

!

.

t

| :

1

3
!
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U. S. NUCLEAR REGULATORY COP 9t!$$10N
REGION I

Report No.: 88-02

Docket No.: 50-20
,

Liceese No.: R-37

Licensee: Massachusetts Institute of Technology
138 Albany Avenue
Cambridge. Massachusetts 02139

Facility Name: MIT Nuclear Laboratories

inspection At: Cambridge. Massachuset'.s
,

Inspection Conducted: June 20-23. 1988

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

Approved by: M an t. Af k (6!88
A. Randy Blough, Chief f ' Da t'e
Reactor Projects SectionlNo. 3B
Division of Reactor projects

Summary: Inspection on June 20-23. 1988 (Report Nc. 50-20/88-02)

Areas Ins sected: A routine unannounced on-site inspection of Itcensee activ-
ities including: Action taken on Previous Inspection Findings, Facility Opera-
tions, Requalification Training, surveillance, Experiments. Logs and Records,
Procedures, Refueling Activities, and Review and Audit Funct. ions. The inspec-
tors also conducted tours of the facility and performed observations of control
room and reactor floor activities.

Results: No violations were identified. Two minor concerns were identified.
One concern regarded general housekeeping of the facility and the other re-
garded a recent personnel change at the facility. The factitty appears to be
in conformance with applicable requirements.

.

~
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DETAILS

1. Key Persons Contacted

* J. Bernard, Director of Reactor Operations
L. Clark Jr., Director of Reactor Operations (retired)t

* K..Kwok, Superintendent, MIT Research Reactor Operations and Maintenance
F. McWilliams, MIT Reactor Radiation Protection Officer
0. Harling, Director, MIT Nuclear Reactor Laboratory

* Denotes those personnel present at the exit interview.

2. Previous Inspection Items

(Closed) Unresolved Item (86-01-01). This item identified a concern that
the licensee was not adequately documenting the basis for changes made to
the facility as required by 10 CFR 50.59. Specifically, the licensee had
defined a category of facility changes, "Category B", which involved sys-
tems or procedures described in the Safety Analysis Report (SAR) but did
not involve Unreviewed Safety Questions (URSQ). In some instances Cate-
gory B changes 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 includes an URSQ
determination. The inspector 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
adequate documentation to support the licensee's determination that no
URSQ existed. The inspector noted that although proper documentation was
available to support USRQ determinations, the licensee had not changed the
administrative procedures to reflect this new requirement. This concern
was brought 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 enanged ef fective June 22, 1988 to refle:t that all
Safety Reviews must contain documentation to support the determination of
URSQ or lack thereof. The inspector had no further questions. This item
is closed.

(Closed) Unresolved Item (86-01-02). This item addressed a concern that
personnel pccket dosimeters were not being calibrated. The licensee's
internal Quality Assurance Audit had also identified the same concern.
Currently, the licensee has a program to calibrate personnel pocket
dosimeters on a quarterly basis using a radium standard at the National
Bureau of Standards. Review of dostmetry records and calibration of
instruments indicated that the program was implemented in March, 1986.
The inspector had no further questions. This item ts closed.
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(Update) Violation (87-03-01). During a previous ' inspection conducted
during December, 1987, a violation of NRC requirements was identified I

concerning the posting of airborne radioactivity areas within the Equip-
ment Room of the facility. During tours of the facility conducted in con-
junction with this inspection, the inspector noted that a "CJution: Air-
borne Radioactivity Area" sign had been properly posted at the entrance to
the Equipment Room. This item will remain open pending further specialist
inspector review.

3. Facility Tours

The inspector arrived at the facility on June 20, 1988 and conducted a
meeting with the Director of Reactor Operations and the facility Superin
tendent regarding the scope and purpose of the inspection. A tour of the
f acility was conducted shortly thereaf ter during which general observa-
tions of security, health physics controls, and housekeeping 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 it was noted
that several radioactive sample bottles and other sampling apparatus were
lef t astray near the sample station. No violations of regulatory require-
ments were noted but it 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.

4. Facility Operations Review

The f acility is used primarily by the MIT faculty and the reactor staf f
to perform a wide variety of experirrents. The reactor is reutinely oper-
ated continuously from 8:00,a.m. Monday through Friday on a three shif t
schedule. During the inspection, the facility was in a six-day mainten-
ance/ modification period and as such, no critical operations of the facil-
ity were observed by the inspector. 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 lifting
the reactor lid and upper shield access ring. The inspectur also reviewed
the inspection records on the containment crane for 1980-1987. The con-
tainment crane is equipped with a 20 ton main hoist and a 3 ton auxiliary
hoist. Annual inspection of the crane is performed by Nartheastern Elec-
tric Co. No discrepancies were noted.
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The inspectors independently observed control room activities and held
*

discussions with the operators. Shif t staffing requirements were met and
activities in the control room were observed to be conducted in a respon-
sible and professional manner. The inspector walked down the control 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 tagouts), on-the-jobtraining log, and surveillance logs were(includingreviewed 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 Specifications,
was reviewed, it was 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 po',i tion was then
filled by the former Assistant Superintendent leaving that position
vacant. The Assistant Superintendent position is not required by the
f acility Technical 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 appearea incom-
plete. On one occasion, a question raised by the inspector regarding the
tracking of 10CFR50.59 issues had to be referred to the retired Director
of Operations. Also, the physical transition of personnel within appro-
priate office spaces had not been completed. The inspe: tor characterized
this concern as minor but urged the licensee to complete the transition in
a timely manner. No other concerns were identified and the licensee
appears to maintain an adequately staf fed facility.

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 Fuel Ele-
ment Failure," datad May 26, 1988. The inspector discussed the details of
each report with the facility Superintendent. No inadequacies were iden-
tified. The inspector had no further questions.

5. Technical Specification Surveillance Review

The inspector reviewed the following surveillance test procedures and
records to verify th3t requirements specified in the Technical Specifica-
tions were met:
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6.1.1 Emergency Cooling System
6.1.2 Containment Tests
6.1.2.1 Conttinment Building Pressure Test
6.1.2.3 New/ Repaired Penetration Leak Test
6.1.2.5 Charcoal Filter Efficiency Test
6.3.4 Fan Interlocks and Alarms.

'
6.5.9.1 Area Radiation Monitor Calibration

The licensee performed the annual integr6ted containment task rate tt st
1 (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 personnel door. The building was pressurized is 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 airlocks. The second test,

failed to meet the acceptance criteria due to excessive leakage through4

i the outer truck lock expansion joint. The Itcensee re performed the test
, with the inner truck lock door closed. The results were within the'

acceptance criteria. The licensee stated that they are planning to repair
the outer truck lock door in the Fall of 1988. Currently the inner truck
lock door is tagged out of serv'te preventing inadvertent opening of the:

door.

Local leak rate testing is only required between int 2gral 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 well below specified acceptance

! criteria.

The inspector had no further questions.'

6. Experiments

i Experiments at the MIT Reactor appear to fall under two broad categories.
The first involves routine irradiation of various materials via beam
ports, incore apparatus, and the thermal colunn. Included in this cate-

'

gory are experiments which are designed to study atomic particles. The
experiments are performed on a routine basis and are requested by both the
MIT Nuclear Laborakry staff and other organizations not affiliated with
the laboratory or with MIT. The inspector reviewed documentation asso-
ciated with several of these type experiments and verified that reviews,

. approvals, and safety evaluations were properly conducted and documented
j in accordance with facility procedures. Predicted experiment parameters
,

!

!
,

!

|

,
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were compared with actual parameters and found to be within tolerance and l
*

1

training of experimenters was adequate. The inspector also verified that
by product materials were properly dispositioned in accordance with
10 CFR 30 requirements. The majority of the experiments involved exempt
quantities or concentrations of by product materials; however, in those
instances which involved larger quantities or concentrations, the licensee
was found to be in compliance with transfer requirements where appitcable.

The second category of experiments involve larger, more complicated,
research oriented projects. Currently there are ' se 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 originally designed with this experiment in mind and
similar experiments were conducted with little success during the 1960's.
Recent successes with this therapy at other facilities has rekindled
interest and furrently 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 involves automatic
digital control 'of the reactor react: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 approval package and safety review
for one portion of the experiment which provided automatic digital control
c' a reactor shim blade. No inadequacies were identified. The last
experiment of this category involves the simulation of commercial nuclear
facility operating loops to develop strategies to minimize occupational
radiation exposure resulting from maintenance activities. This will
involve operation of a scale model loop within the reactor core region
while operating, and its subsequent removal 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 installation 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 intends to submit a description of the experiment to the
NRC per 10CFR50.59 prior to its installation rather than wait to include
it in the annual report to the NRC. The inspector reviewed the safety
analysis for this experiment and found it to be c'esigned within the
boundaries of the Technical Specifications with the following exception:

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

__ _.
_
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This concern was identified to facility management. Although this specif-
ication is included in a section of the Technical Specifications involvin
chemical effects of experiments, the licensee agreed with the inspector!gs
position that this specification should also be applied to direct mechan-
ical effects. The licensee agreed to re-address this issue prior to final
approval of the experiment. This item is unresolved pending final licen-
see disposition (88-02-01). No other inadequacies were identified.

7. 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 fuel transfers from the core storage ringto the spent fuel pool. All movements and associated activities wereextremely 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 SDM demonstrations were performed although not required by
facility procedures or Technical Specifications. In all cases reviewed by
the inspector, reactivity calculations deviated from actual measured con-
ditions within acceptable tolerances. The inspector had no further
questions.

8. Requalification Training

The inspector reviewed the records associated with the requalification of
licen, sed operators at the facility. The recualification 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 is
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 duties. The licensee uses this to determine the active /
inactive status of licenses. The inspector reviewed this log and compared
several entries with the control room operations log to verify accuracy.
No discrepancies were noted. Several individual operator files were
reviewed for adequacy. No inadequacies were noted. The inspector had no
further questions.

9. Review and Audit Functions

The inspector 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
facility procedures. No significant findings were identified by the
licensee audits but numtrous 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 previous paragraphs, reviews were conducted by the inspec-
tors of several experiments, procedure changes, activities and facility
modifications. The inspector 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 being properly identified. The inspector found that all such activ-
ities 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
contained a specific section for 10 CFR 50.59 Changes, Tests and Experi-
ments which appropriately described several of the more significant activ-
ities but omitted many others. These other activities were described in
the "Summa ry 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 inspector discussed this
with the licensee and suggested that the procedures be modified to ensure
future annual reports explicitly identify activities conducted pursuant to
10 CFR 50.59. The inspector had no further questions.

10. Exit Interview

At the conclusion of the inspection on June 23, 1988 the inspector met
with the Director of the facility and reviewed the scope and findings of
the inspection. Other attendees are listed in paragraph 1.
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Docket No. 50-20

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 during this inspection are described in the NRC Region !
Inspection Report which is enclosed with this letter. Within these areas, the
inspection consisted of selective examinations of emergency procedures and
representative records, interviews with personnel, and observations by the
inspector.

Within the scope of this inspection, no violations were identified.

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

Sincerely,

M h.
Ronald R. Bellamy, Chief
Facilities Radiation Safety

and Safeguards Branch

~

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

cc w/ encl: Dr. O. K. Harling, Director of the Reactw Laboratory
Public Document Room
Local Public Document Room
Nuclear Safety Information Center (NSIC)
Commonwealth of Massachusetts (2)

bec w/ encl:

Region I Docket Room
Management Assistant (with concurrences)DRMA (w/o encl)
RobertJ. Bores.DRS$
L. Doerflein Pro
R. Blough, C$lef, ject Inspector, DRPRPS, 38

M23%9~O i DHNO. 9.
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U.S. NUCLEAR REGULATORY COP #11SSION
REGION I

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 Af I&Inspector: ' "

C. L. Qprdon, ' date
Emergency Preparedness Specialist

Approved by: e
- ~2_ P 4///

W. J. Q1arus, Chiet / date
Emergency Preparedness Section

,

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

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

Results: No violations were identified. The Emergency Plan and Procedures
were found to be implemented in a manner to adequately protect public health
and safety.

Y I!b D J 3 Tgh
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DETAILS

1.0 Persons Contacted!

*J. A. Bernard, Sergeant, Campus SecurityDirector, Reactor Operations
i

G. R. Elderd,
,

*G. R. Hopkins Assistant Director, Reactor Operations
*K.S.Kwok,PlantSuperintendent
E. F. Mallove, Assistant Director, News Office

*F.
F. McWilliams,iation Protection OfficerRadiation Protection OfficerJ. P. Reilly, Rad

!* Denotes attendance at the exit meeting.

2.0 Massachusetts Institute of Technology Reactor (MITR-II) Emergency Plan

The inspector reviewed the MITR-II Emergency Plan for the Cambridge,
Massachusetts site. The Plant Superintendent is responsible for
updating and implementing the Plan and administering emergency
preparedness program functions. The Plan was submitted to the NRC in
August 1982, in response to changes in Emergency Planning requirements
for test and research reactors. The Plan was developed in accordance
with ANSI /ANS 15.16, draft II, dated November 1981 and the criteria of
NUREG 0849 "Stand!!rd Review Plan for the Review and Evaluation of
EmergencyklansforResearchandTestReactors". The Plan appears to

.

.

meet the NUREG guic'ance with regard to information on emergency !
organization and respensibilities, radiological assessment, emergency '

action levels, designated emergency equipment and facilities, and
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 tl.e NRC
42 copies)andothergroupswhomaybeinvolvedinemergencyretonse
9ncludingupdatesandrevisionsshouldbeprovided(50-20/8803b1).

'

A description of different accidents and corresponding emergency action'

levels for each classification are provided in the areas of fuel dama
radiological effluents, natural phenomena, fire, and security threat.ge,
There are three (3) ' implementing procedures for corrective and
Emergency",andAction2Y-Event / Alert /SiteArealeergency"Y-General
>rotective actions: Action IX- General Emergency" Action l

"

.

Procedures IX and lY for General Emergencies state that intesrated'

offsite doses could exceed 1 Rem whole body and 5 Rem thyroic to offsite
populations resulting from a 1 hour exposure and that protective action

reconnendations to local authorities may be necessary)fsite doses are
In reviewing the4

Plan's definition of the Emergen y Planning Zone (EPZ however, the ,,

inspector noted that during desi n basis accidents, of i-

,

not expected to exceed 60 mR who e body or 1 Res thyroid. In this |

regard, the Plan and Procedures are not consistent (50 20 88 03 02).
'

! t

| |
;4

|

-

i

-_ _ - - - _ - --. -- - - . _ - _ _ _ _ _ - ._ _ _ --_ - .. - -,,.. - __, _ . - - .



'

2.
.

4

.

Further review of Procedures IX and lY indicate that they contain$

complex narratives of information which interrelate key response actions
and do not outline in an orderly manner specific tasks either to be
performed by the Emergency Director or delegated to other response
organization members (50-20/88-03-03).

3.0 Facilities And Equipment

The Control Room and Emergency Su) port Center (ESC)d these as well asare the designatedemergency response facilities. T1e inspector toure
the assemblmaintained.y areas and noted that facilities appear to be wellRadiation 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
lockers in the Control Room and Reactor Building containing protective
clothing, supplies for contamination control respiratory protection
equipment,radiationsurveymeters,decontamlnationsupplies,andother
necessary safety equipinent used for emergency response and determined
that sufficient equipment is generally available and that inventories
were up to date. The inspector noted that self reading dosimeters
provided in Control Room lockers are capable of detecting exposures in
the range 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 3rovide operators with direct monitor readings which
correlate wit) emergency classifications. The inspector reviewed the
EAL changes and licensee's safety review and noted that the prescribed

which,ifexceeded,wil$ecificinitiatin$fication.Instea$gerpoints)lsaction levels are not s conditions (tri,

result in class , such leve'

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 purge monitor readings continue for a
i 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 multiplet

l increments of measured stack area monitors (and MPC values of I 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.

.

, , . . , . . _ _ . _ _ _ .- - , . _ . . . - _ , - , - , - _ _ . . _ , , - , - , _ _ _
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4.0 Notifications and Comunications

An incident may be reported at any time (24 hours) Campus Police.
by a caller dialing

telephone extension 911 and being connected to the The
MIT-public telephone comunications network used for e..raency
notification by tht licensee consists of comercial telephone; lacated
throughout the reactor building. Portable radios are available for use
by Campus Police and emergency response staff for environmental
monitoring. The on-duty Shift Supervisor becomes the Emergency 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 &re 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
recomendations. Although the notification and comunication 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).

5.0 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 su> port would be provided to emergency
personnel during emergencies. The )lant Superintendent indicated that
arrangements are in place for local governmental support from the City
of Cambridge to coordinate and assist with most emergencies at the MIT
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.

6.0 Ort 11s and Exercises

Shift supervisors and operations staff are designated for Emergency
Director positions and receive specialized emergency training from the
Plant Superintendent. Classroom instruction covers a review of EAL's,
corrective actions, radiological controls, comunications capability,
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and emergency implementing procedures. This training is included as,

part of the preparation for operator licensing examination. For
requalification, licensed operators are re
Plan and implementing procedures annually. quired to review the Emergency

Qualification criteria for key emergency response personnel consists of
participation in emergency drills and exercises, acting as scenario
evaluators, performing Emergency 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

notconducted,butevacuation, medical,securitylsarecritiquedand fire drills are
held at least once per year. Exercisos and dril
(initiated in 1988), documented, and results are discussed with the
Reactor Safeguards Committee for possible corrective action.

7.0 Exit Meeting

The inspec' tor 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 licensee 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 any 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 Technology Research Reactor for submission to the
Administrator 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 a core of MTR-type fuel, rully enriched in uranium-235
and cooled and moderated by heavy water in a four-foot diameter core
tank, surrounded by a graphite reflector. Af ter initial criticality

on July 21, 1958, ths first year was devoted to startup experiments,
calibration and a gradual rise to one megawat t, the initially licensed

maximum power. Routine three-shif t opera tion (Honday-Friday)
commenced in July 1959. The authorized power level was increased to
two megawa tts 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 wa ter reflector. It is undermoderated for the purpose of
maximizing the peak of thermal neutrons in the heasy water at the ends
of the beam port re-entrant thiebles and for enhancement of the
neutron flux, particularly the fast component, at in-core irradiation
facilities. The core is hexagonal in shape, 15 inches across, and
utillacs fuel eierents which are rhoeboidal in cross section and which
contain DAL intercetallic fuel in the form of plates clad in ,x
aluminum and fully enriched in uraniue-235. Much of the original t

f acility, e.g. graphite reflector, biological and therr41 shields, ,

'

seconda ry cooling sys tems , containment, e tc. , has been re tained.

Af ter Construction Permit No. CPRR-116 was irsued by the f ormer
U.S. Atomic Energy Commission in April 1973, major coeponents for the
modified reactor were procured and the MITR-I 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 f acilities were disasse. led,
removed and avbsequently replaced with new equiptent. After l

properational tests were conducted on all systems, the U.S. Nuclear

_- - _ . . _ . - - _ _ _____ ____ _-_ _ _ _ _ - . .
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Regula tory Commission issued Amendment No. 10 to Tacility Operating
,

License No. R-37 on July 23, 1975. Af ter initial criticality for
MITR-II on August 14th,1975, and several months of startup testing,
power was raised to 2.5 KV in December. Routine 5 KV opera tion was
achieved in 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 HV licensed power level. It was another year in which the safe ty
and reliability of reactor operation fully met the requirements of
reactor users.

A summary of operating experience and other activities and
related statistical data are provided in the following Sections A-H of
this report.

.

f
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A. SUMMARY OT OPERATING EXPERIENCE
.

1. General

During the period covered by this report (July 1,1984 - June 30,
1985), the MIT Research Reactor, MITR-II, was operated on a routine,
live days per week schedule, normally at a 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 ago. The reactor is normally at power 90-100 hours / week,
but holidays, major maintenance, long experiment changes, vaste
shipping, etc. , reduce the average. The reactor routinely opera tes
from late Monday af ternoon until late Friday af ternoon, with
maintenance schedulad for Mondays and, as necessary, for Saturdays.

The reactor was opera ted e.hroughout the sar with 24 or 25
elements in the core. The remaining positions were occupied by
irradiation facilities used for materials testing and the production
of medical isotopes and/cr by a relid aluminum dummy. Comp en sa tion
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 in which fresh fuel was introduced to
the A and B-rings while partially spent elements that had been
originally removed f rom the B-ring were gradually introduced to the
C-ring to replace fully spent elements. Thece procedures were
combined with many element rotations / inversions, the objective of
which was to minimize the effects of radial / axial flux gradients and

thus achieve higher average burnups. -

The MITR-II fuel management program remains quite successf ul.
All but seven of the original MITR-II alements (445 grams U-235) have
been permanently discharged. The average overell burnup for the
discharged elements was 42%. Of the remaining seven elements with the
445 grac loading, it is now projected that six will reach raximum

'

depletion within the next six months. Thirty-six of the new elements
(506 grams U-235) have been introduced to the core. Of thee , thre e
have attained the maxieue allowed fission density. However, these r.ay
be reused if tha t limit is increased as would seem warranted based on
me tallurgical s tudies by DOE. As for the other thirty-three new
elements, they are either currently 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 fror-

DOE are of increasing concern. Specifically, our inobility to ship
spent fuel is forcing us to deviate f rom our normal fuel, cycle in
that

(1) The inventory of partially spent eleeents is below normal.
This is making it difficult to convert from one core
configuration to another.

. _--. . _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ . _ _ ,_ _ _ _ .
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(2) Ixability t3 place fresh fuel is the A cod B-Rings af the
core may necessitate premature C-Ring refuelings in order to
obtain sufficient reactivity for continued operation. This-

will result in lower overall burnups and ultinately increase
our need for additional fuel.

Finally, it should be recoguired that if casks continues to be
unavailable, we will have to request a reins ta tement 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 af ter shutdown (about 1800), on Hondays, and on Saturdays as
ne c e s s a ry.

As in 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
water reflector beneath the core. These had been removed in Novamber
1976 in order to gain the reactivity necessary to support more in-core
facilities.

2. Ex pe rim en t s

The MITR-II was used throughout the year for experieents and
irradiations in support of research and training progrees at MIT and
elsewhere.

Experiments'and irradiations of the fo11cving types were conducted:

a) Neutron dif f raction spectrometer alignmeot and studies (3 ports).

b) The production of M'dssbauer sources by the irradiation of Od-160
and Pt-196 for studies of nuclear relaxa tion of Dy-161 in Gd and
for the investiga tion of the chemistry and structure of gold
compounds.

c) Irradiation of biological, geological, oceanographic, and medical
specimens for neutron activation analysis purposes,

d) Investigation of the technique of neutron-induced autoradiography
for possible use in determining the history and authenticity of
paintings.

-

e) Production of phosphorus-32, gold-198, dysprosiuc-165,
fluorine-1f, oselue-191, and chlorine-39 for cedical research,
diagnostic and therapeutic purposes.

f) Irradiation (1) of tissue specimens on particle track detectors
for plutonium radiobiology. (ii) of agricultural specimens and
animal tissue for boron location, and (iii) of geological saeples
for fissile element distribution.

g) Irradiation of amorphous hydrogenated silicon (a S1 H) to produce
some phosphorous in order to study the effect of such donor ator.s
on the properties of a-SitH.
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h) Use of the f acility for reactor operator training.

'

i) Irradiation damage studies of candidate fusion reactor materials.

j) Tault 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.

'

k) Closed-loop direct digital control of reactor power using a shim
blade as well as the regula ting rod during some steady-s ta te and
transient conditions.

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

m) Meas $remetts of the energy spectrue of leakage neutrons using a
mechanical chopper in a radial beam port (4DH1). Measurements of
the neutron wavelength by Bragg reflection then permits
demonstration of the DeBroglie relationship for physics courses
at MIT and other universities.

o) Detection of trace quantities of fissile nuclides using a delayed
neutron detector.

3. Changes to Facility Design

As indica ted in past reports the uranium loading of MITR-II fuel
has been increased from 29.7 grams of U-235 per plate and 445 grams
per element to a nominal 34 and 310 grams respectively. With the ex-
ception of two elements (plus : third that was found to be out gassing
excessively in July 1985 af ter 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
in 41.2 w/o U in the core, based on 7% voids, and corresponds to the
maximue loading in Advanced Test Reactor (ATR) fuel. The most recent
fuel f abrica tor, Atoeies Interna tional Division of Rockwell Inter-
national, has completed the production of 41 of the more highly loaded
elements, 36 of which have been used to sore degree. Three with about
37% burnup. had been in operation in the core since January 1980 and
were discharged during the year, since they had attained the burnup
limit. Additional elements are now being f abricated by Babcock &
Vilcox, Navy Nuclear Fuel Division.

The MITR staf f has been following with interest the work of the
Reduced Enrichment for Research and Test Reactors (RERTR) Program at
Argonne National 1.abora tory, particularly the development of advanced
fuels that will permit uranium loadings up to several times the cur-
rent upper limit of 1.6 grama total uranium / cubic centimeter. Con-
sidera tion of the thereal-hydraulics and reactor physics of the
MITR-II core design show that conversion of MITR-II fuel to lower
enricheent cost avait the successf ul demons tra tion of the proposed
advanced fueis.

Other changes in the f acility are reported in Section E.

_ __ _ __ _. _ -. . _ _ _ _ - _ - _ _ _ _ - . .-_
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4 Changes in Perf ormance Charac teristics
|,

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

5. Changes in Opera ting Procedures Rela ted to Safety

Amendment No. 24 to the Facility Operating License was issued on
April 2, 1985. It revises Technical Specification 3.9 to authorize
automatic control of shim blades and regulating rod with up to 1.8%
AK/K in available positive reactivity. It also adds a new Technical
Specification 6.4 that authorizes connection of the shim blades and/or
regula ting rod to a closed-loop controller provided that the overall
controller is designed so that control of reactor power will always be
feasible at either .the desired termination point of any transient or
at the maximum allbwed operating power.

MIT is awaiting approval of its application for renewal of
License No. SNM-986. This license covers kilogram quantities of
stightly 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 involved,
beetuse most of the SNM is stored on the reactor site, and much of it
is used on the reactor in accordance with authorized experiment revier
and approval procedures. Revision #1 of the renewal application was
submitted to NRC on July 13, 1964.

Two SAR revisions were submitted during the years

a) SAR Revision No. 31 was rubmitted to NRC in order to update
'

the SAR so that it would reflect several minor changes that
have been incorporated in procedures, related documents, and
drawings. The following Table 1 (Enclosure 1 of Revisiot
No. 31) summarizer. the changes.

b) SAR Revision No. 32 changes the amount of available positive
reactivity that may be connected to an automa tic contro11et
f ree 0.7% to 1.8% oK/K (Sec tion 3.3.2.1.6) and describes
closed-loop control of the reactor by reans of digital
controllers that incorpora te the concept of "f easibili,ty of
control" which in turn, is based on constraining reactivity
within manageable limits (Sections 10.1.6 and 10.2.5). Both
of these changes have been authorized by tne above Amendeent
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 50.59 change described in Section E. AdditionalI

rinor changes are described in Table 2 (Summa ry of S AR
| Changes - SR #0-84-12),

l

!

!

|
\

|

- - -
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Table 1

Enclosure 1
.

Mr. C. Thoma s , USNRC, Division of Licensing, (1/4/85)

SAR Revision No. 31

Remove Insert
Page Page Description of Change

Tig. Tig. Tigure updated to include valve DV-69 which is normally
9.3.1-1 9.3.1-1 locked open but can be used to isolate the helium
(9/24/76) (9/16/83) cover gas sys tem when the blow off pa tch is serviced.

11.3-2 11.3-2 The name of the checklist used to document QA
(3/17/72) (10/26/84) activities has been made more descriptive of its use,

i.e. "Quality Assurance Approval Requirements
Checkliat".

11.3-3 11.3-3 A footnote has been added as a reminder that the
(5/6/82) (16/26/84) uncertainty silowed in the fuel density tolerance was

actually 1.10 rather than the 1.05 envisaged when the
S AR was firs t written.

11.10-3 11.10-3 Same as 11.3-2.
(3/17/72) (10/26/84)

11.17-2 11.17-2 Table 11.17.1 revised to reflect records re tention
(6/30/78) (10/26/04) requirement of nuclear insurer (policy ternina tion plus

& 10 years). Retention time for Itess 2 and 5 reduced to
11.17-3 refleet actual requirements. Name of checklist in Iten
(10/26/84) 17 updated.

.

(uone) 11.17-4 Tig. 11.1-1 revised to show MIT Radia tier Protectiou
(2/10/81) (10/26/84) Cocnittee (inadvertently omitted) and changed

Environmental Medical Service reporting s truc ture.

|

l
I

.
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Succary of SAE Changes - SE 60-64-12

SAR Revision No. 32
.

Page ( Changes

3.3.2-3 Section 3.3.2.1.6 rewritten to reflect change in

Technical Specifica tion 63.9-5

7.1.9-1 Section 7.2 change to reflect use of boron-impregna ted
s tainless steel blades. (This completes a previous
change made earlier.)

7.2-1 Modifies section 7.2 to include variable speed motors
in the control system and shie blades in the automatic
control system. Corrects typographical error in last
line of page.

7.3-1 Changes wording to reflect use of constant or variable
speed motors. . Adds paragraph listing modes of control.

7.4 */ Changer f requency of building lean test troe biannual
to annual which is as specified in the Technical
Spe cifica tions. Adds specification f or damper leak
tes t.

Changes frequency of emergency cooling flow test to
annual which is as specified in the Technical

'- Spe cif ica tions . Delinea tes specifica tion f or the tes t.

7.4-3 Changes f r'equency of calibra tion of reactor outlet
tempera ture switches to annual which is as specified in
the Technical "pecifications. Dele tes word bime tallic
since capillary switches are used.

10.6c New page.

n ,,

10.6d

n n
10.Sc

o ..
10.8d ..

" "
10.31b

1C.32 Adds reference 1C.1.6 1.

.

JUL 16 Bi4
r?. o c . s .t .12.
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With respect to opera ting procedures subject only to MITR
,,

internal review and approval, a summary of those 'related to safety is )given below: |
|

a) An annual independent audit of reactor activities was initiated
in 1983 to supplement the internal audits previously conducted by the
reactor staff. In 1984 Procedure 1.18.2, "Independent Audit", was
written to 'fornalize 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 H O outlet Tempera ture - MTS-1 and2
MTS-1A", formerly required the placement of one thermocouple in the
core tank and a second in an ice bath as a reference while the primary
coolant temperature (and consequently the probes for MTS-1 and 1A) was
varied in the range 25'-55'C. The procedure has been revised to
pe rmi t the use of any calibra ted tempera ture measuring instrument. A

Fluke Da ta Legger calibrated by an independent testing laboratory is
now used. (SR #0-84-17)

c) Procedures 1.13.7, "QA Records", and 1.20, "Records Preservation
and Retention", were clarified in response to a finding in the 1983
independent audit. Some records retention tires were increased in
order to meet nuclear insurer eequireeents. (SR #0-84-18)

d) New paragraph 1.13.9 was added to Procedure 1.13, "Quality
Assurance Program", to state explicitly that the QA Progran is
applicable to packaging for Type 3 quantities of RAM and to fissile
materials not otherwise exempted. New paragraph 1.13.10 was added to
specify that radioactive wastes et 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, "Radiological
Emergency Exercise", was updated to reflect the revised action levels
contained in the Radiation Emergency Plan as most recently approved by
imC. 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 40-84-19)

f) The readouts for Core Tank level meter M1,-3A originally gave the
level in teres of inches below overflow. The scales have been
redesigned to give the icvel in terms of feet above the top of the
core. Procedure 4.4.5.1, "Instructions for Use of Utility Rooe

,

Emergency Gauges", was revised accordingly. (Sh #0-64-22)

g) A review of Procedure Manual Chapter 1, "Administrative
Procedures", resulted in upda tes to name lis ts and other non-subs tan-
tive revisions. Section 1.4.6, "Procedure Nnuals", was revised to
specify where official copies of individual procedures are posted,
e.g. the perchloric acid hood, the reactor floor het cell. Section
1.19, "Receiving, Storing and Issuing of NR1, Ma terials", was revised
to eliminate duplication with Chapter 2 regarding procedures f or
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receipt of reactor fuel. References to NRC licenses held by MIT,
pertinent Parts of 10 CPR, and related written plans that might need'

to be censulted regarding the receipt, storage and issuing of nuclear
materials were added. (SR #0-35-1) '

;

h) Procedure 2.7.1, "Procedure for Receipt of Reactor Puel", was
revised to incorporate those items previously contained in Procedure
1.19.1. Other minor revisions, mostly editorial, were made in the
remaining sections of Procedure 2.7, "Puel Handling". (SR #0-85-2)

i) As the result of errors in sample identification that resulted,
in one case, in the shipping of the wrong sample (see Unusual
Occurrence Report #84-3 and NRC Inspection No. 50-20/85-01), a new
Procedure 3.11.5, "Identifica tion of Pneumatic Tube Samples", was
prepared that consolidated existing memos and verbal directives and
contained new requirements regarding identification of samples.

(SR #0-85-3)

j) An editorial correction in the chart specifying conditions
leading to radiological emergency Actions IX or 2X or AOP 5.6.2 was
made in Procedutes 4.7.2 tod 4.4.4.15 arf in AOP 5.6.2. (SR #0-85-4)

k) The scale on the remote primary storage tank level indicator,
ML-4, has been redesigned to give a direct reading of the storage tank
contents in inches, instead of a psig reading that had to be con-
verted. Procedure 6.5.12, "Prima ry S torage Tank Level Calibra tion",
was revised accordingly. (SR #0-85-5)

1) There previously had been 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-1. A new Procedure 6.5.13
"Shield Storage Tank Level Calibra tion", similar to tha t for the
primary storage tank, was prepared and ins tituted. (SR #0-85-5)

the D 0 dump tank remote level indicator was cali-m) Fo rme r ly , 2
bra ted by va rying the ducp tank level over its range, and the Low
Level Dump Tank Alart and the Transfer Pump interlock were tested by
pumping the ducp tank deva until the level probe, DL-2, was uncovered.
Considerable valving and pumping is avoided by isolating the duep tank
sight glass, DL-1, and attaching a movable D 0 reservoir tha t can be2

the D 0 level in DL-1. This is the sameraised or lowered to vary 2
method that is now used for the primary coolant storage tank and the
shield coolant storage ta nk. Procedure 6.3.8, "Reflector Dump Tank>

Level Alarm, Interlock and Calibration", was rewritten to reflect this
new eethod. (SR #0 85-()

n) Pormerly, calibra tion of the core tank level scram p,oint and the
level indications was accomplished, using Procedure 6.1.3.7, by
observing meter indications as the tank level was lowered in steps of
about 2" each to just above the outlet pipe (radiation levels
permitting). Differential pressure transmi tters , ML-3 A and ML-3B,
respond to coolant level in the core tank through helium backpressure
tha t depends on the coolant level. By isolating the helium and
subs tituting air whose pressure can be varied with a regulator over

_
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120 inches H O (10 feet), as determined by a precision manometer,2
the control room and utility room level indicators can be calibra ted-

and the Low Level Core Tank scram point verified. The advantage is
that the reactor top lid need not be removed, and radiation exposures
are reduced. Procedure 6.1.3.7A, "Calibra tion of Core Tank Level
Indica tions ML-3A, ML-3B, and Verifica tion of Low Level Scram Point",
was issued as an alternate to Procedure 6.1.3.7. (SR #0-85-7)

o) A one-time procedure was reviewed and approved for determining
the neutron transmissin characteristics of an irradiated MITR-II shim
blade. Measurements were made in the spent fuel storage tank.
(SR #0-85-8)

p) Procedure 6.1.2.2, "Main Ventila tion Damper Inspection", which
called f or a light transmission test of the damper gasket seal, was
revised to include also and explicitly a visual inspection of the
condition of the gasket. This constitutes one of the corrective
actions described in Reportable Occurrence Report f 50-20/85-01. (SR
#0-85-9)

1) A new Procedure 7.3.5, "Procedure 'nr Replaceerr t cf the D 02

Recombiner Blower", was prepared and approved for the above
opera tion. (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/$4) to (1) clarify the wording of tables used
to de termine the class cf an erergsucy, (2) delete the procedure step
to open all air lock s in the event that a tornado is anticipated and
(3) make minor changes to clarify other wording. (SR #0-85-12)

s) A new Procedure 7.4.3.7, "Plushing of Hea t Exchangers HM-1 &
RM-1A", was prepared and approved to flush the above two hea t
exchangers with maximum secondary flow without exceeding the primary I

icoolant pressure. (SR #0-85-14)

t) Hiscellaneous minor changes to operating procedures and to
equipment were approved and implemented throughout the year.

6. Surveillance Tests and inspections

There are nacy written procedures in use for surveillance tests
and inspections required by the Technical Specifications. These
procedures provide a detailed method for conducting each test or
inspection and specify an acceptance criterien which cust be met in
order for the equipment or system 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 tes ts and
calibrations are conducted on an annual, semi-annual or quarterly
basis.

. _ _ _ . _ . _ ._ _-_- --
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other surveillance tests are done each time before startup of the
,

reactor if shut down for more than 16 hours, before startup if a
channel has been repaired or de-energized, and at least monthly; a ;

few are on diff erent schedules. Procedures for such surveillance are
incorpora ted into daily or weekly startup, shutdown or other
checklis ts.

During' the reporting period, the surveillance frequency has been
at least equal to that required by the Technical Specifications, and
the results of tests and inspections were sa tisf actory throughout the
year for Tacility Operating License No. R-37. During the containment
building pressure test in April 1985, the seal on the truck lock outer
door could not be tested due to a hydraulic line f ailure. The line
has since been repaired and preparations are being made for a special
pressure test of the truck lock.

.

.

.

W

1

t

0

i

r

- - - - - . . - . - . _ - - _ _ _ _ - _ , - . - . - - - - . . - . - - - - - - - - - - - . . - .
.



~

-13-
<. . .

,

B. REACTOR OPERATION,

Information on energy generated and on reactor operating hours is
tabulated below

Quarter To tal
,

1 _2 3 4

1. Energy Generated (MVD):

a) MITR-II (MIT FY85) 182.1 190.4 225.8 195.0 793.2
(normally at 4.9 MW)

b) MITR-II (MIT TY76-84) 6,970.5

c) MITR-1 (MIT TY39-74) 10.435.2

%

d) Cumula tive, Mnk-1 & Mut-Il 18,196.9

2. Hours of Operation MIT FY1985,
MITR-II

a) At Power (>0.5 MV) 1161.9 1061.1 1148.7 1114.7 4,486.5
for research

b) Low Powe r (< . MV) 48.1 33.6 36.2 39.0 136.9
f or training 1
and tes t

_ .__

c) Total critical 1210.0 1094.7 1184.9 1153.7 4,643.4

Note (1): These hours do not include reactor operator and other
training conducted while the reactor la at full power for
research purposes (spectrometer, etc.) or for isotope
production. Such hours are included in previous line.

.
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C. SHUTDOWN AND SCRAMS
.

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

The 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 suberitical by the
reactor operator in response to an abnormal condition indication. Rod
drops and electric power loss without protective system action are
included in shutdowns.

The following summary of scrams and shutdowns is provided in
approximately the same format as last year in order to f acilitate a
comparison.

I. Nuclear Safety System Scrams Total

a) Cian. 6 scram at 4.2 HV due to trip
malfunction while reshieming i

b) Blade 6 dropped off while meter adjusted 1

c) Vithdraw permit opes on relay failure 1

Sub to tal 3

II. Proce s's Sys tems Scraes

a) Low Flow Prima ry Coolant scram during
servicing of flow recorder 1

Sub to tal 1

III. Unscheduled Shutdowns or Power Reductions

a) Shutdowns det to Electric Company power los 3

b) Operator lowe'ed power to investigates

i) Medical shutter operation 1

11) Low pressure in the helium supply to an -

1rradiation thimble 2

Subtotal 6

*

Tota 1 10

The 10 scrams and shutdowns during TY 85 compare with the 19, 25,
and 28 experienced in TY 84, FY 83, and TY 82 respectively.
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D. MAJOR MAINTENANCE

'

Major saintenance projects during FY86, including the ef fect, if
any, on safe operation of the reactor, are described below in this
section.

TY85 saw a continuation of the efforts in repairing the cooling
towers which have been e'eteriorating due to age and ice forming on
the outside panels. Exterior panels on both cooling towers were
repaired and steam cleaned. Drain holes were drilled on the north-
east side of cooling tower #1 where the majority of the ice had built
up in the winter. Ins tallation of the drain holes allows water to
re turn to the interior of the cooling tower thereby reducing water
accumulation on the outside of the tower where ice could form.
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 towers were inspected and cleaned. The underground
valves to the cooling tower basins had ceased to operate due to age.
Replacement of these valves was initiated in FY85 and will be com-
pleted in TY86. There are a total of 2 eight inch, 2 six inch, and 2
three inch butterfly valves to be replaced.

Diaphrages in the pneumatic operator of the automatic solenoid
opera ted valves in the primary, core purge, and cedical shutter
systees were replaced as a preventive maintenance measure. The
transmitter for the reflector level indication system was replaced
with a new unit because repair parts for the old unit are no longer
supplied by the manufacturer.

The piping for the dump tank level indication vos modified so as
to allow calibration of the remote level indication without actual
inventory change in the dump tank. New stainless steel clad thermo-
couples were obtained for calibration of the two temperature sensora
in the priea ry core tank. The new calibration procedure and set-up
allows calibration of the temperature probes without removing the
reactor top shield lid. These two improvements reduce much of the
radia tion exposure to the operators who are perfereing these
calibrations.

The hydraulic lines for the truck lock of the reactor concainment
building ruptured during routine use of the lock. The steel hydraulic
lines were replaced. The hydraulic hoses on the ventilation intake
damper showed signs of deterioration and were replaced. The gaskets
which form an air tight seal in the intake damper were found to be
worn and were replaced with a new set. The accumulator in *.he hydrau-

,

lie systee of the ventilation exhaust damper developed a nitrogen
leak. The diaphragm of the accumulator was replaced. The core purge

blower in the primary system was replaced due to excessive wear inside
the housine on which the graphite vanes of the rotor ride. The timing

of the lobes in the D 0 helium recombiner blower became out of-2
synet roniastion due to normal wear, and the blower was replaced with a
new unit.

f
' Nany other routine maintenance and preventive r.aintenance jobs

were done throughout the year.
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E. SECTION 50.59 CHANCES, TESTS AND EXPERIMENTS
,

This section contains a description of each change to the
f acility or procedures and of the conduct of tests and experiments
carried out under the conditions of Section 50.59 of 10 CFR 50,
together vi th a summary of the saf ety evaluation in each case.

The review and approval of changes in the f acility and in the
procedures as described in the SAR are documented in the MITR records
by means of "Saf e ty Review Fores". These have been paraphrased for
this report and are identified on the following pages for ready
reference if further information should be required with regard to any
ites. Pertinent pages in the SAR have been or are being revised to
reflect these changes, and they will be forwarded to the Chief,
Standardization and Special Projects Branch, Division of Licensing,
USNRC.

The conduct of tests and experinents on the reactor are normally
documented in the experiments and irradiation files. For experiments
carried oct under the provisions of 10 CFR 50.59, the review and
approval is documented by means of the Sat'ety Review Form. Als other
experiments have been done in accordance with the descriptions
provided in Section 10 of the S AR, "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 described on the following pages:

4

e

$

1

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

SRf-M-81-3 (11/17/81), M-81-4 (12/10/81), E-82-2 (01/08/82),
E-82-3 (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 (02/08/83), 0-83-12 (04/23/83),
0-83-20 (07/20/83), 0-84-11 (06/25/84), 0-84-12 (07/12/84), 0-84-16
(12/6/84), 0-84-21 (11/1/84), 0-85-11 (5/9/85), and 0-85-13 (6/28/85).

A joint projec t involving computer analysis, signal validation of
data from reacto< . instruments, and ciosed-loop control of the MIT
Reactor by digitti computer was continued with the Charles Stark
Draper Laboratory in Cambridge. A non-line Ar supervisory algorithm
has been derninped and demons trated. It functions by restricting the
net reactivicy so that the reactor period can be rapidly made infinite
by reversing the direction of control red motion. It, combined with
the signal validation procedures, insures that there will not be any
challenge lo the reactor safety system while testing closed-loop
control methods. Several such methods, including decision analysis,
"fussy" logic, and modern control theory, continue to be experimen-

'tilly evalvs ted. The eventual goal of *.his program is to use fault-
tolerant computers coupled with closed-loop digital control and signal
valida tion me thods to demons trate the improvements tha t can be
achieved in reactor control.

Each new step in the program is evaluated for safety in accor-
dance with standard review procedures (Saf e ty Review numbers listed
above) and approved as necessary by the MIT Reactor Safeguards
Committee.

In initial tes ts, the digital controller was designed to control
the reactor's regula ting rod. That rod, whose worth is limited to
0.7% AK/K and is actually worth 0.2% AK/K, is normally positioned by
an analog controller. The digital controller has been shovo to be
equal to the analog one during near steady-s tate conditions while
transients such as those due to xenon or temperature are in progress.

Some of the subsequent tes ts were or will be conducted under the
conditions of 10 CFR 50.59, i.e. consideration was givea to the
possible exis tence of unreviewed saf ety ques tions:

1) Experiments were conducted in which the digital controller
was connected to a shim blade drive (instead of the
regulating rod, as described'above). This required .

8.ni tia 11y tha t the available positive reactivity the t could
be inserted if the blade were to be fully withdrawn be
limited to 0.7% AK/K or less. It was concluded that no
unreviewed safety questions were involved, inci'uding
consideration of any increased probability of continuous
blade withdrawal and any increased probability of excessive
positive reactivity insertion. See alse Saf ety Reviev
#0-84-11, submitted to hTC, Standaridiastion and Special
Projects Branch, Division of Licensing, on January 11, 1985.

.

I
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2) Turther experiment. ill involve the use of a variable speed
,

motor on a shim blace da place of the usus1 constant speed
motor that een insert reactivity at a raxinue rate of
1x10-4 K/K per second. Tne variabl. -d motor, in>

out-of-core tests, could not exceed an insertion rate of
4x10*'oK'X per second, less than the Technical
pecification limit of 5x10*' 4K/K per second, based on

this and other considerations detailed in safety review
#0-84-11, no unreviewed saf e ty ques tions have been
identified.

In order to condset further tests with available positive reacti-
vities exceeding 0.7 AK/K, a facility operating license amendeent was
submitted to NRC (January 11, 1985) that wouldt

. (1) permit closed-loop control of one or more shim blades
and/or the regulating rod provided that no more than
1.8% AK/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 is designed so that reactivity is
constrained sufficiently to permit control of reactor
power within desired or authorized limits.

Amendment No. 24 authorizing the above activities was issued by
NRC on April 2,1985. Pertinent pages of the SAR that concern the
reactor control system have been upda ted through submission with the
Janua ry 11, 1985 le tter of S AR Revision No. 32.

.

.
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F. ENVIRONMENTAL SURVEYS

,

!.

'Environmental surveys, outside the f acility, were performed using area
monitors. The systems (located approximately in a \-mile radius from '

the reactor site) consist of calibrated G. M. detectors with associated ;<

electronics and recorders. -

r
*

;

The detectable radiation levcis due to argon-41 are listed below

Site July 1,1984 - June 30,1985 !

I
March 3.1 mR/ yeari

South 3.6 mR/ year

i East 4.7 mR/ year

| West 1.0 mR/ year

Green (East) 0.4 mR/ year
!

! Fiscal Yearly Averages

i
,

1978 1.9 mR/ year |j

j 1979 1.5 mR/ year (
'

I 1980 1.9 mR/ year
J

1981 1.9 mR/ year

1982 2.5 mR/ year'
,

, i

1983 2.3 mR/ year j

1984 2.1 mR/ year !.
,

I

1965 2.2 mR/ year [

!

|
i

,

'

i

'
[

i i

i
!

... ,, _ . - . .
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G. RADIATION EXPOSURES AND SURVEYS WITHIN THL FACILITY

A summary of radi,ation exposures received by facility personnel and experimenters
is given below:

,

Whole Body Exposure Range (Rems) Period 7/01/84 - 6/30/85 i

i
No. of Personnel ,

Mo Measurable................................................. 89

Measurable - Expo sure le s s than 0.1 . . . . . . . . . . . . . . . . . . . . . . . . . . 30

0.1 - 0.25..................................................... 8

: 0.25 - 0.5.................................................... 14
6

0.5 - 0.75..................................................... 3

0.75 - 1.0......................,< ............................ 1 |
,

9.95| Total Personnel - 145 Total Man Rem =

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

During the 1984-1985 period, the Reactor Radiation Protection Office continuedx

' to provide radiation protection services necessary for full-power (5 megawatts)
operation of the reactor. Such services (performed on a daily, weekly, or;

*monthly schedule) include the following:
,

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

$

1

j 2. Collection and analysis of water samples taken from the reactor i

| cooling towers, D,0 system, vaste storage tanks, shield coolant. |
heat exchangers. !uel storage f acility, and the primary system. |

<

3. Perf ormance of radiation and contamination surveys, radioactive<

vaste collection, calibration of reactor radiation monitoring ,

systems, and servicing of radiation survey meters. *

;

!! 4 The providing of radiation protection services for control rod
) removal, spent-fuel element transfers, ion column removal, etc.
2

The results of all surveys described above have been within the guidelines L

[
,

; ostablished for the facility. *

i

i

'

E
"

: :

i

i
|

| I

i
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H. RADI0 ACTIVE EFTLUENTS*

This section sume.arizes the nature and amount of liquid, gaseous
and solid radioactive wastes released or discharged from the facility.

1. Liquid Vaste

Liquid radioactive wastes generated at the f acility are
discharged only to the sanitary sewer serving the f acility. There
were three sources of such wastes during the years the cooling tower
blowdowns; the liquid waste storage tanks and laboratory drains. All
of the liquid volumes are measured, by is- the larges t being the
4,213,000 liters discharged during FY 1982 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 is not routinely reasured.)

All releases were in accordance with Technical Specification
3.3-1, including Part 20 Title 10, Code of Federal Regula tions.
Thire are to reportable radionuclides inasmuch as all ectivities were
substantially below the limits specified in 10 CTR 20.303 and 10 CFR
20, Appendix B. Note 5.

2. Caseous Vas te

caseous radioactivity is discharged to the atmosphere f rom the
containment building exheust 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 af ter the authorized dilution f actor of 3000.

Also, all were substantially below the limits of 10 CTR 20, Appendix
B, Note 5, with the exception of argon-41, which is reported in the

1.04 x 10 g76 Ci of Ar-41 was released at an average
f ollowing Table H-1. The 4

pCi/ml for the year. This represents 26%
concentration o{ pCi/ml) and is only about half the previous year'sof MPC (4 x 10" ,

: release. The improvement is the result of extensive studies of the
' sources generating Ar-41 in the reactor and of the inert gas blanket

sys tems that minimise the generation.

3. Solid vaste

only one shipment of solid waste i 4 made during the year,
inforsa tion on which is provided in the following Table H-2.

.

k

.I

r

b

I

1

- - - -
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Table H-1
I

ARCON-41 STACK RELEASES
,

.

T* SCAL YEAR 1985

+

Ar-41 Average
Discharged Concentration (l)*

(Curies) (WCi/ml)
.

July 1984 381 1.28 x 10 8
'

August 689 1,85

$eptember 442 1,49

October 453 1.22

'

November' 173 0.58

December 217 0.73
,

January 1985 280 0.75

Februa ry 268 0.90
'

Ma rch 265 0.89

April 182 0.61

May 363 0.97

June 363 1.22 r-

l'

,

12 sonths 4076 1.04 x 10*8 ,

i

MPC (Table II, Column I) 4 x 10*8

% MPC 26% |

f
,

f

Notes (1) Af ter authorized dilution factor (3000).
:

I

i I
:

. _ . . _ . - - _ . .
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TABLE H-2

.

StMMART OF MITR RADI0 ACTIVE SOLID WASTE SHIMfENTS TISCAL YEAR 1985

UNITS SHIPMENT #1 TOTAL

. . . -

'1. Solid waste packaged Cubic 120 ; 120
Teet *

q.

2. Total activity (irradiated (C1) 0.067 0.0w/
{ components, ion exchange
! resins, etc.)

J 60Co. 51Cr, 55-59 ,7

0
Zn, etc.

3. (a) Dates of Shipment 3/26/85

! (b) Disposition to licensee Radiation
for burial Service

Organization
,

I !

;

4

1 .

2

1

.
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_

O ct N A AUNG 138 Ataay Street Cambric;e Mass 02139 L CLAAk JA
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.

August 30, 1985

Dr. Thonas E. Hurley, Administrator
U.S. Nuclear Regulatory Commission
Region il

631 Park Avenue
King of Prussia, PA 19406

Subject: Annual Report, License R-37, Docke t No. 50-20

Tear Dr. Hurley:

Torwarded herewith are two (2) copies of the Annual Report for
the HIT Research Reactor for the period July 1,1984 to June 30 1985,
in corp 11ance with paragraph 7.13.5 of the Technical Specifications
for Facility Operating Licease R-37.

,

Sincerely,

L aA GA
Lincoln Clark, Jr.
Direc tor of Reactor Operations

LC/gw
Enclosure: As stated

cci MITRSC
USNRC-Ol&E
USSFC-DME
USNRC-0MIPC
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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 >hesachusetts
Institute of Technology Research Reactor for submission to the Admin-
istrator of Region 1. United States Nuclear Regulatory Commission, in
compliance with the re quir ement s 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-shif t operation (Monday-Triday) commenced in
July 1959. The authoiized power level was increased to two megawatts
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 compac t core,
cooled by light water , and surrou6.ded laterally and at the bottom by a
heavy water re flector. It is undermoderated for the purpose of maxi-
mixing the peak of thermal neutrons in the heavy water at the ends of
the beam port re-entrant chimbles and for enhancement of the neutron
fl ux , particularly the fast com po ne n t , 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 contain
UALx internetallic 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 fo rmer
U.S. Atomic Energy Commission in Aprst 1973, major components for thet

modified reactor were procured and the MITR-! was shut down on May 24,
1974, having logged 250,445 megawatt hours during nearly 16 years of
operation.

;
IThe old core tank, associated piping, top shielding, control rods

and drives, sa$ some experimental facilities were d i s a s s emb l ed , re- ,

moved and subsequently replaced with new equipment. After pro pe r a-
tional tests were conducted on all systems, the U.S. Nuclear

3

|
L

.
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Regulatory Cocanission issued Arsendenent No. 10 to Facility Operating
License No. R-37 on July 23, 1975. After initial criticality for
HITR-II on August 14th, 1975, and several months of startup testing,
power was raised to 2.5 W in Dec emb er . Routine 5 W operation was
achieved in December 1976.

,

his is the eleventh annual re po r t required by the Technic al.,

Specifications, and it covers the period July 1,1985 through June 30,'

1986. Previous reports, along with the "MITR-11 Startup Re po r t"
(Re por t No. MITNE-198, February 14, 1977) have covered the startup
testing period and the transition to routine reactor operation. His '

re port covers the ninth full year of routine reactor operation at the
5W licensed power level. It was another year in which the sa fe ty
and reliability of reactor operation met the requirements of reactor
users.

'A sumary of operating experience and other activities and re-
laced statistical data are provided in the following Sec t ions A-H o f
this report.

I

j

.
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A. SUMMARY OF OPERATING EXPERIENCE*

1. General

During the period coveted 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 SMW. It was the
ninth full year of normal operation for MITR-II.

The reactor averaged 75.4 hours per week at full power compared
to 86.3 hours per week for the 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, vaste 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 Gf them occur ring at
Christmas and New Ye a r ' s . The reactor routinely operates from late
Monday af ternoon until late Friday af ternoon, with maintenance sched-
uled for Mandays and, as necessary, for Saturdays.

The resetor was operated throughout the year with 24 or 25 ele-
ments in the core. The remaining positions were occupied by irradia-
tion f ac ilities used for materials testing and the production of
med ic al isotopes and/or by a solid alumints: d unusy. Compensa tion for
reactivity lost due to burnup was achieved through five refuelings of
several elements each. The fir st of these entailed the introduction
of three fresh elements to the core's intermediate fuel ring (the
B-ring). The othere 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 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-
4

mise the effects of radial / axial flux gradients and thus achieve
higher average burnups.

! The MITR-Il fuel management progras remains quite successful.
| All but seven of the original MITR-II elements (445 grams U-235) have

been permanently discharged. The average overall burnup for the dis-
charged elements was 42%. Of the remaining seven elements with the
445 gras loading, six will reach maxistas depletion within the next few
nunths. Thirty-six of the new elements (506 grams U-235) have been
introduced to the core. Of them, three have attained the maxistss al-
loved fission density. However , these may be reused if that limit is

i increased as would 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 continued delays in the availability of a licensed cask frors
DOE are of increasing concern. Specifically, our inability to ship
spent fuel is causing our total fuel inventory to approach our author-
imed passession limit and is forc ing us to deviate from our normal
fuel cycle in that

.
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(1) The inventory of partially spent elements is now substan-'

tially below normal. Bis is making it difficult to convert
from one core configuration to another.

(2) Inability 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 increase our need for additional fuel.

Finally, it should be recognised that if casks continue to be unavail-
able , we will have to request a reinstatement of part or all of our
pr evious license limit for possession of U-235 in order to continue
o pe r at ion.

Protective system surveillance tests are conducted on F iday
evenings after shutdown (about 1800), on Mandays , and on Saturdays as
necessary.

As in previous years, the reactor was ope r ated throughout the
period without the fixed ha fnitse absorbers, which were de s igned to
achieve a maximum pe aking of thr: thermal neutron flux in the heavy
water reflector beneath the core. These had been removed in November -

1976 in order to gain ene reactivity necessary to support more in-core
i facilities.

2. Experiments

The MITR-!! was used throughout the year for experiments and
ir r ad ia tions in support of research and training programs at MIT and
elsewhere.

Experiments and irradiations of the following types were conducted:

a) Neutron dif fraction spectrometer alignment and studies (3 ports). ,

, ,
I

b) he production of MYssbauer sources by the irradiation of Gd-160 f

and Pt-196 for studies of nuclear relaxation of Dy-161 in cd and
for the investigation of the chemistry and structure of gold com- |
pounds,

i c) Irradiation of biological, geological, oceanographic, and medical
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 (i) of tissue specimens on particle track detectors
for plutonitse r ad iob iolog y , and (ii) of geological sanples for
fissile element distribution.

' f) Irradiation of amorphous hydrogenated silicon (a-Si:H) to produce !

I some phosphorous in order to study the ef fect of such donor atoms
1 on the properties of a-Si:H.

r

.
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3) Use of the f acility for reactor operator training,-

h) Irradiation damage studies of candidate fusion reactor materials.

l i) Tault detection analysis of the output of control and process
channels from the MIT Reactor as par t of a study leading to
control of reactors by ute of fault-tolerant, digital computers.
This ef fort 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 andi

l transient conditions. A new relation, the alternate dynamic
; period equation, was developed and used as the basis of a reactor

controller.
t

k) Experimental studies of various closed-loop control techniquesj

! including rule-based control and the use of reactivity con-
i straints.

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

J m) Measurements of the energy spectrum of leakage neutrons using a
,

mechanical chopper in a radial been port (4 DH1) . Measurements of f

.

the neutron wavelength by Bragg reflection then permit s demon-
| stration of the DeBroglie relationship for physics courses at MIT ,

and other universities. ;
,

,

o) Detection of trace quantities of fissile nuclides using a dslayed
t

i neutron detector.

{ 3. Changes to Facility Design

! As indicated in past reports the uranium loading of MITR-Il fuel
i has been increased from 29,7 grams of U-235 per plate and 445 grams !

i per element to a nominal 34 and 510 gram respectively. With the ex-
1 ception of cl.ree elements that were found to be ou t-g a s s ing exces- ,

; sively per formance 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 71 voids, and
;
' cor re s ponds to the maximum loading in Advanced Test Reactor (ATR) ,

fuel. The most recent fuel fabricator, Atomics International Division
i of Rockwell International, completed the production of 41 of the more
I highly losited elements, 36 of which have been used to some degree.
I Three with about 371 burnup were in operation in the core starting in
; January 1980 and were discharged last year, since they had attained
! the burnup limit. Additional elements are now being f abr ic a t ed by
| Babcock & Wilcox, Navy Nuclear Fuel Division. -

.

j The MITR staf f 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 ur anium loadings up to several times the
1

1

i

I
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current upper limit of 1.6 grams total ur anius/ cubic centimeter.'

Consideration of the thermal-hydraulics and reactor physics of the
MITR-II core design show that conversion of MITR-11 fuel to lower
enrichment must await the successful demonstration of the pro posed
advanced fuels.

Other changes in the facility are reported in Section E.

4. Channes in Performance Characteristics

Performance characteristics of the MITR-II were reported in the
"MITR-II St ertup Repor t". Minor changes have been deseribed in pre-
vious reports. Dere were no changes during the past ye a r .

5. Channes in operatina Procedures Related to Safety

Dere were no scendments to the Facility Operating License during
the last year.

MIT has received approval of its application for renewal of
License No. SNM-986. This license covers kilogras quantities of
slightly enriched U-235, normal and depleted U, and gram quantities
of Pu. Other licenses covering smaller quantities of similar material
have been combined with License $NM-986. We MIT Reactor is involved,
because most of the SNM is stored on the reactor site, and much of it
is used on the reactor in accordance with authorized experiment review
and approval procedures.

| (pality Assurance Program Approval for Radioactive Material Pack-
ages No. 164, Rev. 1, was renewed on June 20, 1986 (Rev. 3). This Ap-'

proval is required for the shipment of (1) Type B quantities of radio-
active saterial and (2) fissile mate-ial 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
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 11 was submitted
five years earlier.

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

3) In paragraph !!.15. "Non-Conforming Material, Parts or Con-
ponenta", the granting of waivers from material or f ab r ic a-
tion specifications is explicitly recognised.

4) Fig. 11.1-1 was updated to reflect the fact that the Machine
Shop foreman now r e por t s 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--

nel review and approval, a sunnary of those related to safety is given
below:

a) In order to satisfy the surveillance requirements established by
the new Technical Specification #6.4 ( Arsendment No. 24 to Facility i

! Operating License No. R-37, April 2, 1985), Procedure 6. 7.1, "Shia
i Blade Digital Centrol Systers Surveillance", was prepared aM approved.
| It provides for (1) the periodic measurement of dif ferential and inte-

gral control blade worths. (2) functional check of the sur d iary per-
,

iod trip prior to use of the closed-loop digital contreft system for
shim blades , (3) annual calibration of the digital system so f tware 's
recording of blade psition against the actual blade psicion, and (4)
preparation of a quarterly procedure to check the speed limiter on a
variable speed motor if one is installed and used on a shim blade as
part of the digital control. (SRf0-85-15) |

b) As he result of a recommendation contained in the inde pendent |;

audit 4 MITR operations and endorsed by the MITR Safeguards Comreit- F

; tee, Fiocedure 1.14.3, "Equipment Tagout Pr oc ed ur e" , was revised to
incorperate a lockout procedure in a new "Equipment Tagout and I,ockouti

Procedurs"- (SRf0-85-17)
,

c) The original conductance probe that provides a scram signal for a
lov 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 i

of the Reactor Systems Manual, and a precedure wat writ ten for inclu- I
'

sion in FM 3.1.1.1.2, the reactor instrumentation startup checklist.
(SRf0 85-18) ,

4 ;

d) Procedure 7.1. 5, "Damper Accumulators Charging and Actuator In-
spection Procedut e, Main Damper - Auxiliar y Damper Inspection", was

.

revised to require annual r e pl ac r. men t of the hydraulic oil filter. ;| This requirement was adopted following failure of the isolation valve
to close on demand, as reported in Reportable Occurrence Report #85-3.

i (SRio-85-19)

e) The "Schedule of Surveillance Tests and Calibrations" Procedure
7. 3.1, wa s revised to include Procedure 6.5.13 "Shield Storage Tank j4

]
Level Calibration" (established by SRf 0-85-5 last year) and Procedure
6.7.1, "Shin Blade Digital Control System Surveillance" (item (a)
above). (SRf0-85-21)

f) Procedure 4.4.4.16. "Instructions to the MIT Campus Police During
MIT Reactor Radiological Emergencies", was revised to clarify the in- ,

structions (no substantive changes). (SR #0-85-22) f

,

b

i g) The emergency operating plans and procedures were updated to make ;

j 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 ,

i PM 4.4.4.14, the list of area occupants is updated. (SRf0-85-23) !

!

:.

>

F

>
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h) Procedure 1.10. "Experiment Review and Approval", was revised to'

require explicitly the review of criticality considerations for in-
I reactor samples, and Procedure 1.18, "Audits", was revised to require '

an administrative audit of SNM criticality safety. (SRf0-86-1)

i i) In Procedure 5.8.9, "Malfunction of a Shin Blade / Regulating Rod",
the discussion of passible blade / rod salfunctions was clarified, and
the erroneous operation of a blade drive motor was specifically listed
as a reason for scraevning the reactor along with a requirement to fol- ,

low the approved restart procedure. (SRf0-86-2) '

j) In Procedure 6.1.1, "Emergency Cooling Systea", the revalving
necessary to check the ope.' ability of the s ys t ers 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.
(SRf0-86-3) |

'

k) The Emergency Plan (PM 4. 7.2 ) , three Emergency Procedures (PM
: 4.4.4.14, PM 4.4.4.15 and PM 4.4.4.16) and an Abnormal Operati3g Pro-
1 cedure (PM 5.6.2) were revised to implement changes requested by the
.I MIT Reactor Safeguards Committee at its Dec ember 1985 meeting
l (SRf0-86-6):
!
1

,

1) The effluent release criterion for determining action levels ;;

j was clarified,

i 2) Cambridge Civil Authority titles were up-dated.

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

1 ified.
!

1) In accordance with a requirement of SNM License No. 986, as
i renewed on buvember 13, 1985, that the MIT Reactor Sa feguard s '

: Convnittee membership collectivriy have the capability to review |

) criticality safety including non-reactor applications, the M1TRSC !

|
Charter was revised aceoidingly. (SRf0-86-7)

4

I
m) Procedure 2.7.1, "Receipt of Reactor Fuel", was clarified to make

clear that the shipper of fuel is r e s ponsible for providing in-
3

!. transit security. (SRf0-86-8)
,

j n) The checklist used for Procedure 6.1.2.1, "Build ing pressure ;

' Te s t " , was revised so that both phases of the test were conducted j
with the truck lock inner door sealed. Both because 'of a sus-> ,

I pected leak in the truck lock itself and because the outer door
'

was there fore not tested, the inner door must be sealed during
reactor ope r at ion until the leak is repaired and the lock and
outer door tested. (QAf0-86-1)

B

o) Miscellaneous minor changes to operating procedures and to equip-
,

1 ment were approved aM implemented throughout the year.

)
i

'
;

I

4

.
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6. Surveillance Tests and Inspections

There are many written procedures in use for surveillance tests
and inspections required by the Technical Specifications. These pro-
cedures provide a detailed method for conducting each test .or inspec-
tion and specify an acceptance criterion which must be set in order
for the equipment or systes to comply with the requirements of the {
Technical Specifications. The tests and ins pec tions are scheduled
throughout the year with a frequency at least equal to that required
by the Technical Specifications. Twenty-seven such tests and calibra-
tions 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 if a chen-
nel has been repaired or de-energized, and at least monthly 1 a few are
on different schedules. Procedures for such surveillance are incor-
porated 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 Technical Specifications, and
the results of tests and inspections were satistsetary throughout the j

ye ar for Facility Operating License No. R-37. The truck lock is out
of commission as of this writing due to a suspected leak and is iso-
lated by the inner truck tock door from the reactor containment build-
ing.

l

.

4
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5. REACTOR OPERATION

Information on energy generated and on reactor operating hours is
tabulated below

:

Quarter Total r-

1 2 3 4

l

1. gnergy Generated (WD):
'

t

a) MITR-II (MIT FY86) 171.9 173.1 159.4 162.7 667.1 i

(normally at 4.9 m) |

b) MITR-II (MIT FY76-85) 7,763.7 !
:

c) MITR-I (MIT FY59-74) 10.435.2
i

d) Cumulative, MITR-I 18,866.0
& MITR-II <

F

,

2. Hours of Operation MIT '

FY1986, MITR-II
i

a) At Power (>0. 5 W) 1,021.9 932.9 978.2 985.7 3,918.7 i
for research

55.6 54.2 55.6 30.4 195.8b) Iow Power (<g g *)
-

for training ;

and test ,

:|

1 \

|

c) Total critical 1,077.5 987.1 1,033.8 1,016.1 4,114.5

i

Note (1): These hours do not include re ac tor operator and other j

training conducted while the reactor is at full power for [
research purposes (spectrometer, etc.) or for isotope
production. Such hours are included in previous line. !

; <

5

.

.

I

1

k I
:
!

v

a

I
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C. SHUTDOWN AND SCRAMS

During the period of this report there were 14 inadvertent scrans
and 13 unscheduled power reductions.

The term "sc ree" refers to shutting down of the reactor through
,

| protective system action when the reactor is at power or at least
j critical, while the term "r ed uc t io n" or "shutdown" refers to an 1

'unscheduled power reduction to low power or to suberitical by the
reactor operator in response to an abnormal condition indication. Rodi

drops and electric power loss without protective system action are
included in shutdowns.4

The following summary of scrans and shutdowns is provided in
approximately the same fore st as for pr evious years in order to
facilitate a egeparison.

,

I. Nuclear Safety System Scrams Total

i

a) Chan. 6 scram due to failure to raise f
trip before opening thermal column steel doors 1 :

) b) Blade 6 dropped off while magnet current was
I being adjusted 1 ,

) c) Blade 3 dropped of f while beins calibrated .

'

j due to dirty contacts on the period simulator
receptacle 1a

! d) Withdraw permit open on relay failure 1

i e) Withdraw permit open for no apparent cause 1 !

' f) Dump valve relay failur6 2

g) Lov voltage on detector power supply 2 [

|

Subtotal 9 !4

1

!!. Process Systems Scrams

!
;

ja) High Temperature Reactor Outlet scram
while operating too close to trip point 2 |

;

b) Failure of relay associated with secondary ;
4

; coolant pumps 1
.

'
; c) Loose connection in secondary flow scram circuit 1

] d) Simultaneous deflation of both gaskets on
,

main personnel lock due to interlock malf uction 1 l
,

i

$ b

Subtotal 5 t

! l
r
I.

| i

!

|

I
i
! |
1

t
-

.

!
.

!-
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I
!!!. Unscheduled Shutdowns er Power Reductions*

a) Shutdowns due to Electric Company power loss 4

b) Operator shut reactor down due tot

i) !=sinent arrival of Hurricane Gloria 1

li) Failure of plenum gao #2 monitor 2

iii) Reduction in compressed air pressure
for main personnel lock 1

c) Operator lowered power to investigate t

i) 14w pressure in the helium supply at an
irt adistion thimble 2

11) Malfunction of plenum particulate monitor 1

iii) Trip of secondary booster pump caused by
defective controller contacts 1

d) Operated at 2.5 W to permit repair of broken
drain line for cooling tower riser pipe 1

Subtotal 13

Total 27

The scrans and shutdowns during n 86 compare with the 10, 19,
25, and 28 experienced in n 85, n 84, n 83 and n 82 respectively.
The inc r e ase in n 86 is due both to outside sources (power loses and
hurricane) and to component aging. Relay f ailures have been a fre-
quent cause, and selective replacements are now being made in an
e f fort to reduce the number of such f ailures.

.



_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

,

-

-13-

D. HMOR HAINTENANCE-

Hajor saintenance projects during TY86, including the effect, if
any, on safe operation of the reactor, are described in this section.

rY86 saw a continuation of the efforts in restoring the cooling
towers closer to their original performance levels. The underground
valves to the cooling tower basins had ceased to operate due to age.
Replacement of these valves was init ia t ed in FY85 and com ple t ed in
FY86. There were a total of 2 eight inch, 2 six inch, and 2 three
inch butterfly valves. New screens were f ab r ic a t ed and installed to
cover openings at the bottom of the cooling towe r s and around the
basins. The screens prevent debris and large objects fross f alling in-
to the basins and fouling the system. The coupling on the shaf t of j

cooling tower f an nuraber one failed and was replaced. The sprinkler ;

system for protection against fire on both cooling towers had devel- j~
oped an air leak. Due to old age, the entire system, including the
piping and nogales that are ex po sed to weather, was replaced. As a .

means of impr oving 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 so as to remove the build-up of bio-deposits and other pollu-
tants in the secondary system.

One of the main heat exchangers, HE-1A dich developed a leak in .

'

FY85, was completely decoupled from the primary system and isolated on
the secondary system side. 1.eak testing on the heat exchanger was in-
itiated and is still in progress. Heat exchanger integrity is neces-
sary to prevent ytential fission products or other radioactivity from
entering the secondary system.

i
'ne gaskets on the main intake da:sper, main exhaust d ampe r , and
!the auxiliary exhaust damper were replaced as the result of conditions

noted during a serei-annual damper ins pec t ion, ne pillar block bear- t

ings on the main shaf t of the exhaust f an developed noise and caused ,

abnormal vibration. They were replaced. The intake fan motor was i

also replaced when it showed signs of bearing failure. The flexible i

expansion joints of the intake air plenum at both the suction and dis- i

charge of the intake fan had deteriorated and were replaced. An oil f
'

filter, similar to the one in the intake damper system for cleaning i

the hydraulic oil, was added to the exhaust damper hydraulic systen so |
as to remove the debris which may have accumulated in the system over j
time ard which might prevent closure of the darsper, as happened with
the intake damper (see Reportable Occurrence Re por t No. 85-3). The ;*

hydraulic systess for the main personnel outer door was disassembled |
and rebuilt after seeing signs of sluggish performance during normal !
usage.

,

i

A conspensated ion chamber (Channel 7 of the nuclear instrumenta- j
;

; tion) which is used for power level indication throughout the source
.

I range and the pwer range showed signs of breakdown at voltages above [
the operating value. The chamber was replaced with another three inch !

I compen s ated ion chamber , the prt plug for this chamber was rede- .

I signed to allow easy repositioning of the chamber within the shielding
'

!

i

i :
i . )
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* alter installation. The new design also incorporates a lead shield in1

front of the chamber so as to compensate for some of the ef fects due>

'

to gamma radiation. Neutron shields were added to some of the beam
ports on the reactor floor in an effort to reduce further the

, ,

background level for the spectrometers used for physics experiments. i

!

| While performing the on-going preventive maintenance procedure on ;

j the control blade magnets, the magnet on control blade number 5 was !

2 identified as weak and was replaced. Preventive maintenance was also
i performed on the exterior of the containment shell. The paint on the l

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 a hurricane during the year. [
i The wind vane and the wind velocity indicator were replaced. |

1

'

Many other routine taaintenance and preventive maintenance jobs
were done throughout t he ye ar .

'

t

!

;
.

.

'

I

i

1

!

l |

| l

i t

i
j

.

.i ,

I

|

: |

1 i

L,

I
a
i

i
i

!

I

I. i
.

e

I |
\ \

'
i

.

i i

l.
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|* E. SECTION 50.59 CHANCES. TESTS AND EXPERIMENTS f
r
1

nis section contains a description of each change to the facitt- ;'

ty or procedures and of the conduct of tests and experiments carried'

i out under the conditions of Section 50.59 of 10 CTR 50, together with
j a summary of the safety evaluation in each case.
I

{ he review and approval of changes in the facility and in the i

procedures as described in the SAR are documented in the MITR records i

i by means of "Safety Review Fores". Dese have been paraphrased for i

this report and are identified on the following pages for ready refer- i

i ence if further information should be required with regard to any j
ites. Pertinent pages in the SAR have been or are being revised to .

; reflect these changes, and they will be forwarded to the Chief, Stan- ;

dardiestion and Special Projects Branch, Division of Licensing, USNRC. .I
!n

1 ne conduct of tests and experiments on the reactor are normally
j documen t ed in the experiments and irradiation files. For experiments
j carried out under the provisions of 10 CTR 50.59, the review and ap- |;

j proval is documented by means of the Safety Review Form. All other
1 experiments have been done in accordance with the descriptions pro-

,

J vided in Section 10 of the SAR, "Experimental Tacilities". [
j

,

Tor the past year the only facility changes and experiments car- |
! ried out under Section 50.59 were in connection with the digital ;

closed-loop computer control project described on the following pages: '

I'

|

!

i |

} .

4 1

| '

,

,.

i

,

'

|
;

,

! l
4 r
'

I

l'

!

I
i

-

!

)
i

j t

'
|

; :
1 |

| >

!

.

|
, -_
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i Digital Computer Control of Reactors Under Steady-State and Transient-

' Conditions

sri-M-81-3 (11/17/81), M-81-4 (12/10/81), E-82-2 (01/08/82),
E-82-3 (02/24/82). E-82-4 (03/03/82), g-82-5 (04/14/82), E-82-6

3

; (07/13/82), o-83-5 (02/03/83), z-83-1 (02/08/83), o-83-12 (04/23/83),
o-83-20 (07/20/83), o-84-11 (06/25/84), o-84-12 (07/12/84), 0-84-16

j (12/6/84), 0-84-21 (11/1/84), 0-85-11 (5/9/85), 0-85-13 (6/28/85),
0-85-16 (7/12/85), 0-85-20 (8/16/85), 0-85-25 (12/1/85), 0-85-26

1 12/1/85).

A joint proj ec t involving computer analysis, signal validation of
data from reactor instrussents, and closed-loop control of the MIT Re-

| actor by digital computer was continued with the Qiarles Stark Draper ,

t.aboratory in Cambridge. A non-linear supervisory algoriths 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
me t hod s . Several such methods, including decision analysis, rule- *

based control, and modern control theory, continue to be experimental-
! ly evaluated. The eventual goal of this progras is to use fault-
; tolerant computers coupled with closed-loop digital control and signal ;

i validation methods to d ersons t r a te the improvements that an be r

i achieved in reactor control.
I i

j zach new step in the program is evaluated for safety in accor- |

|
dance with standard review procedures (Safety Review numbers listed j

j above) ard approved as necessary by the MIT Reactor Safeguards Conunit- !

: tee,
1

Initial tests of this digital closed-loop controller were con-
j ducted in 1983-1984 using the facility's regulating rod which was of

relatively low reactivity worth (0.2% AK/K). Following the successfuli

! completion of these tests, a facility operating license amendraent was
submitted to NRC (January 11, 1985) that wouldt |

1 ;

! (1) permit closed-loop control of one or more shim blades |

) and/or the regula t ing rod prov id ed that no more than [
1.8% AK/K could be inserted were all the connected con- t

]
. trol elements to be withdrawn,

|

! (2) prait closed-loop control of one or more shim blades ;

I and/or the regulating rod provided that the overall |

! controller is designed so that reactivity is can- i

, strained sufficiently to permit control of reactor
! Nwer within desired or authorised limits.

| !
.

|
,

|

| t
.

Ii

[
*

i

i
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heendment No. 24 authorising the above activities was issued by*

NRC on April 2, 1985. Pertinent pages of the SAR that concern the
reactor control systes have been updated through subsission with the
January 11, 1985 letter of SAR Revision No. 32.

A successful experimentation program is now in progress under the
provisions of this license emendment. The te st program that was
originally per formed using the regulating rod was re pe a ted using a
shie blade which was of considerably greater reactivity (1.41 AK/K).
Also a protocol has been developed in which this controller is used to
monitor, and if necessary override, other novel controllers that are
still in development. One series of tests is being conducted under
the conditions of 10 CFR 50.59. It was found that the observation of
controller performance could be maximised if the speed of the associ-
ated shim blade were reduced (i.e., made more conservative because the
available rate,'of reactivity addition is reduced). Accordingly, the
timing chain sprocket of one of the reactor's six shim blades was
changed so that this one blade could only be moved at half-speed.
This is a temporary change that will be removed once the test progree
is question is completed. It was concluded that no unreviewed safety
questions were involved in this change.

|
|

.
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F. ENVIRONMENTAL SURVEYS*

Environmental surveys, outside the facility, were per formed using
area monitors. The systems (locat ed approximately in a 1/4-mile
radius from the reactor site) consist of calibrated G.M. detectors
with aseoe.iated electronics and recorders.

The detectable radiation levels due to argon-41 are listed below:

Site July 1. 1985 - June 30. 1986

North 0.4 mR/ year

South 2.1 mR/ year

East 6.0 mR/ year

West 0.4 mR/ year

Creen (East) 0. 2 mR/ year

Fiscal Yearly iverages:

1978 1. 9 mR/ye ar

1979 1.5 mR/ year

1980 1.9 mR/ year

1981 1.9 mR/ year

1982 2. 5 mR/ ye ar

1933 2.3 mR/ tear

1984 2.1 mR/ year

1985 2.2 mR/ year-

1986 1. 8 mR/ ye a r

.
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G. RADIATION EXPOSURIS AND SURVEYS WITHIN THE FACILITY
*

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

Period 7/01/85 - 6/30/86

Whole Body Exposure Range (Reas) No. of Personnel

No Me a s u r ab l e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 3

Meas urable - Exposure le ss than 0.1. . . . . . . . . . . . 68

0.1 - 0.25...................................... 6
,

0.25 - 0.5..................................... 10

0.5 - 0.75...................................... 2

i

0.75 - 1.0...................................... 2 :

Total Personnel - 161 Total Man Res - 10.3
:

S umm ary of the results of radiation and con t amina t ion surveys (
from July 1985 to June 1986: '

During the 1985-1986 pe r iod , the Reactor Radiation Protection i

Office continued to provide radiation protection services for !
full power (5 segawatts) operation of the reactor. Such services I
( pe r formed on a daily, weekly, or monthly schedule) include the '

following:

1. Collection and taalysis of air samples taken within the i
containment shell, and in the exhaust-ventilation system. [

!
2. Collection and analysis of air sample s taken frce the

D0 systes, waste storage tanks, shieldcooling towers, 2
coolant, heat exchangers, fuel storage f ac ility, and the (
primary system. ;

3. Pe r formanc e of radiation and contamination surveys,
'

r adioac t ive vaste collection, calibration of reactor
radiation manitoring systems, and servicing of radiation
survey meters.

}
4. The providing of radiation protection services for control |

r od r emov al , spent-fuel element transfers, ion column t

renoval, etc. !

r

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

L

!

I

!

l
I

* |

|
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H. RADIOACTIVE EFFLUENTS-

his section Summarizes the nature and amount of liquid, gaseous
and solid radioactive wastes released or discharged frors the f acility.

1. Liquid Waste

Liquid radioactive vastes generated at the facility are dis-
charged only to the sanitary sewer serving the facility. There 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
3,970,00. 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 par t s of MIT, but no credit for
such dilution is taken since the volume is not routinely measured.)

All releases were in accordance with Technic al Specification
J.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, No t e 5.

2. Gaseous Waste

Gaseous cadioactivity is disenweged to the atmosphere from the
containment building exhaust stack and by evaporation fran the cooling
to we r s . 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 linics of 10 CFR 20, Appendix
B, Note 5, with the exception of argon-41, which is reported in the
following Table H-1. The 3{97 Ci of Ar-41 were released at an average
concentration o uci/mi for the year. nis represents 26%
of HPC (4 x 10"g 1.05 x 10"pCi/mli and is about the same as the previous year's
release.

3. Solid Waste

only one shipment of solid waste was made during the year, infor-
mation on which is provided in the following Table H-2.

.

_ . , - - - - - - - - - . - , - . - , _
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TABLE H-1

ARGON-41 STACK RELEASES
.

FISCAL YEAR 1986

Ar-41 Average
Discharged Concentr ation(I)

(Curies) (yci/ml)

July 1985 384 1.03 x 10-8

August 314 1.05

September 337 1.19

Oc tober 477 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 3797 1.05 x 10-8

MPC (Table II, Column I) 4 x 10-8

% MPC 26%

B

Note: (1) Af ter autbarized dilution f actor (3000).

.

- - - -
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TABLE H-2

I

SUMMARY OF MITR RADIOACTIVE SOLID WASTE SHIPMENTS |

FISCAL YEAR 1986
.

Units Shipment #1 Total

1. Solid waste packaged Cubic 75 75
.' Fee t

2. Weight Pounds 2336 2336 ,

3. Total activity (Ci) 0.097 0.097
(irradiated components,

k3" **h*Cr 55*. h * * #*
65Zn, etc.

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

(b) Disposition to Rad iac
licensee for burial

.

I

r

h

.
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| |NUCLEGR REACTOR LABORATORY

AN INTERDEPARTMENTAL CENTER OF '

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

O K HARLING 138 Albany Street Cambroge, Mass 02139 L CLARK, JR
Dnector (617)253 4202 D' rector of Aeactor Operations
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MIT RESEARCH REACTOR,

ANUAL REPORT TO.

DRITED STATES NUCIJLAR REGUIATORY CGOIISSION

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

Introdu'ction

This report has been prepared by the sta f f of the Maosachusettr,
Institute of Technology Research Reactor for submission to the Admin-
istrator of Region 1, United States Nuclear Regulatory Connission, in
compilance with the requirements of the Tec hnic al Spec i fic a tions to
Facility Operating License No. R-37 (Doc ke t No. 50-20), Paragraph
7.13. 5, which requires an annual repo rt 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. Af ter 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-
m um po we r . Routine three-shift operation (Monday-Friday) commenced in
July 1959. The authorized power level was increased to two megawatts
in 1962 and five megawatts (the design power level) in 1965.

Studies of an improved design were first undertaken in 1967. The
c onc e pt which wa s finally adopted consisted of a more compact core,
cooled by light water, and surrounded laterally and at the bottom by a
he avy wa t e r re flec tor. It is undermoderated for the purpose of maxi-
mizing the peak of thermal neutrons in the heavy water at t he end s o f
the beam po e t re-entrant thimbles and for enhancement of the neutron
flux, particularly the fast c orsponen t , at in-c o re irradiation facili-
ties. The core is hexagonal in shape , 15 inches across, and utilizes
fuel elements which are rhoeboidal in cross section and which contalt
UAL in te rne t allic fuel in the fo rm of pla te s clad in aluminum andx
fully enriched in uranium-235. Much of the original facility, e.g.
graphite re flector, biological and thermal shields, secondary cooling
systems, containment, etc., has been retained.

Af ter Construction Permit No. CPRR-118 was issued by the fo rme r
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 nearly 16 years of
operation.

The old core tank, associated piping, top shielding, control rods
and drives , and some experimental f ac ili t ies were disassembled, re-
moved and subsequently replaced with new equipment. Af ter preopera-

tional tests were conducted on all systems, the U.S. Nuclear

.
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Regulatory Comnission issued Amendment No. 10 to Facility Operating
License No. R-37 on July 23, 1975. After initial criticality for

.

MITR-II on August 14th, 1975, and several months of startup testing,
powe r was raised to 2.5 MW in Dec embe r . Routine 5 MW operation was
achieved in December 1976.

This is the twel f th annual report required by the Technic al
Spec i fica tions , and it covers the period July 1,1986 through June 30,
1987. Previous reports, along with the "MITR-II Startup Re po r t"
(Report No. M ITNE -198, Feb ruary 14, 1977) have covered the startup
testing pe riod and the transition to routine reactor operation. This
report covers the tenth full year of routine reactor operation at the
5 MW licensed powe r level. It was another year in which the sa fe ty
a nd reliability of reactor operation met the requirements of reactor
users.

A s ununary o f o pera ting ex perience and other activities and re-
lated statistical data are provid ed in the following Sec t ions A-H o f
this report. -

.
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*' A. SUMMARY OF OPERATING EXPERIENCE

1. General
.

During the period covered by this report (July 1, 1986 - June 30,
1987), the MIT Research Reactor, MITR-II, was ope ra ted on a routine,
five days per week schedule, normally at a nominal SMW. 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 pe r week fo r the previous year and 86.3 hours per week
two years ago. The reactor is normally at power 90-100 hours / week,
but holidays , maj or maintenance, long experiment changes, waste ship-
ping, etc., reduce the average. During t he past year it was reduced
more than usual as the result of two week-long shutdown s for major
maintenance activities (described later), one of them occurring at Ne w
Year's and one later in April. The reactor routinely operates from
la te Monday af ternoon until late Friday af ternoon, with maintenance
scheduled for Nndays and , as necessary, for Saturdays .

ne 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 dumny. Compensa tion for reactivity
lost due to burnup was achieved through seven refuelings of several
elements each. The first of these entailed the introduc tion of three
low burnup elements to the core's interatediate fuel ring (the B-ring).
The others involved a continuation of the pr ac t ic e begun in previous
years in which partially spent element s that had been originally
removed from the B-ring were gradually introduced to the C-ring to
re pl ace fully spent elements. These procedures were combined with
many element rotations / inversions , the objec tive of which was to mini-
mize the e f fects of radial / axial flux gradients and thus achieve
higher average burnups. An additional refueling wa s per fo rmed for
removal of the one inch in-core facility so as to facilitate the
design and installation of a new loop research projec t .

The MITR-II fuel management p rog rar2 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 wa s 42%. The maximum overall burnup achieved was 48%.
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 re used if that limit
is increased as would 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 cask is expec ted to be
licensed later on this ye a r , the delay has thus far caused our total
fuel inventory to approach the a ut horized pos se s s ion limit and con-
tinues to force us to deviate from our normal fuel management practice
in that:



cO-.
.

.

..

(1) The inventory of pcrticily sp:nt elem:nts is n:w s ub s t an t i-
ally below normal . This is making it difficult to convert
from one core configuration to another.

,

(2) Inabili ty 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 ord er to obtain suf ficient reac tivity for con-
tinued operation. This will result in lower overall burnups
and ultimately iner ease our need for additional fuel .

,

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

Pro tec tive system s urve illance tests are cond uc ted on Friday
evenings after shutdown (about 1800), on Mondays, and on Saturdays as
necessary.

As in previous ye a r s , the reactor was ope rated throughout the
period without the fixed ha fnitan absorbers, which were designed to
achieve a maximum peaking of the thermal neutron flux in the he avy
water reflector beneath the core. These had been removed in November
1976 in order to gain the reac tivity necessary to support more in-core
facilities.

2. Expe rirnent s

The MITR-II was used 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 conduc ted :

a) Neutron dif frac tion spec trometer alignment and studies (3 ports).
In pa r t ic ul a r , the study of the use of pendel16 sung oscillations
in the scattering of neutrons inside perfect crystals to greatly
enhance the e f fee t of spin-orbit contribution to high-energy
ne u t ron-nucle ar scattering is being carried out by the neutron
diffraction group.

b) The production of M5ssbauer sources by the irradiation of Gd-160
and Pt-196 for studies of nuclear relaxation of Dy 161 in cd and
for the investigation of the chemistry and structure of gold com-
pounds.

c) Irradiation of archaeological, environmental, engineering materi-
als, biological, geological, oceanographic , and medical specimens
for neutron ac tivation analysis purposes.

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

e) Irradiation of tissue spec imens on particle teack detectors fo r

._ _ _ . , . __
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plutonitse rcdiebiolegy.
,

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

doses of fast neutrons.

g) Use of the facility for reactor operator training.

h) Irradiation of geological materials to determine quantities and
d.istribution of fissile materials using solid state nuclear track
detectors.

i) Feult 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 e f fort 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 new relation, the alternate dynamic
period equation, was developed and used as the basis of a reactor
controller.

k) Ex pe rimen tal st ud ie s of various closed-loop control te c hn '.que s
includ ing r ul e-b a s ed control and the use of reactivity con-
straints.

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

m) Measurements of the energy spectrtru of leakage neutrons using a
mechanical chopper in a radial beam port (4DHl). Measurements of
the neutron wavelength by Braga re flec t ion then pe rmit s demon-
stration of the DeProglie relationship for physics courses at MIT

and other universities.

o) De tec tion of trace quantities of fissile nuclides in geological
material using a delayed neutron detector.

Two research projec ts that will make major use of the reactor in
the next and s ub se quent years have been funded and are in various
stages of design and development . Wey did no t actually make use of
the reactor during the year, although reactor support s e rv ic e s , 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 wa ter reac tor industry
which will involve the installation of pressurized loops 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 ex te n sion of previous research to develop the
boron neutron capture method of therapy for brain c anc e r (glio-
blastoma). his is a collaborative ef fort with the Tufts University
New England Medical Center.
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3. Chengts to Facility Dasign
,

Except for minor changes reported in Sec tion E, no changes in the |,

facility design were made during the year. As ind ica ted 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 Nuc lear Fuels, Inc., New Ha ve n , Connec ticut ) to a nominal 34

and 510 grams respectively (made by the Atomics International Division
of Rockwell International, Canoga Park, Cal i fo rnia ) . With the excep-
tion o'f five element s that were found to be outgassing excessively,
pe r fo rmanc e has been good . (Please see Reportable Occurrence Repo rt s
Nos. 50-20/79-4, 50-20/83-2, 50-20/85-2, 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 comple ted the production of 41 of
the more highly loaded elements in 1982, 36 of which have been used to
some degree. Thr ee with about 37% burnup we re in operation in the
core starting in January 1980 and were discharged in 1985, since they
had attained the burnup limit. Add itional elements are now being
fabricated by Babcock & Wilcox, Navy Nuclear Fuel Division, Lynchburg,
Virginia. Three of these have been received at MIT and are scheduled
for use early in the coming year.

The MITR staff han been following wi th interest the work of the
Reduc ed Enrichment for Re se a rch a nd Te st Reactors (RERTR) Progr am at
Argonne Na t ional Laboratory, particularly the development of advanced
fuels that will permit uranite loadings up to several times the recent
upper limit of 1.6 grams total uraniem/ cubic centimeter. Cons id era-
tion of the thermal-hydraulics and reactor physics of the MITR-II core
design show that cor. version of MITR-II fuel to lowe r enrichment must
await the successful demonstration of the proposed advanced fuels.

4 Changes in Performance Characteristics

Per fo rmance c harac teris t ic s of the MITR-II were re por t ed in the
"MITR-II Startup Report". Minor changes have been described in pre-
vious reporta. There were no changes during the past year.

5. Ch an ge s in Operatine Procedures Related to Safety

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

Quality Assurance Program Approval for Radioactive Material Pack-
I a g e s No . 164, Re v . 1, was renewed on June 20, 1986 (Rev. 3). Th i s Ap-
( proval is required for the shipment of (1) Type B quantities of radio-
I 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 support s Approval tb. 164. The
changes to Chapter 11 were minor and were de sc ribed in last year's
Annual Re po r t . Cha pt e r 11, as revised, was submitted to USNRC on
April 7, 1987 as Sa fety Analysis Re port Revision No. 33 for the pur-,

| pose of updating tha t doc ument .

|

|
i

|
__
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With resp 2ct to opsreting proccduros subject only to MITR inter-
,

nal review and approval, a summary of those related to safety is given
below:,

a) Evacuation maps fo r the reactor of fice 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 pe r fo rmed year round. '!he we ekly
checklist covers items that need to be c hecked frequently and the
twelve monthly checklists cover items that need to be se rvic ed at a
longer but regular interval . (SR #0-86-10)

c) Procedure 4.4.5.1, "In s t ruc t ions for Use of Utility Room
Emergency Gauges", was revised to change the valve designation pre fix
from XTV to XV. 'Ihi s wa s done to simplify the valve numbers as well
as matching those on the valve tags. (SR #0-86-12)

d) Procedures 4.4.4.3, "Reactor Fire", 5.7.8, "Smoke De tec to r
System", and 6. 6. 2. 2, "Sel f-Contained Brea thing Device s", were revi sed
to reflect recent changes to OSHA requirements. OSHA regulations
(CPL 2-2.20A) prohibit the use of the ten minute sling s el f-c on ta in ed
breathing dev ic e s for entry to a building. Ac c o rd ing ly , the storage
loca tion of the MITR's s el f-c on t a ined b re a t hing devices were changed
so that the thirty minute units are outside the reactor containment
for reentry purposes and the ten minute units are kept in the contain-
ment for use in exiting . (SR #0-86-14)

e) A new conbustible gas meter was purchased to replace an old unit
which was used for detec tion of hydrogren builduo in both the medical
water shut ter sys tem and the air space on top of the core tank undee
the lid (core purge), and deuterium bui ld up in the heavy- water
re flec tor system in the event of isolation in any of these systems.
Procedures 6.5.20.1, "Ca l ib r a tion of Combustible Gas Meter", and

6.5.20.2, "Combustible Gas Meter Use", were modi fied to incorporate
changes pe r t inen t to the use of this new meter. Calibration and con-
version charts were included in the p roc edure s to preclude any
ambiguity on interpretation of the meter readings. (SR 40-86-15)

f) The administrative procedures, Chapter 1 of the Proeddure Manual,
were revised to update the lists of names and committee memberships.
This does not involve any change to the procedures. (SR #0-87-1)

g) Procedure 6.3.4, "Fan Interlocks and Alares", was revised to in-
elude separate s te ps for opening the auxiliary dampers and stack base
d ampe r , and fo r starting the auxiliary fans and pneumatic blowe r .
This change re fined t he existing procedure by making explicit several
steps that had previously been implicitly assumed by the original pro-
c ed ure . (SR #0-87-2)
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h) Proc ed uras 3.1.1.1, "Full Paw:r Start up Ch:cklist - M:chtnical",,

3.1.1.2, "Full Powe r Startup mecklist Instrumentation", 3.1.1.3.-

'"Full Power Startup Checklist Cooling Tower Operation", 3.2.1,-
.

"Shutdown from Operation at Po we r" , 3.5, "Surveillance Check for Con-
t inuous Operation", were upd a ted to incorporate changes to various
systems. Mode of operation is changed from using all three heat-
exchangers simultaneously to using two at a time. Provisions are
inc orpo ra ted to alternate the two on-line heat exchangers so as to
preclude fouling resulting from stagnation of water. This new mode of
o pe ra t' ion provides better flow charac teristics and standby assurance
of a heat exchanger. (SR #0-87-3)

i) Procedures 1.16.2, "MITR Ope r a tion s Qual i fic a tion Prog ram fo r
Senior Opera tor s /Shi f t Su pe rv i so r s" , and 1,16.3, "MITR Operations
Qualific a tion Prog ram fo r Ope r a t o r s" , were upd.i t e d to re flec t fo rma t
changes of the page layout and correction of' typographical errors.
There were no changes to the procedure. (SR #0-87-4)

j) The graphite stringers in the graphite region of the reactor have
been in use since 'startup of the original reactor, MITR-I. As a means
of inspecting the conditions of the graphite reflector region and the
outside surface of the re flec tor tank, three procedures were devel-
oped. The first proc edure 7.6.1, "Special Proc edure for Graphite
Region Inspec tion", outlines the steps necessary for removal of a ver-
t ic al irradiation f acility (3GV2) in the graphite region, insertion of
a pe risc ope fo r visual ins pec t ion , acquisition of graphite spec imens
from the high flux region, ac cui si t ion of helitan s amples from the
graphite region, and finally reassembly of the irradiation facility.
The second procedure 7.6.2, "Measurement of Wigner Stored Energy in
Graphite", outlines the steps necessary for determination of the
Wigner stored energy, if any, in the specimtns taken from the graphite
reflector. The third procedure, 7.6.3, "Graphite Combus tion Te st",
outlines a procedure for cotducting c omb u s t ion tests on samples of
irradiated and unie rad ia ted graphite. Precautionary information was
incorporated whenever appropriate throughout these procedures.
(SR # 0-87-5 and 0-87-6)

k) Procedures 3.2.4, "Re s pon se to Weekend Alarus", 3.7.1, "Weekly
Sec urity mecklist", 3.7.2, "Daily Sec urity Checklist", were revised
to reflect t he installation of a remote s urve ill ance system for the
control room and remote indic a tion panel fo r alarms and radiation
levels. The daily and weekly security checklists were upd a ted to
implemen t new procedure to control access to the parking lot af ter
normal business hours. (SR #0-87-7)

1) Proeecures 5.6.1, "High Radia tion Se t -Up Area vault", 5.6.4,
"Trouble W12 Casma Monitor", were upda t ed to re flect the location
change of the reactor fuel vault which is no longer the small vault in
the set-up area in W12. (SR #0-87-8)

m) Nine sets of boron stainless steel control blades were procured
in FY 1987. As part of the quality assurance progran requirements,
neutron transmission te s t s were necessary for final verification of

- _- _ _ _ - - . - - - -
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tha catorials used for fsbrication. Proccdure 7.6.4, "Shim Blads
Ne ut ron Transmission Tests", was established for this purpose. This
procedure represents a consolidation of all previously used procedures

,

as doctsnented by individual memos to the appropriate Q/A files.
(SR #0-87-9)

n) The "Waste Storage Tank Dump Proc ed ur e" , procedure 3.6, was
revised (1) to add a step to require verification of the operability
of the sewe r monitor prior to use, (2) to add RRPO form 2005 which
shows 't.he details of the e f fluent calculation. This form had been in
use since July 1985 and is incorporated here as part of the procedure.
(SR #0-87-10)

o) Procedures 6.5.9.1, "Area Monitor Calib ra tion Proc ed ur e" , and
6. 5. 9. 3, "Calibra t ion Procedure for Fuel Vault Monitor", were revisad
to reflect the following changes: (1) the log N-16 monitor is no
longer in use (because of the existence of the linear N-16 monitor
which provides the same functions) and thus deleted from the proce-
d ure , (2) the new auxiliary core purge monitor has been installed and
is added to the procedure, (3) the distances at which the calibration
measurements are taken were c hanged to give better results. (SR
#0-87-12)

p) The equipment roon sump tank was replaced by a stainless unit.
An "Equipment Room Sump Tank" procedure was established to outline the
necessary steps in removing the old unit and installing and plumbing
in the new one. (SR tH-86-1)

q) The checklist us ed for procedure 6.1.2.1, "Building Pressure
Test", was revised to reflec t the fac t that the leak on the outer door
o f t he truck lock had been repaired, and that both doors should be
tested ind e pe nd en t l y . (QA #0-87-1)

r) Miscellaneous minor changes to operating procedures and to equip-
ment were approved and implemented throughout the year .
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6. Survaillance Tests and, Ins; actions,

There are many written procedures in use fo r surveillance tests.

a nd inspections required by the Technical Specifications. These pro-
cedures provide a detailed method for conducting each test or inspec-
tion and specify an acceptance criterion which must be met in order
fo r the equi pmen t or system to conly wi th the requirements of the
Technical Specifications. The tests and inspections are scheduled
throughout the ye ar wi th a frequer,cy at least equal to that required
by the Technical Specifications. Twenty-ceven such tests and calibra-
tions are conducted on an annual, semi-annual or quarterly basis.

Other surveillance tests are done cach time before startup of the
reactor if shut down for more than 16 hours, before startup if a chan-
nel has been repaired or de-energized, and at least monthly; a few are
on dif ferent sched ul es . Procedures fo r such surveillance are incor-
po ra t ed into daily or weekly startup, shutdown or other checklists.

During the reporting pe r iod , the surveillance frequency has been
at least equal to that required by t he Technical Speci fica tions , and
the results of tests and inspec tions were satis fac tory throughout the
year for Facility Operating License No. R-37.
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Bo REACTOR OPERATION
,

Information on energy generated and on reactor operating hours is.

tabulated below:

Quarter Total

1 2 3 4

1. Energy Generated (MWD):

a) MITR-II (MIT TY87) 190.1 185.9 203.4 182.6 762.0
(normally at 4.9 MW)

b) MITR-II (MIT FY76-86) 8,430.8

c) MITR-I,(MIT TY59-74) 10,435.2
.

d) Cumulative, MITR-I 19,628.0
& MITR-II

2. Hours of MITR-II Operation
(MIT FY87)

a) At Powe r 1,097.7 1,000.5 1,087.7 977.0 4,162.9
(>0.5 MW)
for research

:

b) Low Power 56.9 30.4 19.8 30.9 138.0

training |II(<0.5 MW for

and test

c) Total critical 1,154.6 1,030.9 1,107.5 1,007.9 4,300.9

(I Note: These hours do not include reactor o pe r a to r and other
t raining conduc ted while the reactor is at full power for
research purposes ( s pec t rome te r , etc.) or fo r isotope
p rod uc t ion . Such hours are included in the previous line.

,

i
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C. SHUTDOWN AND SCRAMS,

During the period of this report there were 10 inadvertent sc rams.

and 11 unscheduled power reduc tions .

The te rm "s c r am" re fe r s to shutting down of the reactor through
protective system action when the reactor is at powe r or at least
c ritic al , while the term "reducticn" or "sh u t d o wn" re fe r s to an
unscheduled power reduction to low powe r or to sube ri t ic al by the
reactor operator in response to an abnormal condition indication. Rod
d rops and elec t ric powe r loss without protective system action are
included in shutdowns.

The following summary of scr ams and shutdowns is provided in
approximately the same fo rma t as for previous years in order to
facilitate a comparison.

I. Nuclear Safety System Scrams Total

a) Channel 3 noise resulting from technician
failure to adecuately secure chassis in rack 1

b) Channel 3 due to faulty coaxial connector 1

c) Channel 3 noise due to cold solder joint I
d) Low voltare on detec tor power supply due to

failure of the A.C. constant voltage power
supply 1

Subtotal 4

II. Process System Scrams

a) Primary pump circuit breaker opened on
thermal overload due to a defective heater 2

b) High temperature reac tor outlet sc ram due to
operator inadvertently slamming closed the
door of temperature indicator 1

c) High temperature reactor outlet scram due to
technician investigating sticky recorder I

d) Low flow secondary coolant due to operator
tripping pump by mistake 1

e) Simultaneous deflation of both gaskets on main
personnel lock due to trainee error 1

'

Subtotal 6

i

. . .
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III. Unschsduled Shutdewns er Pow r Reductions.

.

a) Shutdowns due to Electric Company power loss 5

b) Operator shut reactor down due to:

i) High plenum particulate activity resulting |
from trainee failure to secure core purge.

filter housing adequately 1

11) Low oil pressure in exhaust damper due to
hydraulic pump failure 1

lii) Oil leak in intake damper 1

iv) Winds greater than 60 mph I

c) Opera tor lowered power to investigate:
i

i) Low pressure in the helium supply at an
irradiation thimble 1

11) Tripping of a cooling tower fan due to
vibration switch 1

Subtotal 11

Total 21

Experience during recent years has been as follows for scrams and
unscheduled shutdowns :

Fiscal Year Number

83 25
84 19
85 10
86 27
87 21

|

f
r
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D. MAJOR MAINTENANCE,

Major maintenance projec ts during FYS7, includlag the ef fec t , if,

any, on safe operation of the reactor are described in this section.

Many major maintenance items were performed in FY87 in anticipa-
tion of s uppor ting the necessary requirements of the upc oming dose
reduction project for light wa te r reactors. In order to support the
projec ted elec trical loads for the loop experiments, a new three phase
electrical penetration through the containment shell was installed and
leak tested. Appropriately sized electrical cables were installed to
bring the powe r from the pene t ra tion to the motor control center in
the equipment room where the main switch gear is located. Additional
cables we r e brought from this loc a tion to the reactor top where the
instrumentation for the experiment is located. This new three phase
system wi th a neutral ground is designed to operate at 480 V with a
peak current of 400 A.

In addition to enhancing the high voltage electrical service
capability, heat removal capability was also increased by installation
of a new heat exchanger for experimental coolant. his heat exchanger.

is capable of rejecting 50 kW of test at 120'F. This heat exchanger
is located in the equipment room together with the other proc.a s s ing
c omponen t s . Piping was installed from the heat exchanger to the
reactor floor where the out-of pile experimental coolant tank will be
located.

In FYA7, nine se t s of control blade absorbers and six electro-
magnets were f ab rica ted in our own machine shop. We se included the
armature assembly and the pieces to fo rm the connecting rod. All the
installed cont rol bisde ab so rb e r s ( 6 ), magnets (6), and the regulating
rod ab so rb er( 1 ) wre replaced wi th new ones, he control rod drive
mechanisms (7) were rebuilt and replaced. New calibration curves were
generated wi th the standard calibration procedures. We old set of
absorbers was in service since 1981 and had accumulated over 100,000
MWH o f ex po s ur e ,

ne graphite region was last inspected during the modification in
1974 and 1975. A procedure and tools were developed to in s pec t the
conditions of the graphite stringers in the graphite re flec tor. Ac-
cess was gained by the removal of a graphite vertical facility (30V2).
A perlocope was inserted into the graphite region and inspected both
the graphite stringers in the vicinity and the surface of the reflec-
tor tank. Craphite samples were taken and tests were pe r fo rmed to
d e t e rmin e their stored Wigner energy and combustibility. We results
showed no signs of any stored energy in the graphite nor any ability'

I to support combustion, even at temperatures in excess of 1200'C. We
,

physical appe a rance of the graphite stringers was t he same as when
installed. A film presumably oxides, however, was found on the,

re flec tor tank. A subsequent vis ual inspection is sc heduled to be'

performed early in the coming year.

De equipment rocun sump tank and ptzsps were replaced because of
excessive corrosion accumulated over the years. De new surep tank was

i

I

i

l
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cada of stainless stool so as to inhibit exidation of th2 tank. The
' two old submersible pumps were replaced by a sel f-pr im ing gear pum p

which has more than the c ombined capacity of the two submersible
,

pumps.
1

The leak on the truck lock outer door was found and repaired. It 1

passed the annual containment pressare test with adequate margin. An
old PCB t r an s fo rmer , which developed a very email leak, was removed
and dis po sed of in accordance with the environmental sa fety require-
m en t s . ' The trans former had been used for operating the helitan re frig-
eration plant fo r the cryogenic system. his experiment ha s no t been
active for many years and vt11 be dismantled; therefore, the trans-
former need not be replaced.

Two new electrodes for cathodic protection of the steel contain-
ment shell were installed to inc rea se protection coverage near the
truck lock and cooling tower area where the secondary pipe s t.r e
located. The se two addi t ional electrodes replenish the decrease of
elec t ric al potential in the soil due to deterioration of the older
units. The condensers in the air conditioning units fo r the contain-
ment building were completely flushed and cleaned. Good size leaks in
the coolinF coils in the intake plenum we re found and repaired. 1his
restored the capacities of these two units.

The leak checking on one of the main heat exchanger s , HE-1 A, is
still in progress. Various methods of locating leaks in the approxi-
mately 1000 tubes have been tried. The helium leak detection method
was found to be the most sensitive and is being used. One of the cool-
ing tower booster pumps devel oped a leak on the sha f t seal which was
subsequently replaced.

To provide improved surveillance of reactor status prior to entry
under emergency conditions, a TV camera systen comple te with pan and
tilt capabilities was installed in the control room for remote moni-
toring the reactor instrumentation. The TV monitor and the 'novement
controls for the camera are located in the operation of fice. A remote
zoom lens allows reading of almost all indications in the control room
from the operations of fice. An annunciator alarm ort the alarm panel
in the control room is actuated whenever the remote viewing system is
turned on.

Facility security has been enhanced by the installation of addi-
tional closed circuit survellisnee equipment .

| Many other routine maintenance and preventive maintenance j obs
were per formed throughout the ye a r .

I
t

|

. . .... - , .

|
|
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SECTION 50.59 CRANGES, TESTS AND EXPERIMENTS
*

Dis section contains a description of each change to the facili-ty or procedures and of the conduct'

under the conditions of Section 50.59 of 10 CFR 50,of tests and experiments carriedout
5

a suesnary of the safety evaluation in each case, together with '

he review and approval of changes in the facility and in the
procedures as described in the SAR are doeurnented in the MITR recordsby means of "Safety Review Fa rm s" .

Rese have been pa eaphrased for
thi's report and are identified on the following pages for ready re fer-
ence if fur the r information should be required with regard to anyitem.

Pertinent pages in the SAR have been or are being revised to
re flee : thesc changes, and they will be forward ed to the Di rec to r,
Standardization and No n-Power Reactor Proj ect Directorate, Office ofNuclear Reac tor Fegulation, USNRC.

T7e conduct of tests and experiments on the reactor are normallydoc um c a t ed in the experiments and irradiation files. For experiments
carrie3 out under the provisioas of 10 CFR 50.59, the review a nd a p-
prova' is doc umen ted by means of the Sa fe ty Review Form. All other
experments have been done in acco rd ance with the descriptions pro-vide;

in Section 10 of the SAR, "Experimental Facilities".

:1 recent annual re po r t s , the only facility changes and experi-
ments carried out under Sec tion 50.59 were in connection wi t h thed ig i ' al

closed-loop coraputer control project. No change made in FY87in connection
wi t h this ex pe rimen t involves an unreviewed sa fe tyquestion. ne current status of this cornputer control projecttest s per formed during and t hethe reporting period ars as follows :

i

.
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Digital Computer Cont rol of Raaeters Under Steady-Stator
and Transient Conditionse

SR f-M-81 -3 (11/17/81), M-81-4 (12/10/81), E-82-2 (01/08/82),
*

E-82-3 (02/24/82), E-82-4 (03/03/82), E-8 2 -5 (04/14/82), .E-82-6
(07/13/82), 0-83-5 (02/03/83), E-83-1 (02/08/83), 0-83-12 (04/23/83),
0-83-20 (07/20/83), 0-44 -11 (06/25/84), 0-84-12 (07/12/84), 0-84-16
(12/6/84), 0-84 -21 (11/1/84), 0-85-11 (5/9/85), 0-85-13 (6/28/85),0-85-16 (7/12/85), 0-85-20 (8/16/85), 0-85-25 (12/1/85), 0-85-26
12/1/85), 0-86-11 (10/17/86), 0-86-13 (11/28/86).

The project involving computer analysis, signal validation of,

data from reactor instruments, and closed-loop control of the MIT
Reactor by digital computer wa s continued . A non-linear supervisory
algorithm has beer. developed and demonstrated. It functions by jrestricting the net reactivity so that the reac to r pe riod can be
rapidly made infinite by reversing the direction of control rod

i motion. It , combined wi th the signal validation procedures, insures
that there will not be any challenge to the reactor sa fe t y s y s t ers
while testing closed-loop control nie t hod s . Several such methods, *

, includ ing decision analysis, rul e-ba sed control, and modern control
} theory, continue to be experimentally evaluated. The eventual goal of! this progran is to use fault-tolerant computers coupled with
; closed-loop digital control and signal validation methods to

demonstrate the ireprovements that can be achieved in reac tor control.
6

Each new step in the program is evaluated for safety in accor- !

d ance with s t anda rd review p roc edure s (Sa fe ty Review numbers listed
3 above) and approved as necessary by the MIT Reactor Safeguards Commit-

tee.
t

Initial tests of this digital closed-loop controller were con-
i d uc t ed in 1983-1984 using t he facility's regula ting rod which was of
! relatively low reactivity worth (0.2% 4K/K). Following the successful ,

>

! comple tion of t he se tests , f acility operating license anendment No. 24
(was obtained from NRC ( April 2, 1985). It pe rrait s :
t

(1) closed-loop control of one or more shim blades and/or
[the regulating rod provided that no more than 1.8% 4K/K !'

could be inserted were all the connec ted control ele- ;
ment s to be wi thdrawn ,,

(2) closed-loop control of one or reore shim blades and/or !the regulatinR rod provided that the overall controller4

;' is de signed so that reactivity is con s t rained suffi-
| ciently to pe rmit control .o f reac to r powe r within
; desired or authorized limits.

t-

A successful experimentation program is now i:ontinuing under the
i provisions of this license amendment. A protocol is observed in which
! this controller is used to monitor, and if necessary override, other
! novel controllers that are still in d ev elo pmen t . Tests per fo rmed i

j during this reporting period include: '

1

4

4

i

!
.

. i
-

. . . - .
f

,
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a) Complatien of the tests in which cne of the re ce tor's shic
''

blades was moved at hal f-s pe e d . (Note: he initiation of j

these tests was described in last ye ar's re port .) The tin-.

ing-chain sprocket of the blade used for these tests has now
been returned to its normal configuration,

b) Tests of a controller designed using state analysis methods.

In addition, the MIT Reactor Safeguards Consnittee approved use of
reactivity constraints derived from the alternate dynamic period equa-
tion as satisfying the provisions of Technical Spec i fica tion #6.4
his approval did not involve an unreviewed safety question because
the alternate constraints are always bounded by the standard ones on
which the reactivity constraint concept was originally based.

I

r

!

'

1

I

'

i

I
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F. ENVIRONMENTAL SURVEYS
.,

Environmental surveys , out side the facility, were performed using,
,area monitors. The sys t ems (loca t ed approximately in a 1/4-mile
!radius from the reactor site) consist of calibrated C.M. detectors

with associated electronics and recorders.

The detectable radiation levels due to argon-41 are listed below:
.

Site July 1, 1986 - June 30, 1987

North 0.4 mR/ year

South 0.7 mR/ year

East 4.3 mR/ year

West 0.3 mR/ year

Green (East) 0.2 m / yeare

Fiscal Yearly Averages:

1

1978 1.9 mF/ year

1979 1.5 mR/ year

1980 1.9 mR/ year

1981 1.9 mR/ year

1082 2.5 mR/ year

1983 2.3 mR/ tear

1984 2.1 mR/ year

1985 2.2 mR/ year

1986 1. 8 mR/ ye a r

1987 1.2 mR/ year

. _. . . . .



-

-20-

,

t, -RADIATION EXPOSURES AND SURVEYS WITHIN THE FACfLITYC.

A summary of radiation exposures received by facility personnel.

and experimenters is given below:

Period 7/01/86 - 6/30/87 |

Whole Body Exposure Range (Rems) No. of Personnel

i

No Measurable.......................... ....... 31

|
'

Me a s u r a bl e - Ex po s u re l e s s t han O. l . . . . . . . . . . . . . . . .a t

O.1 - 0.25....................................... 9 i

.c . a - a

[[ Q 0.25 - 0.5 ....................................... 7 !

,

.c.g, ::;'U;q'.
i t'

j. O.5 - 0,75....................................... 6
,

. .I [. 0. 75 - ^ ..................... 1, . ..................,

3%

" '%' ' I. ; Total Per onta; = 145 Total Man Rem = 11.4 i

a.L ..

.9 c,

Summary of the riselts of r ed ia t. mn and con t amina t ion s urve ys !4. h y[b#
Y- from July 1986 '.o June 11A * .

i.
,

-
p p,< :

|
'$ . !. ,- During the 1CD6-1987 pN iod , the Reactor Redlation Pro t ec t ion |Y ' '. Jh.pja Office continued to prov id e radiation protec t 'on services neces- L

.

sary for full power (5 megawatt) operation of the reac tor. Such fA !
4 services ( per fo rmed on a daily, weekly, or monthly schedule) |include, but are not limited to, t he following:

1. Collection and analysis of air samples taken within the con- |
t a inment shell, and in the exhaust-ventilation system.

;

!
j 2. Collection Aud mal; sis of air samplec taken from the cool-

[' ing towers, N O system, aste storage tanks, shiel! coolant,
"

heat exchanpre, fuel storag. facility, and the primary
system.

,

l
3. Pe r fo rmanc e of radiation and contamination surveys, radio- |

active waste collection, calibra: ion of reactor radiation
monitoring systems, and vcvicing of radiation survey
meters. |

!
4. Providing of radiation protection se rvic e s for control rod |

removal, spent-fuel element trans fers , ion c oluran r emov al , !

etc.

!
The results of all surveys described above have been withi.: the ;

guidelines established for the facility. |
,

|

[
!

!
|

>

!

1
;

l
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i, H. RADIOACTIVE EFFLUENTS

This sec tion summarises the nature and amount of liquid, gaseous.

and solid radioac tive vastes released or discharged from the facility.
i

1. Liould Waste

Liquid radioactive wastes genera t ed at the facility are dis-
charged only to the sanitary sewer se rving the faellity. There were
t wo sources of such vastes during the year: the cooling tower blow-
downs and the liquid we s t e storage tanks. All of the liquid volumes
are measured, by far the largest being the 6,208,000 liters discharged
during FY 1987 from the cooling towe r s . (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
vol ume is not routinely measured.)

All relesses were in accordance with Technic al 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 s pec i fied in 10 CFR 2 0. 303 a nd 10 CFR
20, Appendix B, Note 5.

i

2. Caseous Waste

Gaseous radioactivity is discharged to the atmos phe re from the t

containment building exhaust stack and by evaporation f ran the cooling ,

to we r s . All gaseous releases likewise we re in accordance with the
Technical Specifications and Part 20, and all nuclides were below the
limit s o f 10 CF R 20.106 a f t e r the authorized dilution fac tor of 3000.
Also, all were substantially below the limits of 10 CFR 20, Append ix
B, No te $, with the exception of argon-41, which is re po r ted in the
following Table R-1.

1.20 x 10,j23 Ci of Ar-41 were released at
The 4 an average

concentration o| UCi/ml) and
uCi/ml for the year. This represents 30%

of MPC (4 x 10' is slightly more than the previous year's
release of 3797 Ci. The inc rea se is due to an Imbalance in one com-

I ponent of the reactor building ventilation systen that existed for a
' week during December 1986. ,

3. Solid Waste

Only one shipment of solid weste was made during the year, infor- L

mation on which is provided in tre following Table H-2.

I

i

|

|
,

|
i

>
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TABLE M-1

ARCON-41 STACK RELEASES.

FISCAL YEAR 1987
*

|

Ar-41 Average
Discharged Conc en t ration (I)

(Curies) (WCi/al)
;

July 1986 304 0.90 x 10-8

August 320 1.16

Se ptember 203 0.75

October 329 0.96

November 313 1.13

December M3 2.40

January 1987 394 1.14

February 394 1.43

March 396 1.43 ,

;
^

April 317 0.92

May 293 1.06

June 297 1.08

12 months 4223 1.20 x 10-8
;

MPC (Table II, Column I) 4 x 10*8
;

2 MPC 30% ,

.

(1) Note: Af ter authorleed dilution factor (3000).
,

t

,

t

'

!

!
.
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1 TABLE M-2

.

SUMMARY OF MITR RADICACTIVE SOLID WASTE SHIPMENTS

FISCAL YEAR 1987

.

Units Shipo vi: #1 To tal

1. Solid weste packaged cubie 112.5 112.5
Feet

.

2. Weight Founds 3489 3489

3. Total activity Ci 0.082 0.082
(irradiated ecaponents, '

ion exchange resins, etc.)
60 LI Cr 55-59 ,g 7
65 Zn, etc.

!
i

t. . (a) Date of shipment 06/09/87

(b) Disposition to U.S. Ec oloFy , Inc.
I licensee for burial

.

j

i :
,

4
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1. INTRODUCTION

i

A draf t supplement to the PCCL Safety Evaluation Report (MITNRL-020

February 13, 1987) was issued in August 1987 and revised af ter review by

the PCCL Subcommittee of the Reactor Safeguards Committee. Since that

time, further design changes have been made, some of which were discussed

at the Reactor Saf eguards Committee meeting of December 10, 1987. This
1

document replaces the Supplement of August 1987; it describes all changes
|

made since the SER was issued an ' gives a complete description of the

current design of the loop (which is nearing completion).

2. SUMMARY OF DESIGN GANCES

a) Changes to Loop and Support Systems Design _

Revised versions of Figure 1.1 a) and b) and Table 2.1 are pro-

vided. Important changes to note for portions of the loop inside the

MITR-II Core tankt

-only one plenum (on the core inlet) is now provided in the

loop tubing,

I --a flowmeter will not be used; flow will be inferred from
1
'

power and temperature data calibrated by out-of-pile testing

(under normal circumstances, flow is directly related to the

circulating pump input frequency, which is controlled),

--the titanium lead bath container has been strengthened with

weld beads to prevent deformation during operation at tempera-

ture,

--the aluminum fusible link has been eliminated and passive

failure of the heater as a safety feature has been de-

emphasized in favor of redundant trips without common mode

fsilure possibilities.

-the most recent heater design was a two-element "U" configu-

ration in place of the former single sheath, multi-pass heater,

see Fig. S1 and further discussion below,

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 2.1: PWR COOLANT CHEMISTRY LOOP DESIGN SPECIFICATIONS

IN-CORE SYSTEMS

.

Pumpt

Capacity (GPM) 1-2
Design Canned-rotor
Temperature (F/C) 603/317

Normal Operating Pressure (PSI / Bars) 2200/152
Maximum Design Pressure (PSI / Bars) 3000/207

>

Loop Differential Pressure
(PSID/ Bars) 15-25/1-1.7

Material Inconel/ Stainless Steel :

Power Supply 220 VAC, 500 watts
I

Variable Speed

Heater h
!

j Power (variable) 0-20 kW
; Power Distribution Linear

Length (heated section)(in/cm) 21.3/55 ) '

Diameter (in/cm) 0.440/1.12) X 2 segments
.

Sheath Material Carbon Steel
Voltage (VAC) 275 [

L

Shutoff systems - Automatic shutoff initiated by I

one of two independent the rmo- t

couple temperature signals. '

- Manual shutoff by experi-
menter/ reactor operator under
loop operating procedures. |

Thimble !
|

Material 6061 Aluminum i

Wall Thickness (in/mm) 0.125/3.2 |

Design Pressure (PSI / Bars) 30/2.1 |
i Maximum Pressure- 100 PSI (relief valve)/ !
' Loop Leak Accident <500 PSI (no relief) !
I '

Proof Pressure 750 PSI
:

I I

,

!

l

t

. .-. __ --. - -. -__ . - - - - - - - _ . ..
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(Sim'ilated Fuel Pin)

Material Zircaloy 2 or 4
Diameter OD (in/ min) 0.312/7.9

ID (in/ min) 0.26/6.6
.

Configuration "U" Tube
Heated Length (approx)(in/cm) 50/127

Lead Bath Container:

Material Titanium
Wall Thickness (in/mm) 0.032/0.79

.

Simulated Steam Generator Tube:

Shot-Bed Heat Transfer Medium Copper Shot
Tubing Inconel

Diamater OD (in/mm) 0.312/7.9
ID (in/am) 0.26/6.6

a

Out-of-Core System

.

Charging / Pressurization Pumps

Metering Pump Positive
Displacement

Maximum Flow Rate (cc/h) 2500 (Normal make-up flow rate
100-300 cc/h)

;

Maximum Pressure (PSI /2ars) 3000/207

Back-Pressure Val're Spring Loaded

1 Check Valves Dual Ball-Type to prevent back
flow and depressurization

!

;

I

a
j

$

1

. - - . - _ . -
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-the burst disk on the thimble lid has been eliminated on the
grounds that the redundant relief valves will provide adequate
protection, since 4 hydrogen explosion has been determined to
be extremely unlikely.

For the charging and discharge systems, significant changes include:

--the 3000 psig pressure relief valve has been replaced by a
burst disk,

-two 1.75 ft.3 pyrex tanks will be used for charging water
storage to allow flexibility in run length and/or charging rate
without interrupting charging flow to the 1.oop; only one charg-
ing tank will be valved in at any time, except during manual
tank changeover operations; the charging system has been fully
tested in a 1000-hour-long run, supplying make-up water to
prefilm a set of ten loop segments being prepared for later
in pile experiments,

-The back-pressure regulator has been moved so the discharge
of the loop, replacing the let-down flow control capillary (see
discussion below).

-since the charging pump incorporates check valves only one
additional check valve is planned for the loop.

J

Adj us tments to in-core loop component dimensions have been made dur-

ing fabrication. These changes affect the reactivity and nuclear heating

analyses and are discussed in Section 3.

b) Changes to Instrumentation and Control Design
!

The basic philosophy of loop control and accident response remains

the same as that outlined in the SER. It has been shown that all serious

! loop accidents eventually lead to overheating of the lead bath, and that
,

consequences to the reactor are avoided if the electric heater is shut
.

; off. Therefore, the only automatic shut-down systems provided are trig-

gered by high temperature in the lead bath. In order to clarify the,

! sequence of events arising from potential accident scenarios, a sample

,

I
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flowchart (Fig. S2) which details the predicted pathway arising from a'

loop leakage accident is provided to replace Table 3.1 of the SER.

Alarms at the experiment panel and in the control room are provided for
,

abnormal conditions of temperature, loop pressure, thimble humidity and

charging tank level. See Appendix 1 for a description of the alarm cir-

cuits.

i

3. DETAILED DISCUSSION OF IMPOETANT DESIGN GANGES

a) Over-temperature Protection and Hester Design

The original'SER and subsequent experimentation have established that

nuclear heating of the in-core components can be safely rejected by con-

duction and radiation to the cooled thimble wall (see Section 4.b).

Highly reliable shut-off of the electric heaters has therefore been a key
'

element in the design of the loop. A "fusible link" of low melting point

material was originally proposed to back up the thermocouple / relay system

which is intended to shut off heater power on over-temperature. Experi-'

ence with heater failures (eight) led to the conclusion that the heaters *

themselves would in all likelihood fail passively before Zircaloy tem-

peratures reached the point where rapid Zircaloy-steam reaction takes

place. It is still P.he belief of the PCCL group that the heaters will

act in this manner. However, in light of the fact that heater design<

i

modifications are continuing in order to produce a heater that is capable

of the service required, and the wide variety of possible abnormal condi-
.

tions which can be postulated, it is difficult to prove this contention

satisfactorily. Taking this into account, and following a suggestion

made by the Safeguards Committee at its December 10, 1987 meeting, an

j additions 1, separate heater shut-off with its own theruocouple has been
i

|
added. The active heater chut-of fs now available are 1) a relay driven

. _ . . _ _ _ - - _ _ _ _ _ _ _ _ _ - _ _ -. . , _ _ _ _ _ _ _ _ _ _ . . . . - _ _ - . _ _ - . ___. . , _ . _ - --



.

- -
. .

l

FIGURE S2. ABNORMAL INCIDENT FLOWCHART -LDOP N LDV L[EP Pe x:^) HIciH HuseDITY LOOP LEAKAGE

.

m YES RAPID T RISE

""Y
-

1 P

g pgj CONTROL ~ gEXPERIMENTER - IPERAT!R - AUTDMATIC

.

yE E E
if IP 9

SWT DOVN CONTROL ROOM AU(D KATER-EATER HEATER SHUT DOVN SMJT DOVN
-PUDPS Ftr LDV LP

I u I

/

-

ADEQUATE BACK-UP AITIOMATICREACTOR
i 14 0 PASSIVE 4 IIEATER SIIUT DOWN 4-

'

SliUT DOWN 4 EAR KA
BY OPERATOR REECTIIM

YES

Y
n

IM P REMOVAL AT SCllEDULED
REACIOR SIIUT DOWN

__



1
, !

-11--

.

by a heater bath thermocouple which trips heater power at the controller'

of the SCR power supply and 2) a relay driven by another heater bath

thermocouple which trips input power to the heater power supply. These

automatic trips, together with high temperature alarms at the experiment
'

control panel and in the control room, and the control room heater shut- j

off switch, should provide reliable heater shut-off without relying on

passive failure. Note that this change has been incorporated into the

abnormal occurrence flow chart of the previous section.

The current heater design is illustrated schematically in Fig. St.

It is expected that this heater will be considerably more rugged than

previous oness power per foot of length has been halved and the helical

element is more compliant under thermal stresses. This heater is cur-

rently undergoing endurance testing and this design is likely to become

the standard model for future applications.

b) Loop Pressure and Flow Regulation

The charging /let-down system as shown in the original SER relied

upon a back-pressure regulator at the inlet of the loop to control loop

pressure and a temperature controlled let-down capillary to control the

let-down flow rate. In this design, most of the charging pump flow was

bypassed back to the charging tank. Since dissolved hydrogen and oxygen

measurement flow is now provided by an auxiliary low-pressure pump in a

separate circuit, bypass flow is no longer experimentally necessary.

Experience with operating a system for pre-filming the loop tubing led to

the decision to place the back-pressure regulator at the outlet of the

loop. Since the charging pump provides positive displacement flow at an

adjustable rate, this arrangement provides an easily concrollable, stable
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let-down flow rate without the complication introduced by use of a )
temperature controlled capillary.

The safety considerations associated with this change are related to

loop behavior during heating and cooling and the response to charging '

pump failure. Heating and cooling the loop produces volume changes in

the contained water. With the back-pressure regulator on the outlet,

increased water volume during heating is automatically let down through

the back-pressure regulator, and loop over pressure leading to relief
,

valve operation cannot occur (as it can in the let-down capillary case if

the let-down capacity is exceeded by too rapid heating or by capillary

obstruction during heating). Conversely, however, too rapid a tempera-

ture drop could lead to a volume reduction (=70 cc/100'F for the loop

inventory of =500 cc) in the loop which cannot be made up rapidly enough

by the steady state charging flow, potentially leading to a drop in pres-

sure and possible boiling. However, this effect is compensated for by

the pulse dampener in the charging line, which consists of a gas volume

(of =300 cc) pressurized to =70% of the working pressure, separated from

the liquid stream by a heavy neoprene diaphragm. When the loop water

volume decreases, the gas will expand preventing the pressure from drop-

ping below the gas charge pressure until the volume capacity of the pulse

dampener is exceeded - a highly unlikely circumstance. Preliminary cal-

culations, which will be verified during loop shakedown testing, show

that this mechanism will prevent boiling in the loop for any possible

teuperature drop. Furthermore, depressurization of the loop on charging

pump failure occurs very slowly with the back-pressure regulator at the

outlet, since outlet flow is driven by inlet flow. This change is there-

fore considered to enhance the safety of the loop, since depressurization
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will not occur during momentary power interruptions. The charging pump

(and possibly the circulating pump) will be connected to the reactor

emergency power supply system which should restore power within 30-60

seconds of loss of Cambridge Electric power.

4. REACTIVITY, POWER PEAEING AND NUCLEAR HEATING BASED ON AS-BUILT IN-
CORE DIMENSIONS

The as-built dimensions of the titanium tube containing the lead

bath, the electrical heater and the elliptical section of the aluminum

thimble differ from the design values used in the SER. This results in

different values for some of the potential reactivity ef fects, and for

the nuclear heat which must be dissipated under LOCA conditions.

Reactivity measurements have been made using actual loop components,

described below. The new values do not change the conclusions which were

made in the SER.

a) Reactivity and Power Peaking due to the PCCL

Appendix 2 contains the data which were collected during low power

operation with various loop configurations, for reactivity worth and

power peaking (using uranium foils). The data most relevant to the

safety evaluation are those which indicate the of feet of water flooding /

.00786, thevoiding incidents (see Section 4.1 2 of the SER). For 6 =

maximum reactivity change fort

PCCL tube flooding 0.042%ak/k (measured)

Total in-core free volume flooding 0 14%Ak/k (measured)

Dummy / thimble channel reslood 0 17%Ak/k (computer evalu-
ation based on measured
oata)

Note that these values are all within the <0.2% ak/k limit for movable

experiments, and well within the <0 5%Ak/k for nonsecured experiments,

which is the controlling limit.
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The actual power peaking limits will be evaluated and documented at

the time of the installation for the core configuration that will exist

at that time. Present studies indicated that the safety and operating

limits as specified in the MITR-II technical specifications will be met.,

b) Paclear Heating of In-Core Components
i

In Appendix 1.a of the SER the total nuclear heating of the tita-

nium lead bath can and its contents is estimated to be 7.2 kW, based on a '

total mass of 6.5 kg. The as-built value is 4.8 kg (lead bath, heater,

Zircaloy U-tobe, water, titanium can). However, a more conse rvative4

4

value for the core average heating rate is now being used. If an average

value of 2 W/g (equal to the peak value measured in aluminum at reactor

power of 5 MW) is used, the total power generated will be 9.6 kW. The

]

true average value should be somewhat lower than this, and axial conduc-
,

tion will tend to reduce temperature peaking in the bath. However, the

value of 9.6 kW is used in the discussion of passive cooling based on
!

,

experimental results which are presented in the next section. Note that
t

the actual value will be obtained by an energy balance on the in-core
,

section when the experiment is first operated in the reactor.

5. SAFETY EXPERIMElff RESULTS AND OPERATIONAL EXPERIENCE

a) Heater Operating Experience and Passive Rejection of Nuclear Heat-'
;

1!M.

As is evident from the flowcharts of postulated accident scenar-

ios, the passive rejection of gamma and neutron heating when water flow

through the loop tubing is interrupted is a key element in PCCL safety.

In order to demonstrate that such rejection will occur at 'amperatures.

which do not result in damage to MITR-II core components, an experiment

was conducted using an actual PCCL elliptical thimble section, titanium

,

,. -- - , - - - - - - - - - -, - - . , , . , , _ -, - - - . - - - . - - - - - - - - - , - - n.- - - . - - - - - - - ,
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tube, lead bath, heater and Zircaloy U-tube. The thimble section was

immersed in a tank of uncirculated water, and the gap between the
.

l

titanium and aluminum was moderately well sealed so that it could be I

partially evacuated and back-filled with gas.

Data was obtained to determine heat transfer rates from the titanium

can to the aluminum thimble. Table 5.1 gives steady state temperature

data for the interior of the heater hot zone, the axial maximum heater

sheath temperature and the axial maximum of the temperature inside the

Zircaloy U-bend at various heater power levels. In the original SER, the

analysis of passive cooling considered only radiative heat transfer.

However, comparing the temperatures resulting when argon was used in

place of helium in the titanium / aluminum gap shows that strong contribu-

tions are made by conduction, particularly for the helium fill case.

As discussed in the SER, the criterion for loop safety in a LOCA is

that the Zircaloy tubing temperature does not exceed 2200 'F, above which

Zircaloy/ steam reactions can occur with large release of energy. This

temperature limit must be met while dissipating the 9.6 kW of nuclear

Table 5.1 ZIRCALOY AND HEATER TEMPERATURES UNDER LOCA CONDITIONS

Heater Heater * Maximum * Maximum
Power Internal Sheath Zircaloy

(W) T (*F) T ('F) T (*F)

2470 1243 873 860
- 3140 1370 960 873

3650 1489 1040 966
4060 1610 1112 1024
4510 1745 1179 1085

* Note that the data were obtained using an earlier heater design and
theref ore not relevant to the current case. The Zircaloy temperature,
however, is still a significant parameter.
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* heating which is conservatively estimated to be generated at 5 MW reactor

thermal power. The Zircaloy temperature measured in the experiment is

3 0 to 4.5 kW (higher power is precluded tolinear with power from =

avoid damage to the heater). A conservative estimate of the temperature

at 9.6 kW can therefore be made by linear extrapolation, essentially

ignoring the contribution of T" radiant heat transfer which is expect 2d

to increase sharply at higher temperatures. Linear extrapolation gives a

maximum Zircaloy temperature of 1845 'F, well below the 2200 'F limit.

It has been noted that at such elevated temperatures if the Zircaloy were

to remain pressurized it would be beyond its yield strength. If this

should lead to rupture , however, it would place the loop in the LOCA

situation discussed above.

b) Experience Relevant to Loop Electrical Safety
,

There is concern about the effect of possible shorts or accidental

grounding of the heater electrical leads within the thimble. Protection

in such a case consists of a 150 A semiconductor fuse in the heater power

controller, connected on one leg of the power output. This is backed up

by 100 A circuit breakers in the box which feeds the power controller.

There are also 200 A fuses at the safety disconnect where the connection

from the insulated pothead to the CCL heater bus is made. The aluminum

thimble and the power controllers will be grounded to a heavy. copper bus

cunnected by 4/0 copper cable to the reactor electrical equipment ground

bus. Since the cross section of the aluminum thimble is large and its
;

conductivity is high, it could also act as an effective shield for MITR-

II components in the event of electrical accidents,

i Several incidents which have occurred during operation of the loop

heaters confirm that the protection devices operate effectively in mini-

mizing the consequences of grounding and shorting the heater power leadst
I

. _ _ _ _ _

. - _ , - _ _ _ _ . _ _ _
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1) Short between a power lead and a grounded thermocouple wire -

This accident resulted from inadequate insulation on the power
!

lead and resulted in the vaporization of fractions of an inch |

of both the wires i nvolved (#12 copper lead and small gauge-

chronel wire). A 50 A semiconductor fuse in the heater power
,

,

supply blev rapidly and prevented any further Jamage.

2) First heater failure - In a heater failure resulting from over-

heating it is conson vor a short circuit to be produced by [
!

melting together of the heater wires at the overheating point.
t

In this case the heater resistanr:e was reduced from 4 0 to 0.6

0, blowing a 150 A semiconductor fuse in the heater power con- ;

troller. No damage to any wiring or to the heater sheath was
!

obse rved . [

3) Second heater failure - Again the heater resistance was reduced ;

from 4 0 to 0.6 n. In this case a 30 A fuse in the safety dis-
,

!

connect switch which was feeding the heater controller blev.
,

Wiring and heater sheath damage was not observed.
I

Based on these experiences, it seems likely that che precautions taken

against electrical accidents are adequate to protect the reactor. '

c) Holten Lead Compatibility and Lead Bath Leak Testing [

The SER discusses the possible consequences of a leak in the tita-
I

nium can which contains the lead bath. Testing has been done to rule out j
!

the possibility of local boiling on the thimble surf ace in the event of a

small lead leak producing a frozen "bridge" between the lead bath and the f
aluminum can wall. A 2 in. O.D. x 1/8 in, wall aluminum tube was in-

|

nersed in a circulating water bath and locally heated using an insulated j

175 W soldering iron connected by a drop of solder = 1/8 in. in diane-

ter. Temperatures produced at the contact point ranged as high as 750 'F

|
,

|
'

.
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without exceeding an exterior tube temperature opposite the contact point
.,

of 105 'F. Furthermore, the exterior did not rise more than 2' F above

the adjacent water temperature. Since the postulated frozen lead bridge

could not exceed the melting temperature of lead, 627 'F. it seems un- |
|.

j likely that local boiling could result from such an inciient.

An experiment to determine the resistance to corrosive metal of vari-

ous loop materials which will be exposed directly or indirectly to molten
.

'

lead has also been carried out. An extract from a master's thesis by J.

Wicks describing this work is provided in Appendix 3. No deleterious

| effects of the ' lead exposure for times relevant to our loop experiment ,

: i

'

were detected.

;

6. REQUIRED SAFETY FARAMETEES AND 1.IMITS ;
,

;
'

,

The SER and this Sur,plement represent the curre t best projection of
i :

! loop design features, operating conditions and safety parameters. As
i 1

'

experience is gained in operating the loops, new information will become

available and some design and operating changes will most likely be

necessary. Any significant changes will be reviewed by Reactor Opera- i

i

I tions and the Reactor Safeguar64 Connaittee or its Subcommittees as appro-
a j

I priate. In particular, the following safety features and limits will not '

1 |

) be changed without prior approval from the Safeguards Committee:

I |

| 1) Redundant high temperature alarms snd trips will be provided for
;

electric heater shutoff under abnormal conditions. These alaras
1

t

and trips will be tested prior to each startup of the loop system;

;

; in-core. ;

i

i
i

3

|

,
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2' Pressure in the loop tubing will be limited to 2500-3000 pois by |,

redundant pressure relief devices. Pressure in the thimble will i

be limited in the range 100-500 psia by redundant pressure relief
P

devices. These devices will be tested periodically to verify |
,

their operation. ,

!

;

3) The hydrogen inventory in the containment building will be limited
i

to 30 SCF, the combined maximum inventories of the transfer flask

and the charging and discharge tanks.

4

I

P

i
?

|

|

| I
'

|
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AFFEllDICES

Appendix 1 - PCCL Alara Circuit
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APPENDIX 2.

|
NUCLEAR REACTOR LABORATORY l I

AN INTE ADEPAATMENTAL CENTER OF
.-.

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

OK MAAUNG 138 Atamy $treet Camordge, Welt. 02139 L Ct.AMA
Director

(617)253 4211 Dir stor of Reactor coeratcas
.

January 28, 1988

Memorandum

To: Distribution

Frome k. Kwok

Subj PCCL Reactivity Measurement Results - Revision 1

1. A series of 6 criticals were perf ormed at 100 watts during the
in-core trial fit procedure on 19 January 1988. the base case ;

for these me asurement s was core configuration #87 with solid
duanies in both core positions Al and A3. The results are es
follows:

Worth of two aluminum strips which held the Uranium foils:-

-62 38 '

Worth of Xenon change during the ten hour period for reac--

tivity measurements: 14 34

Worth of PCCL without water -58 as-

Worth of PCCL withe' ' water, titanium, and lead 215 as-

Change of worth due to removal of titanium and lead: 273 as-

Worth of PCCL with water in the Zircaloy tubet -4 as-

Change of worth due to addition of water in the Zircaloy-

tube: 54 as

Worth of PCCL with all available space flooded with water-

177 as

Change of worth due to flooding of all available space:-

181 as

2. The aluminua strips are 0.04" thick and 0.83" vide. These give
3

an in-core volume of 25 c,a for the two strips and a reactivity

coefficient of 2.5 as /en . This is consistent with previously

measured data. (Note: The active core length is 23".)

3. Attached is a bar diagram showing the above results.
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Accendix 3
,

gggeatibility of Licuid Lead at 750 Decrees Fahrenheit V M
Zirealov-2. Inconal, and 316 Stainless.Ltgg

!

Zircaloy-2, Inconel alloy 600, austenitic 316 stainless
'

steel and low-carbon content mild steel were tested for

liqu.id-laad .i:orrosion under conditions which were more

severe than the Loop's normal operating conditions.

Titanium was not investigated in this experiment. Reference !

4

L-1 thoroughly documents titanium's excellent resistance to
,

liquid-lead in the range of temperatures of the MIT-PCCL.

Additionally, the TTT is not pressurized, and its thin wall

thickness (0.03125 inch, 0.79 mm) virtually eliminates

l thermal stresses across the TTT wall even with titanium's f
low thermal conductivity. The 316 stainless steel was

examined because of the proximity of this metal to the

liquid-lead bath. Inconel all.*y 600 was examined as a quasi

control, opinions varied, and a literature sesrch 'aa s

inconclusive in eliminating a theory that the high nickel

content of Inconel (76% Ni) would lead to intergranular
i>

cracking of the Inconel when exposed to the liquid-lead.

i Zirealcy-2 was an alloy developed to inp*evo the swell
;

| and creep character.istics of early nuclear fuel cladding.
I

'

'

Zircaloy-2 was found to have excellent corrosion resistance

in a steam environnent. Far this reason zircaloy-2 is used '

|

_ -_- _ _ _ _ _ _ _ -. . _ - _ . - _ _ - _ _ . . __ . _ -____,
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as the primary cladding material in Boiling Water Reactors

(BWR). Unfortunately, zircaloy-2 was found to have a high

affinity for noncatomic 'vdregen, which formed an

intermetallic compound of 21 ' o'tm-hydride. The "zirc-

hydride" is very brittle and cor autes to brittle fracture

of zircaloy cladding. The zircaloy-4 alloy has half the

thm;modynamic affinity for hydrogen and reduced levels of

zirc-hydride formation. For this reason zircaloy-4 is the

cladding of choice in todays Pressurized Water Reactors.

The alloys of zirconium have apparently not been tested

for liquid-metal corrosion to any substantial extent. The

following outlines the evolution of zirealoy cladding used
.

in the nuclear industry:

Allov spmoosition '

Zirconium Pure Zr (used on the earliest reacters)
Zircaloy-1 2.5% Sn

Zircaloy-2 1.5% Sn, 0.15% Fe, 0.1% Cr, 0.05% Ni

Zircaloy-3 0.25% Sn, 0.25% Fe

Zircaloy-4 1.5% Sn, 0.21% Fe, 0.1% Cr

LIOUID LEAD COMPATIBILITY EXPERIMENT

Figure A.1 illustrates the set up of the compatibility

experiment. The apparatus was set up in a closed cabinet

having a ventilated exhaust hood to insure personnel safety.

To simulate the thermal and mechanical stresses to which the

___ _. . _ _ . _ _ _ _ _ _ __ _. _. _ _ _ _ _ - . _ __ _._. ___ _ - _ . _ . _ . _
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tubing would be exposed, the tubes were bent into a "U" tube

and internally pressurized to 2500 PSIG with helium gas. A

temperature of 750 degrees F (398.89 C) was selected on the

basis that it is very close to the actual maximum expected

temperature of the lead bath, and the proximity of this

temperature to available data from the Liquid-Metal

Handbook. The pressurized tubing samples were exposed to

the lead bath for 120 hours. Reagent grade lead powder was

used for this experiment. In the opinion of Professor

Ballinger of the MIT Nuclear Engineering Department, in the

corrosion of materials by liquid metals, impurities may in

fact play a major role in intergranular cracking corrosion.

Table A.1 lists the percent impurities as taken from the

lead manufacturer and as determined by neutron activation

analysis.

Excerimental Results

Zircaloy 2, 316 stainless steel, and Inconel alloy 600

were immersed in the lead bath, pressurized to 2500 PSIG

with helium, and maintained at 398 +/- 2 degrees C for 120

hours. The bent "U" tubes were removed from the bath hot in
.

an attempt to limit the amount o.f lead clinging to the tube

surface. In comparison to the stainless steel and Inconel,

the surface of the Zr-2 was not wetted by the multen lead.

There was no indication of cracking, preferential attack of

the base metal, or a general liquid metal corrosion of the

Zr-2 surface. The small amount of lead present on the

- -, _

. - . - - - ._.
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Table A.1

ANALYSIS OF LEAD PURITY

Maximum impurities and Impurities as determined

specifications from by Neutron Activation

Manufacture Analysis
'

P

Lead 99.9% 99.9%

Antimony & Tin (as Sn)

approx 0.005%

As 1 ppm

31 5 ppm 5 ppm

Cu 3 ppm
.

Fe 0.001%

Ni 0.001%
,

'

Ag 2 ppm

.

t

I

_ . . , - - _ . - . _ _ _ - . _ _ _ _ _ _ , _ _ - , _ _ , _ , , __ . _ _ , _ , - _ . , , , , . _ , . _.m- _ _ . , _ ,_ _ _ _ . - _ . , _ . _ , - - . . , m-, .-.. - . - ,-- . _ - _ . _,-,- y
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surface of the Zr-2 tube was removed with a 50% solution of
nitric acid. No additional information or indications were 1

observed after removing the surface oxide layer with the

acid. The results of the experiment on the 316 stainless !

steel and Inconel alloy 600 were consistent with the results

for the Zr-2. The tubes were hydrostatically tested to 3000

PSIG prior to the experiment, and again following the

experiment with no observable loss in tube wall strength.

This experiment was more aggressive than the actual

loop application for the following reasons:
,

1. The lead bath was maintained at a higher

temperature then expected in the loop

2. The pressure was maintained 300 PSIG higher

then the normal operating pressure of the loop

3. The molten lead was exposed to an oxygen rich

atmosphere instead of the Loop's helium atmosphere.

A one month long compatibility experiment was

subsequently conducted on the zircaloy-2 tubing to verify

the initial findings.

Conclusions:

Zircaloy 2, 316 stainless steel, Inconal alloy 600, and

mild steel will be unaffected by the molten lead for the

, ._ - _ _ . _ , . _ _ - . _ _ - . - . _ . . _ _ _ . . _ - . -
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anticipated 2 month time that the loop internals will be

exposed to the molten lead bath.

Documentation on liquid lead and its affect on

engineering alloys is scarce. A fairly thorough search has

been made of literature looking for answers to hear-say

problems with liquid-lead. Reference L-2 is the only true

handbook on 1:he properties and corrosion of materials by

liquid-metals. In our experiment, the concentration of

Polonium, from the neutron activation of Bismuth, is of

major concern because of the long half-life of the Polonium.

References H-2 and B-5 provide some information on thu

process of removing bismuth and the in ortance of lead

purity on liquid-lead corrosion.

The subject experiment is written t9 in more detail as

a term project paper (MIT course 3.54 - Cocrosion/ Professor

Ronald M. Latanison "Compatibility of Liqu2.0 f.ead at 750

Degrees Fahrenheit with Zircaloy-2, Inconal, and 316

Stainless Steel"), a copy of which is in the PCCL project

files.

When this experiment was performed, the project team

did not have a sample of the zircaloy-4 tubing which is used

in the construction of the first operational loop. It is

the conjecture of the project team that the results of the

zircaloy-2 compatibility experiment will accurately predict
i
i

I

- . _ , - _ __ _ , - _ . _ . . _ - _ _ _ - - _ -
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the compatibility of the zircaloy-4 tubing. This dosision
is based on the fact that the zircaloy-4 alloy does not

contain,any nickel, and the presence of nickel is believed

to be a necessary ingredient in the susceptibility of alloys

to liquid metal cracking.

.

9

e

,

I
.
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1) involve an unreviewed safety question (100FR50.59(a)(2)) X

ii) decrease scope of requalification program (10CFR50.54(1-1)) X

iti) decrease effectiveness of security plan (10CFR50.54(p)) X

iv) decrease effectiveness of emergency plan (10CFR50.54(q)) X

b) Reviewer's Coments: Recommend approval. MITRSC approval required.

RR W )} W / o Date )# 4/sotPf|m

Recomend Approval / Yes No

Reviewer M Date 6/ge./1t

Reviewer 0 // A | Date Lo A 1. . ] Y *(

Approved M' Date M 1.///'7,

(Director of Readfor Operations)

10CFR50.59 & 50.54(p and q) changes logged for reporting to NRC, Date Reported by letter
Copy to Director for Operations 4/21/88
Copiea circulated to and initia11ed by all Licensed Personnel
Original to Safety Review File

SRf-0-80-32 OCT 21 1980

.
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April 19, 1988

Safety Review #-0-86-9: PWR Coolant Chemistry Loop (PCCL)

1. Description of Change

An in-pile loop designed to simulate the primary coolant systen
of a pressurized water reactor (PWR) is to be installed in the MITR-II
core. The facility is described in detail in Reference 1, "Safety
Evaluation Report (SER) for the PVR Coolant Chemistry Loop (PCCL)",
Report No. MITNRL-020, February 13, 1987, plus a supplement dated
March 22, 1988, both prepared for review by the MIT Reactor Safeguards
Committee and attached hereto.

2. Safety Evaluatio,n

The SER addresses the following topics:

PCCL loop design
Operational and experimental procedures
Maximum effects of reactivity, pressure, and temperature
Radiation levels 6nd ALARA considerations
PCCL safety evaluation
Waste handling and disposal
Future work

It concludes that operation and experimentation with the PCCL
loop will fully satisfy the MITR-II Technical Specifications8 and that
no significant health or safety hazards will result from such activi-
ties. The MITR Staff has worked with the PCCL Staff on the design of
the facility and on preparation of the SER, and it corsurs with the
above conclusions.

Attechment of the SER and its Supplement to this Safety Raview is
only for the purpose of providing a description of the experiment and
the Proj ect Group's avaluation of its safety. It is expected that
experience gained from installing and operating the loop will require
changes in the facility and its operation as now described in the SER
and Supplement. In accordance with internal MITR proceduren, such
changes will be documented and will be reviewed to assure coupliance
with the HITR Technical Specifications. As required by 10 CFR 59(b)
(1), such changes will also be evaluated to determine whether or not
an unreviewed safety question (USQ) exists. As a minimum, any changei

! that is predicted to permit any one or more of the following parame-
ters to exceed the limit stated in the SER (and again below) will be
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submitted to the MIT Reactor Safeguards Comittee for its opinion con-
corning whether or not an USQ exists and, if one is deemed to exist,
the change will be submitted to USNRC for approval before implementa-
tion:

1. Pressure limits:

a) 2500 psia in the Zircaloy loop, with redundant protective
devices designed to relieve at 2500 to 3000 psia,

b) 100 psia in the aluminum thimble, with redundant protective
devices designated to relieve at 100 to 500 psia.

2. Temperature limits assurance that the Zircaloy tubing temper-
ature will not exceed 2200*F under any conditions, including
abnormal, shall be achieved by utilizing redundant electric
heater shut-offs, each having its own thermocouple sensing the
lead bath temperature.

3. Hydrogen inventory limit: 30 SCF, which is the combined maximum
inventories of the transfer flask, the charging water and dis-
charge water storage tanks, and the dissolved hydrogen. Assur-
ance that this quantity will not be exceeded is provided by the
limited capacities of the tanks and by administrative controls
that will restrict the hydrogen charged into the transfer flask
to a maximum of 10 SCF.

Surveillance procedures will provide for periodic functional
testing of the pressure relief valves and heater shut-off circuits
that assure compliance with tne above limits.

3. Unre''iewed Safety Question Determination

The loop (0.26" ID Zirealloy in core and 0.26" ID Inconel out of
core, 0.026" wall thickness in both cases) will operate at 2200 psi
and 600*F. It (a, tong with a heater, lead bath and instrumentation)

| will be enclosed in an oval-shaped aluminum thimble having a 0.125"
wall thickness. The lower end of the thimble, the in-core section,,

| fits into a solid, aluminum dunrny fuel element ir the same manner as

| do in-core sample thimbles. Details are provided in the SER and its
Supplement.

Among the functions of the above components is protection of the
fuel, core structure and other components of the reactor important to
safety f rom damage or malfunctions regardless of credible f ailures of
or within the thimble. It must be shown that such failures cannot
credibly interact with the above reactor components in such a way as
to create the potential for an unreviewed safety question as defined
below:

10CFR50.59(2) - A proposed change, test, or experiment shall be
deemed to involve an unreviewed safety question (i)
if the probability of occurrence or the consequences

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ )
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of an accident or malfunction of equipment important I
to safety previously evaluated in the safety analysis
report may be increased; or (ii) if a possibility for
an accident or malfunction of a different type than
any evaluated previously in the safety analysis,

report may be created; or (iii) if the margin of
safety as defined in the basis for any technical
specification is reduced.

Failures or accidents that osiginate with the experimental equip-
ment are evaluated to see if they can lead to accidents or failures
involving reactor components. If they cannot, an unreviewed safety
question does not exist. If they con, then the accident to or failure

of the affected reactor component uust be ovaluated with respect to
the three parts of the USQ definition. The followinr, methods of
interaction between the loop and the coactor will occur or may be
postulated:

3.1 Reactivity Effects

MITR-II Technical Specification 6.1-1 limits the reactivity worth
of experiments to the following values:

Single Experiment Worth Total Worth

Movable 0.2% AK/K 0.5% AK/K
Non-secured 0.5% AK/K 1.0% AK/K
Total of the above 1.5% AK/K---

Secured 1.8% AK/K ---

The three types of experiments are defined in Section 1 of the
Technical Specifications as follows:

1.23 Secured Experiment

A secured experiment is an experiment or experimental
facility held firmly in place by a mechanical device or by gravi-
ty, such that the restraining forces are substantially greater
than those to which the experiment might be subjected by hydrau-
lic, pneumatic, buoyant, or other forces which are normal to the
operating environment of the experiment or by forces which can
arise as a result of credible malfunctions.

1.24 Novable Experiment

A movable experiment is one where it is intended that the
entire experiment may be moved in or near the core or into or out
of the reactor while the reactor is operating.

1.25 Non-Secured Experiments
,

t

Experiments where it is intended that the experiment should
not move while the reactor is operating, but is held in place
with less restraint than secured experiment.
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Potential reactivity ef fects associated with the FCCL have been
addressed in the Safety Evaluation Report for the facility 5 Credible
effects arise from the use of boron for water chemistry and from pos-
sible flooding /reflooding incidents.

Wat'er and contained chemicals in the loop are' classified as a
non-secured experiment, and so their reactivity worth is limited to
0.5% AK/K. Conservative calculations given in the SER show that ejec-
tion of all in-pile boron, even if it were first concentrated in the
core region of the loop, would not exceed +0.02% AK/K. This reactiv-
ity effect is minimized by use of boron enriched in the B-11 isotope.

For the reactivity ef fects of flooding /reflooding scenarios for
the in-core loop, the void volumes in the thimble and the coolant
channel annulus between the thimble and the dummy element are such
that effects are measured or calculated to be well within the 0.5%
AX/K limit for non-secured experiments. Flooding the void volume in
the thimble has been measured to cauce a +0.14% AK/K reactivity
effect. The 0.050" cooling annulus between the thimble and the dummy
element, if veided, is calculated to produce a +0.17% AK/K reactivity
effect on reflooding.

The total worth of all non-secured experiments must not exceed
1.0% AK/K. The only other non-secured experiment presently in the
core is a 1.75 inch I.D. irradiation thimble whose non-secured reac-
tivity (due to flooding accidents) is limited to 0.5% AK/K by the
insertion of sample capsules or solid spacers. Even though there are
no conceivable accidents duriag reactor operation that could lead to
rapid flooding of more than one thimble at a time, the total non-
secured worth of all such experiments that might be installed at any
one time will be limited as required by the Technical Specifications,
using measurements or conservative calculations of the flooding reac-
tivity worth.

The titanium can and contents (lead, loop, heater, and fixtures)
are classifiad as a secured experiment, because they are mechanically
held in position by the loop tubing and other structural components.
Their complete ejection from the thimble followed by flooding mutr not
exceed 1.8% AK/K. Complete ejection, such as by sudden rupture of the
loop at its lowest point (the U-bend), is difficult to envision,
because of limited void volume between the top of the in-core section
and the bottom of the steam generator (shot bed) section, which will
limit ejectable lead to no more than one-third of the amount in the
bath. Also, materials thrust upwards by the steam would tend to fall
back into the thimble, thereby limiting the floodable volute in-core.

At worst, flooding one-third of the thimble volume would approximate
one-third of the 1.0% AK/K positive reactivity effect that has been
measured for flooding of an empty 1.75 inch I.D. irradiation thimble',
because the volumes are comparable. The reactivity of the ejectable
lead is not expected to be large, because the combined reactivity
effects of removing the lead, the titanium can and the water-filled
zircalloy loop is only +0.17% AK/K. This assures compliance with the
1.8% AK/K limit.

. _ _ _ .
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Ne limit is imposed by the Technical Specifications on the total
worth of all secured experiments. In the future, if more than one
loop is installed in the core, it must be shown that there is no cred-

ible coupling between them that could lead to a positive reactivity
effect e.xceeding 1.8% AK/K. This is the limiting value, as shown in
Chapter 15 of the MITR-II Safety Analysis Report *, for a step inser-
tion of reactivity below which the reactor can be safely shut down
without damage to the core. Measurements made at startup of the
MITR-II' confirmed the value.

Because the various components (whether classified as non-secured
or secured) meet applicable technical specifications and because there
are no conceivable reactivity events that could exceed the limiting
value of 1.8% AK/K, there are no unreviewed safety questions related
to reactivity insertions.

3.2 Pressure Effects

The PCCL will operate at approximately 2200 psia and 600*F. The
system contains about 0.5 liters of water at these conditions, 40 ml
of which are in the core region. The loop itself, circulating pump,
charging pump, and associated equipment have design pressures of 3000
psi or higher, and the system is protected by a relief valve set to
open at 2500 psi, backed up by a burst dise designed for 3000 psi.

The loop itself is contained in an elliptical Type 6061 aluminum
thimble (major axis 2.5 in. , minor axis 1.4 in., thickness 0.125 in.)
in the core and in a cylindrical jacket (diameter 4 in.) above the
core. The thimble and jacket are designed for, and will be hydrostat-
ically tested at, 750 psia. They are protected by redundant pressure
relief valves set at 30 to 100 psia.

In the event of a loop rupture allowing the 0.5 liters of pres-
surized water to flash to steam, calculation in the SER of the maximum
s t e am pressure at 350'F (average temperature of the shot bed
surrounding the steam generator section of the loop) shows that it
will not exceed 481 psia, ignoring the pressure suppression effect of
condensation of steam on the cold (=100'F) aluminum walls of the
thimble.

Hence, there can be no effect on components outside the thimble
and no unreviewed safety question.

3.3 Temperature Effects

The in-pile loop asssembly will be heated both by a O to 20 kW
heater and by a combination of gamma and f ast neutron radiation. The
no rmal combined heat load will be less than 20 kW. The radiation
heating is estimated in the SER Supplement to be 9.6 kW at a reactor
power of 5 HW, so that 29.6 kW would be the maximum heat load
potentially available under malfunction conditions. This is not much
more th.n the hottest running fuel plate in the MIT Reactor, and most
of the heat will be dumped to the reactor primary coolant via the shot

, _ _ .- _ _ _ _ __ _ _ _ _ _ _ _ ___ ._ ___
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bed in the steam generator section above the core. Hence, the thimble
is easily cooled by the flow of primary coolant through the 0 050 inch
thick channel between the thimble and the dummy fuel element that
surrounds it.

The' SER addresses the potential for a Zirealoy-water reaction and
shows that cooling by conduction and radiation will prevent tempera-
tures in the thimble from exceeding 1845'T for the maximum radiation
heating, which is estimated not to exceed 9.6 kW. This is based on
very conservative extrapolation of temperatures measured out of core
in a test mock-up of the loop assembly under LOCA conditions at heater
powers in the range of 2470-4510 watts. The 1845'T is significantly
below the 2200*F post-LOCA limit on Zircaloy temperature imposed for
PWR units b) NRC',

Assurance that electrical heating will be stopped, so that total
heating will not exceed the 9.6 kW which might result f rom g amma and
fast neutron heating with the re=ctor at full power, is achiaved by
redundant heater shut-offs that are activated by high lead bath
temperaturer. The sensors and relays that interrupt power to the
heaters are completely independent, thus avoiding compromise by a
single failure.

Elevated lead bath temperatures are not a threat to the aluminum
thimble, because there is no contact between the thimble and the tita-
nium can holding the lead except at occasional small points of contact
with high spots on the wcld bead stiffener on the outer surface of the
titanium can and at the support ring which is at the top of the tita-
nium can extension about 12 inches above the lead bath.

In view of the above active and passive safety features, it is
not credible that temperature ef fects within the thimble can affect
the fuel, core structure or other components important to safety and,
hence, there is no unreviewed safety question in this regard.

3.4 Hydrogen Leak and Combustion

The SER demonstrated that the hydrogen combustion hazard in the
thimble is minor. The hydrogen, except in the charging tank and
transfer flask, both of which are outside the biologiwal shield, is
dissolved in water. The hydrogen within the biological shield is
almost all in the water circulating in the loop and amounts to about
25 cc at standard temperature and pressure. This in approximately
equivalent to 9 mg of TNT, less than the 25 mg permitted by Technical
Specification 6.1-3b without a documented safety analysis.

The maximum hydrogen in service will be about 3 ft' (STP) in one
of the charging tanks, located outside the biological shield, when
nearly all of the charging water has been emptied from the tank. The
SER demonstrated that only through highly improbable scenarios can
this gas, along with the oxygen necessary for combustion, get into the
loop thimble. Even if it does, it will be mixed with helium and with
water vapor or steam, and the void geometry is small (about i fts),

_ _ . _ _ - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ , ,-- _ _ _ _ _ . , _ _ _ -_ _,,
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dispersed, and very unfavorable for a detonation'. Calculations show
that the reaction of a stoichiometric quantity of hydrogen (0.5 mols)
with the oxygen in one cubi- foot of air (equal to the void volume) at
atmospheric pressure would produce only 135 BTU, a negligible amount
(equivalent to burning 3.4 grams of fuel oil). Pressure buildup from
any def1'agration is readily relieved by redundant relief valves. It
is, therefore, not credible that the thimble integrity can be breached
by hydrogen combustion. The thimble itself is contained within the
dummy fuel element, which presents a further barrier for protection of
the fuel, core structure, and other components important to safety.
Since these cannot be damaged or caused to malfunction by the highly
unlikely combustion of hydrogen within the thimble, there is no
unreviewed safety question in this .egard.

The transfer flask and the charging and discharge tanks, contain-
ing no more than 10 SCF of hydrogen each, aco not a hazard in the con-
tainment, because discharge of their entire contents, even simultane-
ously, into the containment atmosphere (200,000 fts) will result in a
concentration f ar below the lower explosive limit, and an explosion-
proof fan mounted near the transfer flask and the charging and dis-
charge tanks will prevent local accumulation of a combustible gas
mixture.

3.5 Loss of Looo Pumping Power or Loss of Flow

Without circulation, the coolant in the loop will overheat and
escape via a relief valve to the discharge tank, allowing the loop to
boil dry. Again, there can be no effect on components outside the
thimble.

3.6 Leak in the Lead-Bath can

The SER addresses the questions of large and small leaks of lead
from the titanium can and concludes that there are no credible mecha-
nisms by which the loop can adversely affect MITR safety. This con-
clusion is supported by successful results in experiments designed to
simulate such failures.

The SER analysis is conservative in that it does not take crLdit
for the additional protective barriers provided by the coolant flow
outside the thimble and the aluminum dummy element in which the thim-
ble is contained. Both would protect the fuel and other components in
the hypothetical event that molten lead should penetrate the thimble
wall.

,

3.7 Emergency Core Coolina System (FCCS)
!

The steam generator (shot bed) section of the system is enclosed
in a 4 inch diameter aluminum tube extending from near the top of the
reactor primary coolant tank to about a foot above the core. It is
thus large enough to create the potential for the shadowing of some
fuel elements from the water sprayed onto the top of the core by the
ECCS system in the event that the reactor core should not be covered
by water.

_ _ _ _ _ _ - __. _. - _ _ . _ _._ ._. _.___ _
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Tests were made using a mock-up of the core top, primary coolant
flow guide, PCCL and a 2-inch diameter in-core sample irradiation
facility. It was found that sprayed ECCS water splashed randomly from
the experimental facilities and from the interior surfaces of the flow
guide so that any shadowing effect was minimized, and each fuel posi-
tion received at least one-third of the average flow per element.
Adding a second 4-inch dirmoter experimental facility increased the
shadowing effect slightly but each fuel position received at least
one-quarter of the average flow per element.

The ECCS for HITR-II is described in the Safety Analysis Report,
Section 6.1, Emergency Cooling ('). The analysis in that section has
been revised to account for the installation of experimental facil-
ities, such as the PCC1, in the core, and it demonstrates very conser-
vatively that the ECCS system will adequately cool the core containing
such facilities (even those fuel positions that receive only
one-quarter of the average flow) in the event, considered incredible,
that the core should become uncovered.

3.8 Electrical Short Circuit within the Thimble

The electrical heating system has been analyzed to determine
whether a short circuit can cause d amag e to or malfunctions of the
fuel, core structure or other components important to safety, either
by arcing or by current surges.

The electrical heater is rated for 20 kW. In the design present-
ly being tested, the heat output Js distributed unformly over the two
legs of a U-shaped heater, each leg being 21.5" long. Each leg is
sheathed in carbon steel with an 0.D. of 0.440 inches, and the
insulation in ceramic. The power source is 270-Volt A.C.

Electrical protection consists of a 150-A semiconductor fuse in
the heater power controller, connected on one leg of the power output.
This is backed up by 100-A circuit breakers in the box which feeds the
power controller. There are also 200-A fuses at the safety disconnect
where the connection from the insulated pothead (which penetrates the
containment) to the CCL heater bus is made. (The designation CCL is
used because this bus eventually will power other loops, not just the
FCCL.) The aluminum thimble and the power controller will be grounded
to a heavy copper bus connected by 4/0 coppar cable to the reactor
electrical equipment ground bus.

A failure of the ceramic insulation could result in a short cir--
cuit between the heater leads or between one lead and grounded compo-
nents in the core. Characteristics of the protection devices are such
that energy deposited in the materials subject to damage by the short
cfreult car melt and/or vaporize only small amounts of materials.
This melting would involvo only materials inside the thimble, such as
the cable sheath, lead or support brackets. Additional barriers
protecting the fuel are the titanium can, the aluminue thimble, a
water gap, the aluminum dummy element and either another water gap or
the side plate of a fuel element. Because the thimble is well

1

__ _,_._ - ,.. _ . . _ _ _ _ . _ . _ . . . _ _ __ , _ _ _ .- _ _ _ _ _ , - . , , _ _ , - _ . _ _ _ _ . - - _ . , , ._ m . -_-
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grounded and the titanium can makes good contact with the thimble,
there should be no arcing at the thimble wall. The grounded thimble
is a very effective shield against voltages being applied to in-core
components, due to its large cross-sectional area and high cor.ductiv-
ity.

,

The ability of the neater fuse to protect the cystem was observed
during an unplanned demonstration when failure of the insulation on
the heater power loads: 1ed to a short circuit at the point where the
leads are sealed into the heater. The heater was connected at the
time to 220 V, a little less than the 270 V to be used in service, but
the only damage before the fuse opened was vaporization of a small
fraction of an inch of lead-in vira and a little adjecent thermocouple
wire. The f ailure was related to the method of insulating the leads
near where they are attached to the heater, and redesign should pre-
vent a repetition. The event, however, demonstrates that this hazard
is easily contained within the thimble.

There have also been two failur s of the Inconel heating elements
near the top of the heater during ts to measure the system's capa-
bility for dissipating gamma and .autron heating upon loss of loop
coolant during reactor operation. The tests have served this purpose
(see Section 3.3), but, in addition, they have shown (1) that the
effects of short-circuits in the heating elements are cenfined within
the heater sheath and (2) that overheating will cause failure of the
heating elements and cut-off of power before the bath temperature
significantly exceeds the normal operating range.

In view of these considerations, it is not conceivable that fuel,
the core structure or other (. ponents important to safety can be
affected by destructive heating at the point of insulation failure.

Power for the reactor facility is provided by a 13,800/480-277V,
1000-XVA transformer. Power for the PCCL equipment is fed directly
via a 360-A breaker, a new pothead at the containment wall, a 200-A
fused safety disconnect switch to the CCL heater bus, a 100-A breaker
off the bus, a heater power controller and finally a 100-A fuse.
Power for the reactor is supplied over entirely separate lines from
the 1000-KVA transformer, so that current surges due to loop malfunc-
tions will have negligible effect on the power supply for re' actor
instrumentation and controls. Cables for the CCL power are run in
conduits distinct from those for react)r control circuits. The PCCL
thimble will be gounded by heavy cable to the reactor ground system,
again avoiding proximity to reactor control circuits. Consequently,
current surges due to short circuits or otherwise are expected to have !

no significant effect on reacter operation.

4. Conclusion

It is concluded that f ailures or accidents originating with the
PCCL loop cannot interact with the reactor fuel, core structure or
other components important to safety, except through reactivity of-
facts. In this case loop failures or accidents will not cause reac-

__ .- . . - _.
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tivity changes exceeding those authorized by the Technical Specifica-
tions. For equipment important to safety, (i) the probability of an
accident or malfunction is not increased, (ii) the possibility for an
accident or malfunction of a different typ than that previously eval-
usted in the SAR is not created, and (iii) no margin of safety in any
technical specification is reduced. Consequently, the FCCL experiment
does not Jnvolve an unreviewed safety question.
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A pressurized coolant chemistry loop (PCCL) is to be installed in the MITR core. The
PCCL is described and its safety evaluated in a Safety Evaluation Report (SER),
MITNRL-020, dated February 13, 1987 and a Supplement dated April 19, 1988.

Safety Evaluation (Attach extra pages if necessary):
The MITR Staff's safety evaluation is contained in the attached pp. 1 - 11. It

concurs with the PCCL Project Staff that operation and experimentatioa with the loop
will fully satisfy the MITR-II Technical Specifications and that no unacceptable
safety hazards will result.
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Safety Review d-0-66-9: PWR Coolant Chemistry Loop (PCCL)

1. Description of Change

An in-pile loop designed to simulate the primary coolant system
of a pressurized water reactor (PWR) is to be installed in the MITR-II
core. The facility is described in detail in Reference 1, "Safety
Evaluation Report (SER) for the PWR Coolant Chemistry Loop (PCCL)",
Report No. MITNRL-020, February 13, 1987, plus a supplement dated
March 22, 1988, both prepared for review by the MIT Reactor Safeguards
Committee and attached hereto.

2. Safety Evaluation

The SER addresses the following topics:

PCCL loop design
Operational and experimental procedures
Maximum effects of reactivity, pressure, and temperature
Radiation levels and ALARA considerations
PCCL safety evaluation
Waste handling and disposal
Future work

It concludes that operation and experimentation with the PCCL
loop will fully satisfy the MITR-II Technical Specifications' and that
no significant health or safety hazards will result from such activi-
ties. The MITR Staff has worked with the PCCL Staff on the design of
the facility and on preparation of the SER, and it concurs with the
above conclusions.

Attachment of the SER and its Supplement to this Safety Review is
only for the purpose of providing a description of the experiment and
the Proj ec t Group's evaluation of its safety. It is expected that
experience gained from installing and operating the loop will require
changes in the facility and its operation as now described in the SER
2nd Supplement. In accordance with internal MITR procedures, such
changes will be documented and will be reviewed to assure compliance
with the MITR Technical Specifications. As required by 10 CFR 59(b)
(1), such changer will also be evaluated to determine whether or not
an unreviewed safety question (USQ) exists. As a minimum, any change
that is predicted to pe rmit any one or more of the following parame-
ters to exceed the limit stated in the SER (and again below) will be

i
!
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submitted to the MIT Reactor Safeguards Committee for its opinion con-
cerning whether or not an USQ exists and, if one is deemed to exist,
the change will be submitted to USNRC for approval before implementa-
tion:

1. Pressure limits:

a) 2500 psia in the Zircaloy loop, with redundant protective
devices designed to relieve at 2500 to 3000 psia,

b) 100 psia in the aluminum thimble, with redundant protective
devices designated to relieve at 100 to 500 psia.

2. Temperature limits assurance that the Zircaloy tubing temper-
ature will not exceed 2200'T under any conditions, including
abnormal, shall be achieved by utilizing redundant electric
heater shut-offs, each having its own thermocouple sensing the
lead bath temperature.

3. Hydrogen inventory limit: 30 SCF, which is the combined maximum
inventories of the transfer flask, the charging water and dis-
charge water storage tanks, and the dissolved hydrogen. Assur-
ance that this quantity will not be exceeded is provided by the
limited capacities of the tanks and by administrative controls
that will restrict the hydrogen charged into the transfer flask
to a maximum of 10 SCF.

Surveillance procedures will provide for periodic functional
testing of the pressure relief valves and heater shut-off circuits
that assure compliance with the above limits.

3. Unreviewed Safety Question Determination

The loop (0.26" ID Zircalloy in core and 0.26" ID Inconel out of
core, 0.026" vall thickness in both cases) will operate at 2200 psi
and 600*F. It (along with a heater, lead bath and instrumentation)
will be enclosed in an oval-shaped aluminum thimble having a 0.125"
vall thickness. The lower end of the thimble, the in-core section,
fits into a solid, aluminum Jummy fuel element in the same manner as
do in-core s ample thimbles. Details are provided in the SER and its
Supplement.

Among the functions of the above components is protection of the
fuel, core structure and other components of the reactor important to
saf ety f rom damage or malfunctions regardless of credible failures of
or within the thimble. It must be shown that such failures cannot

'

credibly interact with the above reactor components An such a way as
to create the potential for an unreviewed safety question as defined
below:

,

10CFA50.59(2) - A proposed change, test, or experiment shall be
deemed to involve an unreviewed safety question (1)
if the probability of occurrence or the consequences

L
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of an accident or malfunction of equipment important I

to safety previously evaluated in the safety analysis
report may be increased; or (ii) if a possibility for I

an accident or malfunction of a different type than |
any evaluated previously in the safety analysis
report may be created; or (iii) if the margin of
safety as defined in the basis for any technical
specification is reduced.

Failures or accidents that originate with the experimental equip-
ment are evaluated to see if they can lead to accidents or failures
involving reactor components. If they cannot, an unreviewed safety
question does not exist. If they can, then the accident to or failure
of the affected reactor component must be evaluated with respect to
the three parts of the USQ definition. The following methods of
interaction between the loop and the reactor will occur or may be
postulated

3.1 Reactivity Effects

MITR-II Technical Specification 6.1-1 limits the reactivity worth
of experiments to the following values:

Single Experiment Worth Total Worth

Movable 0.2% AK/K 0.5% AK/K

Non-secured 0.5% AK/K 1.0% AK/K

Total of the above 1.5% AK/K---

Secured 1.8% AK/K ---

The three types of experiments are defined in Section 1 of the
Technical Specifications as follows:

1.23 Secured Experiment

A secured experiment is an experiment or experimental
facility held firmly in place by a mechanical device or by gravi-
ty, such that the restraining forces are substantially greater
than those to which the experiment might be subjected by hydrau-
lic, pneumatic, buoy arit , or other forces which are normal to the
operating environment of the experiment or by forces which can
arise as a result of credible malfunctions.

1.24 Movable Experiment

A movable experiment is one where it is intended that the
entire experiment may be moved in or near the core or into or out
of the reactor while the reactot is operating.

1.25 Non-Secured Exceriments

Experiments where it is intended that the experiment should
not move while the reactor is operating, but is held in place
with less restraint than secured experiment.

L
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Potential reactivity effects associated with the PCCL have been |

addressed in the Safety Evaluation Report for the facility 8 Credible
,

effects arise from the use of boron for water chemistry and from pos- I

sible flooding /reflooding incidents.

Water and contained chemicals in the loop are classified as a
non-secured experiment, and so their reactivity worth is limitod te
0.5% AK/K. Conservative calculations given in the SER show that ej ec-
tion of all in-pile boron, even if it were first concentrated in the
core region of the loop, would not exceed +0.02% AK/K. This reactiv-
ity effect is minimized by use of boron enriched in the B-11 isotope.

For the reactivity ef fects of flooding /reflooding scenarios for
the in-core loop, the void volumes in the thimble and the coolant
channel annulus between the thimble and the dummy element are such
that effects are measured or calculated to be well within the 0.5%
AK/K limit for non-secured expc.iaents. Flooding the void volume in
the thimble has been measured to cause a +0.14% AK/K reactivity
effect. The 0.050" cooling annulus between the thimble and the dummy
element, if voided, is calculated to produce a +0.17% AK/K reactivity
effect on reflooding.

The total worth of all non-secured experiments must not exceed
1.0% AK/K. The only other non-secured experiment presently in the
core is a 1.75 inch I.D. irradiation thimble whose non-secured reac-
tivity (due to flooding accidents) is limited to 0.5% AK/K by the
insertion of sample capsules or solid spacers. Even TAough there are
no conceivable accidents during reactor operation that could lead to
rapid flooding of more than one thimble at a time, the total non-
secured worth of all such experiments that might be installed at any
one time will be limited as required by the Technical Specifications,
using measurements or conservative calculations of the flooding reac-
tivity worth.

The titanium can and contents (lead, loop, heater, and fixtures)
are classified as a secured experiment, because they are mechanically
held in position by the loop tubing and other structural components.
Their complete ejection from the thimble followed by flooding must not
exceed 1.8% AK/K. Complete ejection, such as by sudden rupture of the
loop at its lowest point (the U-bend), is difficult to envision,
because of limited void volume between the top of the in-core section
and the bottom of the steam generator (shot bed) section, which will
limit ejectable lead to no more than one-third of the amount in the
bath. Also, materials thrust upwards by the steam would tend to f all
back into the thimble, thereby limiting the floodable volume in-core.

At w1tst, flooding one-third of the thimble volume would approxitaate
one-third of the 1.0% AX/K positive reactivity ef fect that has been
measured for flooding of an empty 1.75 inch I.D. irradiation thimble 8,
because the volumes are comparable. The reactivity of tha ej ect able
lead is not expected to be large, because the combined reactivity
effects of removing the lead, the titanium can and the water-filled
zircalloy loop is only +0.17% AK/K. This assuree compliance with the
1.8% AK/K limit.

L
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No limit is imposed by the Technical Specifications on the total
,

worth of all secured experiments. In the future, if more than one '

loop is installed in the core, it must be shown that there is no cred-

ible coupling between them that could lead to a positive reactivity
,

effect exceeding 1.8% AK/K. This is the limiting value, as shown in
'

Chapter 15 of the MITR-II Safety Analysis Report *, for a step inser-
tion of reactivity below which the reactor can be safely shut down
without damage to the core. Measurements made at startup of the
MITR-II' confirmed the value.

Because the various components (whether classified as non-secured
or secured) meet applicable technical specifications and because there
are no conceivabis reactivity events that could exceed the limiting
value of 1.8% AK/K, there are no unreviewed safety questions related
to reactivity insertions.

|

3.2 Pressure Effects

The PCCL will operate at approximately 2200 psia and 600*F. The
system contains about 0.5 liters of water at these conditions, 40 ml
of which are in the core region. The loop itself, circulating pump,
charging pump, and associated equipment have design pressures of 3000
psi or higher, and the system is protected by a relief valve set to ;

open at 2500 psi, backed up by a burst disc designed for 3000 psi.

The loop itself is contained in an elliptical Type 6061 aluminum
thimble (major axis 2.5 in. , minor axis 1.4 in., thickness 0.125 in.)
in the core and in a cylindrical Jacket (diameter 4 in.) above the
core. The thimble and jacket are designed for, and will be hydrostat-
ically tested at, 750 psia. They are protected by redundant pressure
relief valves set at 30 to 100 psia.

I In the event of a loop rupture allowing the 0.5 liters of pres-
surized water to flash to steam, calculation in the SER of the maximum !

steam pressure at 350'F (average temperature of the shot bed
surrounding the steam generator section et the loop) shows that it
will not exceed 481 psia, ignoring the pressure suppression effect of (
condensation of steam on the cold (*100'F) aluminum walls of the
thimble.

|

| Hence, there can ba no effect on components outside the thimble
and no unreviewed safety question.

1.3 Temperature Effects

The in-pile loop asssembly will be heated both by a 0 to 20 kW
heater and by a combination of gamma and fast neutron radiation. The
normal combined heat load will be less than 20 kW. The radiation

| heating is estimated in the SER Supplement to be 9.6 kW at a reactor
| power of 5 MW, so that 29.6 kW would be the maximum heat load

|
potentially available under malfunction conditions. This is not much
more than the hottest running fuel plate in the MIT Reactor, and most
of the heat will be dumped to the reactor primary coolant via the shot
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bed in the steam generator section above the core. Hence, the thimble
la easily cooled by the flow of primary coolant through the 0.050 inch
thick channel between the thimble and the dumay fuel element that
surrounds it.

The SER addresses the potential for a Zircaloy-water reaction and
shows thac cooling by conduction and radiation will prevent tempera-
tures in the thimble from exceeding 1845'F for the maximum radiation
heating, which is estimated not to exceed 9.6 kW. This is based on
very conservative extrapolation of temperatures measured out of core
in a test mock-up of the loop assembly under LOCA conditions at heater
powers in the range of 2470-4510 watts. The 1845'F is significently
below the 2200*F post-LOCA linit on Zircaloy temperature imposed for
PWR units by NRC'.

Assurance that electrical heating vill be stopped, so that total
heating will not exceed the 9.6 kW which might result from gamma and
fast neutron heating with the reactor at full power, is achieved by
redundant heater shut-offs that are activated by high lead bath
temperatures. The sensors and relays that interrupt power to the
heaters are completely independent, thus avoiding compromise by a
single failure.

Elevated lead bath temperatures are not a threat to the aluminum
thimble, because there is no contact between the thimble and the tita-
nium can holding the lead except at occasional small points of contact
with high spots on the veld bead stiffener on the outer surface of the
titanium can and at the support ring which is at the top of the tita-
nium can extension about 12 inches above the lead bath.

In view of the above active and passive safety features, it is
not credible that temperature effects within the thimble can affect
the fuel, core structure or other components important to safety and,
hence, there is no unreviewed safety question in this regard.

3.4 Hydrogen Laak and Combustion

The SER demonstrated that the hydrogen combustion hazard in the
thimble is minor. The hydrogen, except in the charging tank and
transfer flask, both of which are outside the biological shield, is
dissolved in water. The hydrogen within the biological shield is
almost all in the water circulating in the loop and amounts to about
25 cc at standard temperature and pressure. This is approximately
e qu iva l e r.t to 9 mg of TNT, less than the 25 mg permitted by Technical
Specification 6.1-3b without a documented safety analysis.

The maximum hydrogen in service will be about 3 ft' (STP) in one
of the charging tanks, located outside the biological shield, when
near1.y all of the charging water has been emptied from the tank. The
SER demonstrated that only through highly improbable scenarios can
thiw gas, along with the oxygen necessary for combustion, get into the
loop thimbic. Even if it does, it will be mixed with helium and with
water vapor or steam, and the void geometry is small (about 1 ft'),

!
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disperted, and very unfavorable for a detonation'. Calculations show
that the reaction of a stoichiometric quantity of hydrogen (0.5 mols)
with the oxygen in one cubic foot of air (equal to the void volume) at
atmospheric pressure would produce only 135 BTU, a negligible amount
(equivalent to burning 3.4 gr ams of fuel oil). Pressure buildup from
any deflagration is readily telieved by redundant relief valvec. It

is, therefore, not credible that the thimble integrity can be breached
by hydrogen combustion. ". h e thimble itself is contained within the
dummy fuel element, which presents a further barrier for protection of
the fuel, core structure, and other components important to safety.
Since these cannot be damaged or caused to malfunction by the highly
unlikely combustion of hydrogen within the thimble, there is no
unreviewoo safety question in this regard.

The transfer flask and the charging and discharge tanks, contain-
ing no more than 10 SCF of hydrogen each, are not a hazard in the con-
tainment, because discharge of their entire contents, even simultane-
ously, into the containment atmosphere (200,000 ft') will result in a
concentration far below the lower explosive limit, and an explosion-
proof fan mounted near the transfer flask and the charging and dis-
charge tanks will prevent local accumulation of a combustible gas
mixture.

3.5 Less of Loop Pumping Power or Loss of Flow

Without circulation, the coolant in the loop will overheat and
escape via a relief valve to the discharge tank, allowing the loop to t

boil dry. Again, there can be no effect on components outside the
thinble.

3.6 Leak in the Lead-Bath Can

The SER addresses the questions of large and small leaks of lead
!

from the titanium can and concludes that there are no credible mecha- |

nisms by which the loop can adversely af fect MITR safety. This con-
clusion is supported by successful results in experiments designed to
simulate such failures.

The SER analysis is conservative in that it dess not take credit
for the additional protective barriers prov' he coolant flow |,

outside the thimble and the aluminum dunn) t m.e* .? which the thim-
ble is contained. Both would protect the fus. ,t sr components in
the hypothetical event that molten lead should $~ . rate the thimble
wall.

,

3.7 Emergency Core Cooling System (ECCS)
|

lThe steam generator (shot bed) sec. tion of the system le enclosed
in a 4 inch diameter aluminum tube extending from near the top of the
reactor primary coolant tank to about a foot above the core. It is t

thus large enough to create the potential for the shadowing of some j
fuel elements from the water sprayed onto the top of the core by the !
ECCS system in the event that the reactor core should not be covered
by water.

|

|

\ (
- _ . _ _ . _
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Tests were made using a mock-up of the core top, primary coolant
flow guide, PCCL and a 2-inch diameter in-core sample irradiation
facility. It was found that sprayed ECCS water splashed randomly from
the experimental facilities and from the interior surfaces of the flow
guide so that any shadowing effect was minimized, and each fuel posi-
tion received at least one-third of the average flow per element.
Adding a second 4-inch diameter experimental facility increased the
shadowing effect slightly but each fuel position received at least
one-quarter of the average flow per element.*

The ECCS for MITR-II is described in the Safety Analysis Report,
Section 6.1, Emergency Cooling ('). The analysis in that section has
been revised to account for the installation of experimental facil-
ities, such as the PCC1, in the core, and it demonstrates very conser-
vatively that the ECCS system will adequately cool the core containing
such facilities (even those fuel positions that receive only
one-quarter of the average flow) in the event, considered incredible,,

1 that the core should become ut covered.

3.8 Electrical Short Circuit within the Thimble

'

The electrical heating system has been analyzed to dete rmine
whether a short circuit can cause d amage to or malfunctions of the

'

fuel, core structure or other components important to safety, either
by arcing or by current surges.

The electricci heater is rated for 20 kW. In the design present-
ly being tested, the heat output is distrib ted unformly over the two
legs of a U-shaped heater, each leg being 21.5" long. Each leg is
sheathed in carbon steel with an O.D. of 0.440 inches, and the,

insulation in ceramic. The power source is 270-Volt A.C.
,

'

Electrical protection consists of a 150-A ser.iconductor f'a s e in
i the heater power controller, connected on one leg of the power output.

This it backed up by 100-A circuit breakers in the box which feeds the
pows controller. There are also 200-A fuses at the safety disconnect

' where tiis connection f rom the insulated pothead (which penetrates the
'

sment) to the CCL heater bus is made. (The designation CCL is
j ause this bus ,ventually will power other loops, not just theusa 9 :s

the aluminum thimble at.d the power controller will be grounded..

to e asavy copper bus connected by 4/0 copper cable to the reactor,

electrical equipment ground bus.

| A failure of the ceramic insulation could result in a short cir-
; cuit between the heater leads or between one lead and grounded compo-
'

nents in the core. Characteristics of the protection devices are such
that energy deposited in the materials subject to damage by the short
circuit ea, melt and/or vaporize only small amounts of eatorials.'

| This melt ing would involve only materials inside the thimble, such as
i the cable sheath, lead or support brackets. Additional barriers
| protecting the fuel ara the titanium can, the sluminum thimble, a
| vater gap, the aluminum dummy element and either another water gap ar '

| the side plate of a fuel element. Because the thimble lu well

__ _ _ _ _ _ _ . .
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.

grounded and the titanium can makes good contact with the thimble,
there should be no arcing at the thimble wall. The grounded thimble
is a very ef fective shield against voltages being applied to in-core
components, due to its large cross-sectional area and high conductiv-
ity.

The ability of the heater fuse to protect the system was observed
during an unplanned demonstration when f ailure of the insulation on '

the heater power leads led to a short circuit at the point where the
leads are sealed into the heater. The heater was connected at the
time to 220 V, a little less than the 270 V to be used in service, but
the only damage bef or6 the fuse opened was vaporization of a small

I f raction of an inch of lead-in wire and a little adj acent thermocouple
wire. The failure was related to the method of insulating the leads

; near whero they are attached to the heater, and redesign should pre-
'

vent a repetition. The event, however, demonstrates that this hazard
; is easily contained within the thimble.

I There have also oeen two failures of the Inconel heating elements
i near the top of the heater during tests to measure the system's capa-

bility for dissipating g ansna and neutron heating upon loss of loop
cec \ ant during reactor operation. The tests have served this purpose
(a e Section 3.3), but, in addition, they have shown (1) that the;

effects of short-circuits in the heating elements are confined within
the heater sheath and (2) that overheating will cause failure of the
heating elements and cut-off of power before the bath temperature
significantly exceeds the normal operating range.

;
1 In view of these considerations, it is not conceivable that fuel,

the core structure or other components important to safety can be,

affected by destructive heating at the point of insulation failure.
i

! Power for the reactor f acility is provided by a 13,800/480-277V,
I 1000-KVA t a ansf ormer. Power for the PCCL equipment is fed directly

via a ?60-A breaker, a new pothead at the containment vala, a 200-A
fused safety disconnect switch to the CCL heater bus, a 100-A breaker
off the bus, a heater power controller and finally a 100-A fuse.

{ Power for the reactor ts supplied over entirely separate lines from
; the 1000-XVA transformwr, so that current surges due to loop malfune-
4 tions will have negligible effect on the power supply for re' actor
| instrumentation and controls. Cables for the CCL power are run in
| conduits distinct from those for reactor cJntrol circuits. The PCCL
| thimble will be sounded by heavy cable to the reactor ground system,

again avoiding proximity to reactor control circuits. Consequently,
current surges due to short circuits or otherwc o are expected to have
no significant effect on reactor operation.

4. Con-tusion

It is conclude, that f ailures or accidents originating with the
PCCL loop cannot ir aract with the reactor fuel, core structure or
other components important to safety, except through reactivity ef-
fects. In this case loop f ailures or accidents will not cause reac-

b
__



_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ __ __ ________________ _ -___

,

'
6,

.

o.

-10-

tivity changes exceeding those authorized by the Technical Specifica-
tions. For equipment important to safety, (i) the p*obability of an
accident or malfunction is not increaf d, (ii) the possibility for an
accident or malfunction of a different type than that previously eval-
usted in the SAR is not created, and (iii) no margin of safety in any
technical specification is reduced. Consequently, the PCCL experiment
does not involve an unreviewed safety question.
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1 1. INTRODUCTION

a) Poreword

This is the safety 6 valuation report for an in pile loop facility

i design'ed to simulate the primary coolant system of a pressurized water
|

reactor (PWR). The loop will be used to carry out research into the

ef fects of coolant chemistry on the transport and deposition of corrosion

product radionuclides as part of a program to develop means for thea

| reduction of maintenance doses in the nuclear utility industry. Loop
,

construction and operation are funded by the Electric Power Research {

Institute and the Empire State Electric Energy Research Corporation; loop

conceptual design has been funded in-house and by a research project sup-
,

f ported by regional utilities (Boston Edison, PSE&G, and Duke Power) under

the Electric Utility Program of the MIT Energy Laboratory. This program

also calls for the design and operation of a loop simulating BWR condi- :,

tionsI however, the BWR loop will be covered by a separate submission. i

The objective of this report is to present a sununary description of
i

i the design and operating procedure of the WR Coolant Chemistry loop

.| (PCCL) in suf ficient detail, and with supporting analyses, to demonstrate
,

i

;
'

that it can be operated safely within the envelope of applicable MIT
,

r

Reactor Technical Specifications. To this end, a number of topics will |
'

;

be emphasized, including the ef fect of the PCCL on core reactivity, !

,
-

-

i energy dissipation following loss of normal energy removal capability. |

} the consequences of leakage, and hydrogen handling. ;

| !

! b) General Description [
!

i

I 1) In-pile loop design (
f

The guiding design philosophy in the development of the PCCL :

concept has been to simulate all important PWR primary coolant system

| [

i

t

. _ _ _ , . _ _ _ . . . . . , _ _ _ _ _ _ _ _ ., c _ , , _ _ , . _ _ . _ ~ . _ , _ _ , . _ . . _ _ , _ _ _ _ _ _ _ , _ _ _ _ , . - - - . _ _ , , . , _ _ . - - _ _ - - _ _ , - _ . _ .
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parameters (e.g., pressure, temperature, velocity, materials, surface '

area ratios, etc.) as closely av possible, as summarized in Table 1.1,
5but at a greatly redeced scales on the order of 10 smaller. Despite

being quite small on a sacroscopic basis, good simulation of a PWR

coolant flow unit cell (steam generator tube--inter-fuel pin channel) is '

achieved on approximately a one-third scale. The resulting design is

depicted schematically in Fig. 1.1. It is a relatively simple layout !

consisting main 1,y of 0.25 inch ID tubing, containing less than 0.5 liter
i

of coolant circulated at approximately 1-2 sps with a canned rotor !
:

pump. An electric heater supplies 10-20 kW of energy to the Zircaloy
|

in pile segment. The system is externally yressurized using a positive

displacement diaphraga-type pump plus backprosaure valve--a practice

; proven in many years of out-of pile autoclave experiments operated at
| L

MIT, Westinghouse, and General Electric. >

Features which are particularly significant from a safety viewpoint
i

are as follows:
;

j ' The entire loop is encapsulated by an aluminum thimble of

2 inches diameter in-core (where it is housed in a dummy fuel

elemont), increasing to 4 ine.hes above the core, topped by a pod :
;'

containing. the pump. The thimble atmosphere is helium gas at

j f,50 psi, and the thimble is protected from overpressurization by
(

j a pair of 100 pet relief valves. Relief valves also protect the
|

i
r

) loop itself against > 2,500 psia (see Section 2.a). [

* Energy is added to the in-core section of the loop, a Zircaloy

U-tube, by electric resistance heaters innersed in a asall lead

<

j bath surrounding the U-tube. Calculations and confirsatory f

i

experiments have shown that when electreic heat is shut off,
j

1

,
,

,
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TABLE 1.11 COMPARISON OF PWR AND PCCL PARA)2TERS
'

Parameter Representative M_IT PCCL*
FWR

1. Des,igned to Match Virtually Exactly

Pressure, psia 2,240 hence same Y.
H2O density,Temperatures high/ low. 'F 605/547 viscosity

Flow velccity in core, ft/s 14 hence same
fluid shear

2 I3Thermal neutron flux, n/cm -s 2x10 hence real-time
activation i

I Core heat flux, Btu /h-ft 180,000 hence same film
2

AT

2Steam generator heat flux, Btu /h-ft 67,000

Purification rate, sys. vols/a 10 3 hence, same i
exogenous sink L

strength

; 2. Other C:.aparisons of Significance
1 '.

'
; Steam generator

Tube velocity, ft/s 21 15,

'
5 5Reynolds Number 7.4x10 2.4x10

Nusselt Number 1,100 450.

; Length / diameter ratio 940 550

| Axial T gradient 'F/in 0.08 0.38
Area ratio SG/ core 2.7 3.3

| Core -

,l i

5 3Reynolds Number 5x10 2.4x10
Nusselt Number 770 450,

<

j Length / diameter ratio 270 170 l

: Axial T gradient, 'F/in 0.4 1.2
2 I lFast neutron flux, n/cs -s 2x10 " 1x10 " !

; Loop transit time, s 15 5

! *At maximum power (20kW) maximum flow (2 spa); operating conditions may (be changed for specific experiments. '

t

t

w

_
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gamma heating by the MITR at full power can be safely dissipated

by radiation from the wall of the titanium bath can to the cold

aluminum thimble wall (see Appendix 1.a).

Energy (1 20 kW) is normally rejected by conduction through a bed*

of copper shot to the thimble wall, and thence to the pool of MITR

coolanc in the region well above the core (see Section 3.a).

As in a full-scale PWR, water decomposition is suppressed by main-*

tenance of a small amount [1 50 cc (STP)/kg] of H2 dissolved in ;

the coolant. A catalytic recombiner on the PCCL makeup tank |

atmosphere provides assurance that a combustible mixture will not |
i

exist within the tank, and the discharge tank is vented to the t

MITR off gas system through a flame arrestor. Total in-.

containment H2 inventory is limited by use of a small, low pres-
,

J *

sure, transfer flask as the only source of this combustible gas

(see Section 6.b)..

'

:
' Total in-core H O inventory in the loop is i 100 cc, hence void /*

2

) reflood reactivity is well within MITR experiment limits. Up to [

f 2,000 ppe of boron (as boric acid) may be added during experi-
1 ,

, ments, but the total boron inventory is inconsequential, and, in
!

any event, 98% B-11 is used (to reduce tritium productioni Li-7 is'

used for LiOM treatment for similar reasons) (see Section 4). -

1

| * In-core materials hue been selected (and screened using test [
, ,

irradiations) to insure that even unshielded dose rates during |

loop handling could not exceed several R/h--a value easily reduced

by two orders of magnitude using a shielded transfer flask / storage [

l container (see Sections 2.b and 3.b).
i

I

|

f

_ _ _ _ , _ _ _ _ _ , _ _ . . _ , _ , , . . . , _ . _ , _ _ , . _ , , _ . . . _ _ _ . _ _ _ _ _ , _ _ . , . _ , , _ . _ _ , ._ , ___
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* The loop support arrangement is conservatively designed to pre-

clude dropping an unsupported loop into the core, and to insure

that excessive weight is not borne by the MITR core grid (see
.

Section 2.c).

The above considerations, and others, are described in the various

sections of the body of the report, where supporting calculations and

references are also documented.

2) Experimental protocol

An appreciation of the type of experiments to be conducted

using the PCCL is essential to the understanding of its various design
,

features, and the safety implications of loop operations.

Research contracted with EPRI and ESEERCO for the first several

years of operation is devoted to measurement of the effects of coordi-

nated L10ll/H 803 treatment (i.e., effective operating pH) on the produc-3

tion, transport, and deposition of corrosion product radionuclides on

ex-core surfaces in a PWR environment. Thus, the experimental procedures

are relatively straightforward:

operate the PCCL for approximately one month out of pile to pre-*

condition the corrosion film on all loop surfaces;

move the loop into the MITR core tank for another one- to two-*

month run unde.r steady state coeditions (temperature, heat flux,

flow rate) in the presence of neutron and gamma irradiation;

* remove and disassemble the loop to assay the amount and spatial

distribution of important radionuclides such as Co-60 and Co-58

on loop surfaces (amounts measured in microcuries are to be
i

expected);

,

.
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repeat otherwise identical runs, varying only the LLOH/H 503e .
3

ratio, and compare results to activity transport models; use the

reaults as the basis of recommendations to PWR operators for a

, regimen of coolant chemistry control which will reduce exposure

doses. (Improvements by as much as a factor of 10 can be antici-
.

pated, based up)n the current level of understanding.)

Section 3 of this report provides appropriate detail on tha proposed

operational and experimental procedures, and Section 7 discusses the sub-

sequent disposal of radioactive waste products.
,

,

t

.

I

f

.i

;

!

!
!

|

|

!
i

i
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:

i

|
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2. DETAILS OF THE PCCL IE? DESIGN

a) Design Specifications. Tolerances and Safety Margins

Figure 1.1 above, indicates the layout of the loop components

which *will be within the MITR-II core tank. Specifications for the major

components are stsamarized in Table 2.1. Specifications most relevant to

the safety of the loop and the reactor are the thimble and loop maximum

pressure specifications and the heater shut-off mechanisms. Dimensional

tolerances are standard machine shop practiN except in the case of the
Ithimble-dummy elemen:: mating surfaces. For this fit, the dummy element

will be measured'af ter fabrication ud the critical thimbla dimensions [
,

specified to allow 0.005 in, clearance, +0.000-0.005.

b) Loop Materials - Compatibility with MITR-II Core and Coolant '

Several types of materials issues must be considered in evaluat-

ing PCCL safety compatibility with reactor primary coolant , reactiv-
,

ity, and activation. Reactivity issues are dealt with in Qctions 2.d
1

Iand 4, and activation is covered in Sections 5 and 7. This section deals
i

with the compatibility of loop materials with the reactor primary cool- -

I
ant.

[

Aa discussed above, the loop components are encapsulated in an !

aluminure thimble, which will constitute the major surface in contact with
:

the reactor coolant. The material used will be a certified reactor grade
i

alumintas and is thus within the envelope of materials approved for use in |;

1 |

| the core tank as specified in the MITR-II Technical Specifications Sec- !
1 i

tion 5.3. Apart from the alumintso, small amounts of gasketing material f,

i I

j will be used. A Viton 0-ring will be used to seel the upper flange at |
| I

the top of the thimble (above core tack water level), and a pure lead |
i

1 -

| gasket or other metal-to-metal seel vill be ur ed to seal a 2" port at the I

i t

|d

f
1

- - , , , , - . - - - , . . - - - - - -,- ,, ---, ,,,,, -. -n.--,--~._,- --..-.-_ -._,n ,_ _ . , - ,- - -,,,,- _ .n - --.n-
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TABLE 2.1: PWR COOLANT CHEMISTRY LOOP DESIGN SPECIFICATIONS

IN-CORE SYSTEMS

Pumpt

Capacity (GPM) 1-2
Design Canned-rotor
Temperature (F/C) 603/317

Normal Operating Pressure (PSI / Bars) 2200/152
Maximum Design Pressure (PSI / Bars) 3000/207

Loop Differential Pressure

(PSID/ Bars) 15-25/1-1.7
Material Inconel/ Stainless Steel

Power Supply 220 or 440 VAC, 100 watts
Variable Speed

Heater:

Power (variable) 0-20 kk'
Power Distribution Linear

Length (heated section)(in/cm) 24/61
Diameter (in/cm) 0.316/0.803

Sheath Material Carbon Steel
Voltage (VAC) 220

Shutoff systems - Automatic shutoff initiated by
one of two independent thermo-
couple temperature signals.

- Manual shutoff by experi-
menter/ reactor operator under
loop operating procedures.

- Passive shut-off by melting of
aluminum link in power line if

other erstems fail and bath
temperature reaches = 1100 T

Thimblet

Mat 9tial 6061 Aluminum
Wall Thickness (in/am) 0.125/3.2
Design Pressure (PSI / Bars) 30/2.1
Maximum Pressure- 100 PSI (relief valve)/

Loop Leak Accident <500 PSI (no relief)
Proof Pressure 750 PSI

,

- - - -
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.

Heated Sectiont
t

(Simulated Fuel Plu) '

P

Ma te rial Zircaloy 2 or 4
Diameter OD (in/ min) 0.312/7.9

ID (in/ min) 0.26/6.6
.

.) Configuration "U" Tube !' Heated Langth (approx)(in/ca) 50/127 ;

i |
Lead Bath Containert

) '

Ma te rial TI 6Al-4Vi

Wall Thickness (in/mm) 0.032/0.79
'

Simulated Steam Generator Tubet
1 ,

! Shot-Bed Heat Transfer Medium Copper Shot
,

j Tubing Inconel !

Diameter 00 (in/mm) 0.312/7.9i

; ID (in/mm) 0.26/6.6 |

,

Out-o f-Core Sys t em.
|

charting / Pressurization Pump: !,

.

Metering Pump Positive
| Displacement [
.

|l Flow Rate (ce/ min) (1000 ii

|I Maximum Pressure (PSI / Bars) 3000/207
i

Back-Pressure Valve Gas or Spring Loaded I4

'

i

) Check Valves Dual Ball-Type to prevent back
ii tiow and depressurisation (i
,

I

) i
'

:
* L

'
i

!

#

!

l

I

I<

! I'
1 !

,f
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*bottom of the shot bed heat exchanger section (approximately 18" above

the top of the MITR-II core). Note that all screws or bolts on the

thimble, which could potentially fall into the core tank, will be cap-

tured or held so that they cannot fall if inadvertently dropped. Small

amounts of gasketing materiti are permitted under the existing approval,

and it is not expected that they will produce any significant impact on

the primary coolant. Inconel tubing for feed / bleed flow, and instrumen-

tation and heater and pump power wiring will be fed through the top

flange of the thimble and through the core tank wall. These feedthroughs

will be above the core tank water level and will be isolated f rom the

core tank environment in polyethylene tubing or stainless steel conduit

(as is currently done with other experimental and operational facili-

ties). These components will be subject to splash and humidity from the

primary coolent, but will not be continuously exposed. Assin, no signi-

f ic ar.t impact on the primary coolant is expected, and the proposed PCCL

falls within the envelope of previously approved procedures from the

standpoint of cool'.nt compatibility.
;

It is recognized that the materials which will contact the primary

coolant as described above are subject to certification requirements.

Procedures for procurement and quality assurance of such materials are

described in Section 2.f. The consequences of a thimble leak followed by

re-release of primary coolant to the core are discussed in Section 6.b.4.

c) Structural Supports and Loading 7

Figure 2.1 shows the thimble support system. It consists of a

stainless steel bridge bolted to the core tank wall and capable of sup-

porting the full weight of two loops (in air) with apnropriate safety

margin. Each loop will be attached to this support using two spring-

i
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loaded bolts designed to accommodate the thermal expansion of the loop at

the operating condition. These supports will be designed to carry up to

the full 200 lb. weight of the loop in water. To prevent vibration of
'

the thiable in the flowing primary coolant, a small fraction of the loop

weight could be carried on the lower grid plate, or an upward force could

be exerted by the hold-down tabs against the upper grid plate as in the

case of the ICSA's.

The loop thimble will be secured against ejection from the core by

locking of the uppe'r grid plate over a latch tab on the thimble. This is

equivalent to the fuel element securement. (Note also that the clearance

between the top of the Icop thimble and the bottom of the core tank lid

will be only several inches, and complete ejection of the loop from the

core is therefore impossible even if the locking system fails.)

Provisions against dropping the loop and/or shield structures into

the core tank are discussed in Section 3.b.

d) Power Peaking in the MITR-II Core

Computer esiculations of the effect of the loop experiment under

various operating and accident scenarios are being carried out by Opera *

tions staff. Experience with previous experimenta such as the FCE sug-

gests that the PCCL will meet the Technical Specification requirements in

this regard. A report on the results of the calculations will be made

available to MITRSC members as soon as it is completed.

1

t



, _ - _ - _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _

-16- I

*

e) Instrumentation and Control

The instrumentation and control requirements for the PCCL are

rather simple. Redundant thermocouples on the loop's inlet and outlet

plena are used to generate a loop average temperature signal, and power

to the heater is varied to maintain constant T-averaget much the same

approach as used on actual PWR units. Control and safety instrumentation

both come in two categoriest essential and supplementary. The former

category consists of redundant thermocouples which measure loop hot and

cold plenum temperatures and heater bath temperature. The PCCL will be

cooled down and depressurized unless one thermocouple of each pair is

functional. Other instrumentation (such as the flow meter and humidity

detector) is used to provide supplementary information, and loop opera-

tion may continue should items in this category become inoperable.

The principal safety system consists of redundant thermocouples

measuring the temperature of the lead heater bath; an overtemperature

signal is programmed to cat.e the interruption of power to the heater,

since this is indicative of a serious accident in progress (see Sec-

tion 6.b). All severe accidents ultimately lead down this path, and very

little damage is done if heater power is cut off.

Most of the other instrumentation on the loop itself is diagnostic

in function (e.g., to measure flow or pressure), or for the purpose of

logging data pertinent to the interpretation of experimental results

(e.g., H2 and 02 concentration, pH and conductivity). Readings (and for

certain signals, alarms) from this instrumentation can help loop opera-

tors identify the specific nature of an incident which disables the loop,

but heater bath overtemeprature alone is sufficient to satisfy all safety

protection needs.
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A parallel set of safety-related diagnostic instrumentation is pro-

vided on the thimble gas space over and under pressure alarms to indi-

cate loop or thimble leakage, respectively, and a humidity gauge which

will respond to water ingress in either scenario. The humidity detector

(solid state moisture detector) will be mounted out-of-core on a thimble

stream obtained through a capillary bypassing the thimble pressurevent

relief valves. This allows for periodic testing and replacement of the

detector without interrupting loop operations, which is important given

the relatively low reliability of such detectors. The long response time

of this system and the reliability question preclude automatic loop shut-

down from this signal. Considerable time is available for deliberate

action by the operator subsequent to most malfunctions; those rare

sequences that are more serious will be interdicted by the heater bathi

overtemperature protection system.

All alarms for the PCCL which require reactor operator response will

be brought to a common panel in the control room. Breakers for emergency,

shut-down of the loop heaters and pumps will also be provided in the con-

trol room. (See Section 3 for typical response sequences.) It should be
1

emphasized again, however, that operator response is not required fori

reactor safety, and in most cases is aimed only at minimizing conse-

quences to the loop equipment.

f) Quality Assurance Requirements
<

Ihe PCCL will be designed, constructed and installed in conform-

ance with the MITH quality assurance (QA) program. A copy of the rele-

vant parts of this program is appended to this report. Under this

program, a QA file will be maintained in the Reactor Operations of fice,

1

inc or po rat ing : material certifications, design and construction
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drawings, safety experiment and proof testing documentation and procedure

approvals.

It should be noted that a hieraechy of PCCL systems with varying

impace on reactor operation and safety can be established. Materials

which contac t the primary coolant or which are exposed to significant

neutron flux are the most critical and must be the most stringently

controlled. Materials within the MITR-II core tank but not in the above

two categories will have somewhat less stringent certification require-
,

ments. Safety-related eqalpeent such as pressure relief valves and the

overtemperature protection system (including thermocouples, relays and

the fusible link) will be subject to testing and calibration require-

ments.

Authorisation of personnel to carry out critical loop operations,

and to carry out or approve quality soeurance procedures, will consist of

a letter signed by one of the project co principal investigators and by

the Director of Reactor Operations. !

I
:

<

|

,

*
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3. OPERATIONAL AND EXPERIMENTAL PROCEDURES

In this section the general procedures for system operation and the

conduct of experiments are outlined. Since the PCCL has been designed to

achieve' and maintain an invariant steady state status for up to several

months non-stop, these procedures are fairly simple. Except for a few =

hours during startup and shutdown, the loop is under automatic control,

and those responsible for its operation need only make occasional (less

than daily) small adjustments in power level, pump speed (i.e., flow

rate), and feed-and-bleed rate. Even less frsquent changes will be made,

in thimble helium pressure and makeup tank hydrog.n overpressure. Most

; data of significance is measured by built-in instrumentation and logged

by computer, and makeup / discharge tank samples need only be draen for

supplementary analyses on a weekly basis. The most significant data from

the point of view of the experimentalist will be recorded by the on-line j

deposition monitor, and measured by post-mortes dissection and gamma,

i

scanning of the aoop's tubing.
;

In what follows, the procedurec are outlined in narrative formi

! detailed step-by-step checklists will be prepared for use by the loop

operatore and the MITR-II operating staff.

a) Loop Operations
1

Each run will begin with reassembly of the loop, usually using-

new in-core Zirealoy and out of core Inconel tubing. The loop will then

j be installed in an out-of pile tank for its preconditioning run. The

objective of this phase is to establish a significant corrosion product
i

film on all internal surfaces. Operation will be virtually identical to
,

j subsequent in pile operation (i.e., at full pressure and temperature,
|
j hooked up to the same control and auxiliary systems as will be used to
!

l

!
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support its in pile operation), except that the thimble helium space will *

1

be evacuated to permit running at very low power, simulating "twochermal" 1

operation. Full power operational tests will also be undertaken before

transfer of the loop to its in-core position.

Since the PCCL will then be moved into the MITR-II core tank with as

little perturbation as possible, the preconditioning run--about one month

long--is an excellent "shakedown cruise," which should help insure that

all systems are operating flawlessly before each in pile run in initi- [
[

ated. Transfer from out-of pile will be effected with the loop discon- |

nected (and sealed off) from the feed and bleed train, in a cooled-down !
i
'and depressurized state. The insertion procedure will include the use of

mechanical stops to prevent the application of "missile forces" to core f

structures if the thimble is dropped. The chimble helium pressure of 30

psia will be maintained during transfer operations, since out-of pile
,

!

operations at power serve to verify that air was not left in the thimble

prior to helium back-fill (see Section 6.b.3). Thimble outside diameter

measurements will be made at this point ot ensure that shot-bed ratchet-
+

ang is not occurring. After it is emplaced and secured in the core tank t

|

(see Section 2.c), all fluid, power and instrumentation lines will be i
i

reconnected, and the MITR-II button-up/startup can then proceed as I

normal.
;

In parallel with MITR-Il startup the PCCL is then pressurized cold

using its feed-and-bleed system. Next the PCCL's in pile heater is

turned on and power is ramped up, at rates set in the operating proce-

I

dures, to its normal full power rating (10-20 kW) as specified for the !

I

particular experimental run which is scheduled. During heatup, thimble !

i

helium is vented to keep its pressure at about 3025 psia. ['
l
|

1

I

!
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]* At this point loop heater power / loop temperature control is put on

automatic. As the MITR-II itself comes up to power, gassaa heating will I

1

gradually assume about 10% of the PCCL heat load, and electric power will

j automa'tically be reduced to keep the loop at steady state with respect to

coolant temperature. From this point on the objective is to hold the
1

established conditions until the PCCL is shut down for removal (in 1-2
i

| months). Over weekends, when the MITR-II is shut down, the PCCL control

system will compensate for the reduction in gasuna heating.
s *

| Of more interest as regards a safety analysis is the operator
!

response in the event of an accident which disrupts normal loop opera-
I tion. Sections 4 and 6.b discuss such sequences in more detail. Here we,

{ confine the discussion to operator action. Table 3.1 nanarises the

) responses appropriate to a variety of incidents. Note that in each case

j the loop control system is progranuned to execute a suf ficient action

(usually cut-of f of heater power) to put the loop in a safe state, and
! hence operator action is of the nature of confirmation and backap.

; Hester bath temperature will indicate and alarm in the control room. In
i
; the event of heater control (automatic power cutof f) failure, operator
1

| control is important, but a passive ("fusible link") heater shut-off is
!

) provided to avoid serious overtemperature incidents without any interven-
i

) tion.
.

! b) Post-Operation Handling
!
I Following completion of a PCCL irradiation the loop will be

i removed frca the reactor and transferred to a shielded test stand where

it can be disassembled for analysis. This section outlines the

procedures to be followed for removal, disassembly and analysis, with

!
!
l
i



TABLE 3.1: INCIDENT RESPOWSES

Event Symptom / Alarm Autoestic Control Operator Resycese

Loop rupture / - Nigh humidity Cut-off power to Open circuit breakers e

loss of coolant - Low loop pressure heater for heaters i

Relief valve open - High heater bath 7 Turn off charging and
circulating pump

I Severe thimble leak - Low He F Cut off power Open circuit breaker for
j - High humidity to heater heater; esecute cooldown
;

Failure of askeup/ - Low loop pressure Cut off power to Open circuit breakers for
pressurization pump heater heaters and puey

,

i
1 Hester control failure - High Pb bath T (Neater control Open circuit breaker for '

(overheat) - High loop T fullure petulated) heater
-

but T alarms work * !

e ,.

IFailiare of circulating - Low loop flow Cut off power to Open circ.:? breakers for o'
pump - High Pb both T heater * beaters and pump

Computer Failure - Loss of all signals Fail-safe feature: Exec.ute cooldown ;
and control heater power cutoff '

capability

Loso of all Cambridge - MITE control room Heater goes off; sys- Open circuit breakers for
electric power procedures relied tem is designed to entire system; consider

,upon prevent heater re- restart in conjunction with <

start when power is experimenter.
restored

|
j NOTES: Cutting off power to the pump, where indicated, is to protect the peep agatast damsge and is

{ not a required safety procedure per se. !

| !
; Emergency electric power is not required in the event of a local or globst power failure.

'

Relief valves are all synag-loaded, and energy remova?. in extremis is by radiation.'

!

4 *In the event of failure of both autoestic and esemal shut-off of the electric heaters, the fusible
link in the heater power supply line will melt and cut off heater power.

,

l
4

1

! . ..

1
_ _ _ _ _ _ _ _ _ . _ _ -.__ _ . .- ._._ _ ... _ __.._. _ _ _. . . _ _ _ _ . -. _
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emphasis on the measures used to prevent possible damasc to the reactor

and to minimise irradiation dose to personnel.

1) 1,oop removal
o r,

*

14op removal will take place on or af ter Monday, allowing

about sixty hours of decay time from Friday evening shutdown. (See

Section 5 for an estimate of the radioactive inventory at this time.)

ne heater power will be ramped down aid loop depressurization will

follow when the temperature has dropped sufficiently. With the loop cold

and depressurized and the core tank lid removed, the power and

instrumentation leads will be disconnected, freed from the core tank wall

feedthrough and secured to the thimble head, ne feed and bleed and

helius pressurization lines will be disconnected at the thimble

feedthrough and capped.
<

A lif ting harness will then be fastened to the eyebolts on the

thimble head, and the harness placed on top of the thimble lid so that it

may be reached later, ne lif ting harness has three lines, with two of I

them adjustable, so that the loop hangs vertically. ne nuts which I.old ;

the thimble down to its support bridge are now removed. At this point a !

special core tank lid is to be lifted into place by the overhead reactor
;

his lid is larger than the maxistas opening to the core tank, andcrane.

fits over the studs protruding from the top of the core tank. 'A single
.

,

port in the lid is positioned directly over the thimble to be removed so '

that in lif ting the loop from the reactor nothing may be dropped into the
i

!
core tank. Two three foot long alignment rods are then screwed into the

|
pins on the support bridge so that in lifting the loop from the core (and

!

more importantly when putting it in) the loop does not rotate or tip,

which might cause it to wedge into the dummy fuel element. We rods (and
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[,

} all other hardware over the core tank) will be secured to prevent their * t

falling into the reactor. The loop lifting wires will then be threaded
,

through a Jhielded cask (similar to the cask used by Operations for con- :4

trol blade removal) which is then positioned on the lid to allow the !

! thimble to be drawn through.
j

j Loop removal will be performed using the 3-ton hoist. Once the pump

j pod at the top of the thimble nas cleared the top of the cask, additional
4

! shielding with a 4 in diameter central hole (to fit closely around the 4 |
|

)I in. thimble section) will be attached to the top of the cask. This

j structure also serves as a stop by supporting the pump "pod" at the top

of the thimble if the thimble is dropped. When the lower thimble section i
'j

] is in place in the cask, a support frame for the upper thimble will be
,

bolted to the cask.

j Having secured the loop in this frame the operator will. detach the

5 loop from the lifting hoist and connect cask lifting cables to the large ,

}
! reactor crane. The cask containing the loop will then be moved over and
j

| down to the reactor floor (just to the right of the hot cells, against
i

the containment building wall). ,

;

The thimble lid may now be resoved and all the electrical and fluid ,

! lines to the loop disconnected. The pump will be drained through a tee
-

: ,

i fitting and the water will be collected for analysis. Once the pump is i

f

) empty it should be completely disconnected and removed from the thimble f
:

head. The open end of the tee should be capped and a line connected to |
'

.

i
i

the open end of the loop. The water in the loop may then be pomped out [

through the tee using helium pressure. Both lines may then be removed i
4 i

and the loop ends capped. |
D

-4

r

t

1

!

1
;

. --,- _ . -,_,.-.c,. . . . _ , - , _ _ _ - , _ _ _ _ . _ - - _ . _ - . _ . _ . .-. - --
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A small hand hoist fixed to the wall above the loop is then attached

to the loop itself. At this point all operations in the line of the

radiation beam have been completed and so the copper shot which has been

serving as shielding may be drained through the shot drainage port at the

bottom of the heat transfer section of the thimble. Care will be taken.

to contain the shot. The loop is now ready to be removed from the'

thimble. Since the in-core section of the loop will not be immediately

surrounded by shielding during this procedu;e all non-essential personnel
!
3 should be away from the area and the operator will be shielded by a con-

crete wall. The operation may be observed through a video camera and

monitor. The loop is to be removed from the thimble to a position over a,

disassembly rack next to the loop stand. The hoist will move by pivoting

its bracket between two well-defined stops. Cables will run from the ;

bracket through the stops and down to the operator position where they
;

.
will be secured. When the loop is over the disassembly rack, it is |

4

J lowered into a plastic sock (for contamination control) with the in-core
1

| section going into a transportation cask. Once within the cask the
1

in-core section may be disconnected from the rest of the loop at its (
DIAGE LOK 8 fitting and heater connection; this will be done using tools

1

j designed to avoid personnel exposure in the radiation beam from the !
- ,

in-core sec tions. The cask containing the activated in-core sec tion is,

then rolled out from under the rest of the loop and a lid may be placed

i over the top.
1

1 2) Loop diseasembiv
-.,

j Disassembly and sectioning of the in-core section of the loop
{
J is to be carried out in the reactor floor hot cell. The transport cask

containing the activated section vill be lifced to the top of the hot
!

i
;

l<

| |

- -- - _ _-. . - - . - - - - . - --
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1
4

i cell and positioned over an access port. A small power supply will be
i

connected to the heater and a lowering bracket attached to the top of the
~

Zircaloy tubes. By opening a sliding door in the bottom of the cask the

, in-tore loop section is then lowered down into a holder in the hot cell.

1 !
i The lead in the titanium can is then melted by the heater and the

;

f
i Zircaloy lifted out. Sectioning and characterization is then carried out

fusing the hot cell remote manipulators and tools prepared for this ;
,

I purpose.

j Activities in the loop water and the out-of-core loop sections are '
,

. 4

expected to be easily manageable, because the activities involved are f
1 '

, ,

i small. Contamination control is critical to the quality of experimental !
t

data acquired, and such control can be achieved through careful i

application of standard decontamination procedures. Analysis of the [

l

tubing will be performed within the exclusion area, avoiding the removal

of this activity. !

!

4

:

I

I

1 :

I !
;

! !
!

<

;

I
|
:

,

s

d

|
!
,

,
.

!
'

i !
!

!
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4. MAXIMUM EFFECTS OF REACTIVITY, PRESSURE AND TEMPERATURE

In this section a conservative set of aaximum ef fects will be esti-

mated. In many cases a highly improbable sequence of events would be

requir'ed to create a situation leading to the ef fect in question, but our

interest here is more in establishing an envelope of limits rather than

examining a variety of more plausible scenarios.

a) Reactivity Ef fects

As with all other in-core experiments, it is essential that the

PCCL meet the Techt.ical Specifications (Section 6.1, see Appendix 2) with

respect to its potential ef fect on MITR core reactivity during postulated

accident scenarios. In the case of the PCCL two phenomena are of

particular concern: the presence of B-10 (in the form of dissolved boric

acid) in the simulated PWR coolant contcined within the PCCI. circuit; and

the reactivity worth of loop and thimble water contents during

void /reflood incidents.

1) Reactivity effect of B-10

Two hypothetical scenarios of increasing severity are postu-

lated, involving:

a) sudden voiding of the in pile water and its contained maxi-

mum (2000 ppm) boron content

b) a non-mechanistic incident in which all in-pile boron is

first concentrated in pile ano then ejected

To minimize tritium production and reactivity effects, boron'

enriched in 5-11 will be used in experiments; the B-10 content is 2 w/o

instead of the natural value of 20 w/o. Strict administrative controls

vill be imposed to prevent inadvertent. substitution of natural boric
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acid. In addition, the critius concentration of the PCCL coolant inven-

tory will be assayed weekly; arsong other things, it will serve as a posi-

10 (n,8Be)3 T reaction.tive indication of B-10 concentration via the B

We'then have for our three scenarios:

Case H O Involved Total B B-102

(a) 40 3 8.0x10-2 1.6x10-3g g

(b) 500 g 1.0 g 2.0x10 2 ,

Appendix 1.b develops an estimate for the reactivity worth of B-10

in the MITR-II core

M = 0.998%
I B-10

Thus, we have

.

Case Scenario Max. % tk/k

(a) Eject all in-core B-10 1.6 x 10-3

(b) Eject all PCC1. B-10 2.0 x 10-2

|
|

As can be seen, cases (a) and (b) fall well within the allowable '

limit for a novable in pile experiment, namely Ak/k 1 0.2%. Since we
|will assay PCCL discharge tank water weekly for boron content and since
J
1the feed / bleed rate is only 5 kg H 0/wk, it is not conceivable that hide- |2

out in pile of all of the charging tank inventory would go undetected.

- - -
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Also, note that the ef f et of voiding boron and water are opposite in

signi since boric acid is highly soluble, realistic scenarios which would

decouple these compensatory effects are hard to imagine.

2) Water flooding / voiding incidents
1

There are three scenarios of interest heret |
(c) sudden flooding (preceded by undetected voiding) of all

in-core PCCL inventory (40 ce = 40 g under cold condi-

tions)

(d) loop rupture and drainage into the in pile thimble

(1 75 cc = 75 g, again cold) or thimble rupture

(e) undetected voiding of the volume between the thimble and

the dummy element, followed by sudden reflooding

(1 100 ce = 100 g)

IFor smaA1 water voids, we have:

E < 2 milli 8/g
8<H;0 E ~

HO'-
2

Thus, we find for T = .00786, % /g i 1.57x10 3

Case Scenario 1ak/k

(c) PCCL tube flooding 0.062*

(d) Loop drainage into thimble 0.12*

(e) Dummy / thimble channel reflood 0.16
I

I

I
Personal communication, J. Bernard, October 6, 1986, and his memorandum
to 0. Harling dated October 7, 1986. See also MITR-II Start up Report

for Core IV.

* Note that all values exclude the opposing effect of any B-10 dissolved
in the water involved.

_ _ _ _ - _ _ - _ _ _ _ _ - _ _ - _ _ _ _
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All these cases are within the allowable reactivity restriction for a

movable MITR-II experiment, namely Ak/k ,< 0.2%. Note that measurements
,

show that flooding a 1.75 inch ID ICSA would add 0.982% Ak/k, for an

ef fective larse void coef ficiant of =1.51 milli $/3. I This figure is

less than the small void coefficient of 2.0 milli 8/3 used above.

The following additional qualifiers to the preceding analyses should

be notedt

1) The potential evenes (sudden, undetected flooding) can only occur

in thdir most severe version when the PCCL is in a cold startup/

shutdown mode; otherwise, the in pile heaters (and energy stored |

In their molten lead bath at > 600'F) would immediately boil any

water in the (low pressure) thimble's in pile gas space. There-

fore, it will be normal practice (but not an absolute require-

j ment) that the PCCL power level exceed 10 kW whenever the MITR is

| critical. This is not a severe imposition, since the anticipated
|

| experimental protocol involves non-stop steady state runs of a

month or more in duration with loop insertion / removal over week-

ends.

2) The helium atmosphere in the PCCL thimble will be maintained at

2 ata (30 psia), so that out-leakage of helitan would take prece-

dence over in-leakage of MITR cooling water (maxistan pressure at

the bottom of the core--atmospheric plus hydrostatic of

= 22 psia) if there is thimble failure.

I Memo from L. Clark to MITRSC dated July 5,1978.

___________-__ _
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3) The thimble will be tested for leakage (visual indication of ges

bubbles) at 50 psia internal pressure at the end of its out-of-

pile preconditioning run, prior to being transferred into the

'MITR core tank. Post-manufacture and periodic testing with a

helium leak detector will also be performed.

4) A humidity detector is installed in the thimble's vent line to

provide indication of the presence of small amounts of water

ingress. An alara will be soundea in the M1TR control room to

warn of a potential probles.

5) Most importantly, the titanium can housing the in pile heater

bath fits snugly into the aluminue thimble at its top (except for

small grootas to admit helium to this region). Thus, rapid

drainage of either PCCL or MITR water into this region iron above

is unlikely. Hence, only sudden massive failure of the conserva-

tively designed lower thimble is a plausible maximum accident

initiator.

Based upon the very conservative analyses documented above, there

does not appear to be any way in which installation and operation of the

| PCCL e.an exceed MITR-11 Technical Specifications with respect to reac-

tivity effects. A confirmatory measurement of the reactivity difference

with and without water in the FCCL's Zirealoy in pile tube will be made
1

as part of its initial checkout.

b) Pressure Effects

in its normal operating state, the PCCL consists of roughly

1/2 liter of hot (=600*F) water under 2,200 psia pressure inside a loopa

comprised mainly of 0.25 inch 1D tubing, all surrounded by an aluminum
3thimble with approximately 1 ft free volume containing helium gas at

* 30 psia.

_ _ ____ ___-_____ __
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The high pressure part of the system is, because of its configura- -

tion (small diameter), small volume, and en:apsulation, less hasardous

than common corrosion test autoclaves; and a small amount of holium at

two atsospheres is also not a safety problem. Thus, normal operation

does not create any situations of concern, and one must turn to low-

probability accident scenarios to postulate consequences of potential

| interest the most severe being an instantaneous toop rupture or IDCA
1

(loss-o f-coolant accident).

A particularly simple, but quite realistic, calculation of an
|

| upper limit on the pressure attainable in the thimble following instan-

taneous release of the entire loop water inventory can be made when one

recognises that the thermal balance is doeinated by the large mass of
|

copper shot (=200 lbs), which completely overwhelms the small amount of

water involved (=1 lb) and the even smaller mass of helium present
3(= 3 ft at STP) and even the = 3 lbs of molten lead at = 700'T in the

1

in pile heater bath.

The average temperature of the shot bed remains virtually unaltered

throughout at = 350*F. Enough stored energy is available to vaporise all

water not immediately flashed to steam upon loop depressurization. Thus,

we need only compute the pressure of the helium-steen mixture at 350*F.

At 350'F saturated steam has a vapor pressure of 135 psia and a

3 3specific volume of 3.342 f t /lb; hence, compression of 1 lb into 1 f t

(loop-free volume) would require a pressure of approximately 135 x

3/342 = 451 psi; to this, add the initial (and final) helitan pressure of

30 psi = (at 350'F) to obtain a post-blowdown pressure of 481 paia 'n the

thimble.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



___ _ _ _ _ _ .

.

.

31.

.

This value is conservative because it ignores condensation of steam

on the cold (=100'F) aluminum walls of the thimble. Even so, it is a

quite tolerable pressure. Moreover, in the interests of design conserva-

tism, the loop is protected by a relief valve which will vent the thimble

at i 100 psi, and a back-up rupture disk which will burst at = 500 psi.

Note that the thimble and all of its contents are designed to with-

stand a full vacuum, hence cold conditions in which steam condenses after

expelling the helium fill gas will not lead to additional problems. In

f act, when operated in its "isothermal" pre-conditioning mode out-of-

pile, the loop gas space is evacuated to increase the thermal resistance

of the shot bed, and permit high temperature operation at "zero" (actu-

ally very low) power.

c) Temperature Effects

The design philosophy underlying our approach to PCCL safety dur-

ing extreme accident sce..arios has been to provide for sufficient passive

| (i.e., radiation) cooling to prevent material temperatures f rom ever

exceeding recognizably safe values: for example, conforming to the same

12,100'F post-LOCA limit on Zirealoy temperature as is imposed on actual

PWR units by the NRC. Appendix 1.a gives an estimate of the gamma and

fast neutron heating of the in-core section, with experimental data and

calculations to show that the total radiation heating can be dissipated

at maximum temperatures < 1500'F.

The combination of active and passive (aluminum fusible link exposed

to the lead bath) shut-off mechanisms for the electric heaters is

expected to prevent heater power being applied at lead bath temperatures

above = 1500'F. The nuclear heating analysis is therefore sufficient to

show thar circa.3y-water reactions will not occur.

. . _____ _ _
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5. RADIATION LEVELS AND ALARA CONSIDERATIONS *

The FCCL components which will be exposed to significant neutron

flux in-core aren Zircaloy tubing (Zircaloy-2 or Zircaloy-4), pure lead

for the . conductive bath, electric heaters consisting of Nichrome heating

elements with magnesius oxide insulation and carbon steel sheaths, a |

titanium-aluminua-vanadium alloy can containing the lead bath and the

lower section of the aluminus thimble. Stainless steel sheated therno-

couples (chroma 1/alvael) in the lead bath and heaters will airo be

exposed to neutron flux. Table 5.1 gives an inventory of the elements

present in-core in the proposed PCCL.

I Apart from the Zircaloy tubing, which is necessary for the simula-
,

tion of the PWR flow loop, all in-core component materials were chosen to |
|

sinimize activation within the constraints imposed by the functional |

requirements of a given component. In several cares, the activation of

the components is due largely to impurity elements, leading to some I

uncertainty in prediction of the activity levels. Activation experiments

have been performed in an equivalent core position to that proposed for

the PCCL to assist in estimating post-irradiation activity levels.

Table 5.2 gives estimated dose rates after a one-month irradiation and

60 hours' decay.

The activities present lead to a total unshielded gamma dose' rate of

less than 10 R/h after a typical one-month irradiation and decay from

reactor shutdown at 1800 hours on Friday to Monday morning loop removal.

This dose level is within the range of experience of MITR operators and

radiation protection. and the loop handling, shielding and procedures

discussed in Section 3.b will keep personnel doses small for transfer and

disassembly operations. A small amount of the a-emitter polonium-210

_ _ - _ _ _ _ _ _ _ _ _ _ . __.
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TABLE 5.1: IN-CORE MATERIALS INV1;NTORY FOR THE PCCL

Comp nent Material Composition (wt.1) Wt. (a)_

U-tube Zircaloy-4 1. 4 5S n , 0. 21F e , 0.10C r , 110
bal. Er and impurities

.

Heater 1018 Stoel 0.20C, 0.90Mn, bal. Fe and 85
impurities

Inconel 600 76Ni, 0.25Cu, 8Fe, 15.5Cr, 35
0.2551, (i.5 Mn

Magnesium oxide 60.3Mg, $9.70 (high purity) 180

Conduction bath Lead 99.9 Pb (<5 ppa It) 6000

Containment tube Titantua 99.5 T1, bal. impurities 240

Thimble 6061 Aluminus 0.851, 0.7Fe, 0.4Cu, 0.15Mn, 670
1.2Ng, 0.35Cr, 0.252n, 0.15Ti

TABLE 5.2: ESTIMATED UNSHIELDED CAMMA DOSE RATES FOR PCCL IN-CORE
COMPONENTS ATTER 20 FULL POWER DAYS AND 60 HOURS' DECAY

Component Principal Activities Y Dose Rate
(R/h at 1M)

U-tube 95Zr, 51Cr 1.5

Heater Seco, 00Co, 59 ,, $17 Cr 0.3

Conduction bath 203Fb, 203Hg 4.0

Containment tube " 'S c 0.2

Thimble 2hy,, 50Co 60co, 59 ,, Sl , g,o7 e

7.0

NOTE: The dose rates expected are strongly dependent on impurity content
in several components. It will therefore be necessary to recheck
the activation data with the actual laop asterials when these be-
come available.

_ _ - - - - f
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will also be generated in the lead bath, principally from bismuth impur-

ity. Polonium production in reagent grade lead has been estimated from

experiments at a 1 WCi/kg lead for a one-month irradiation. The plug

which isolates the lead bath from the upper thimble is expected to be an

effective barrier (by condensation and adsorption) to polonium, and all

lead bath disassembly operations will be performed in a hot cell.

| Personnel exposure to polonium-210 is therefore not expected, but care
|

| must be taken ic handling the Zircaloy tubing section, which may take up

|

|
some polonius. Component handling procedures used will call for roatine

wipe tests and alpha counting.

It should be noted that the out-of-core sections and the loop water |

are expected to have only 9C1 levels of setsvity. Doses from water chem-

istry analysis and post-irradiation inspection and gamma sounting of the

Inconel sections will be insignificant once these sections are disassem-

bled from the in-core section in the shielded test stand. Tritium pro-

duction in the loop will be minimized by the use of lithium hydroxide and

boric acid enriched to 99.9% Li and 98% BII, respectively. Since the7

flow rate through the bleed capillary is slow (=30 cc/h), virtually no

N ' activity will be transported outside the reactor core tank duringI

loop operation, and no effect on core top radiation levels is expected.

Personnel exposure duttnc loop operations will be limited. Routine oper-

ation will require experimenters to be present on the reactor top and

loop platform for approximately one hour daily, resulting doses far below.

the allowable limits for each worker.

Procedures for all loop operations will be developed and implemented

with shielding, ventilation and appropriate controls to insure that radi-

ation exposure to all personnel is as low as reasonably achievable.

- - - _ _ _ _ - _ _ _ _ _ _
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6. PCCL SAFETY EVALUATION

a) Safety and Operational Envelopes

To facilitate the review of the safety considerations for the

PCCL, 'it is helpful to make specific reference to the MITR-II Technical

j Specifications that where written to provide an envelope within which the

MITR Sa feguards Committee and MITR staf f can approve experiments. Pages

6-1 to 6-7 from Section 6 and section 5.3 of the Technical Specifications

are provided as Appendix 2. The PCCL design and operation as described

in this Safety Evaluation Report is to be in conformance with these

s peci fic a tions .

In considering the ef fect of normal PCCL operations on MITR opera-
f

tion, the following points should be noted

--The gamma energy deposited by the MITR in the PCCL would

otherwise be deposited elsewhere in the MITR structure; hence

there is no increase in total heat load from this

phenomenon--merely a redistribution (which is usually

beneficial).

--In incidents severe enough to warrant scramming of the MITR,

gamma heating of the PCCL is reduced proportionally. Henc e

the PCCL does not aggravate the consequences for its host

reactor.

--Accordingly, only the energy added by the electric heater

(PCCL pumping energy is negligible) need be considered in

assessing the impact of the PCCL during steady state, tran-

sient or accident scenarios.

Furthermore, investigation has confirmed that insertion an! opera-

tion of the PCCL will not interfere with proper operation of the MITR-II

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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|

|
cooling system under normal conditions. In particular

- The transition between the 2 in. diameter lower thimble and
1

I the 4 in. upper thimble is gradual, and =12 in. above the
1

| core, so as not to perturb in-core flow patterns.-

Pre-operational tests will attempt to verify that core flows

are not significantly altered.

-- Total PCCL power input, 10-20 kW is comparable to the reactor

decay heat by Saturday morning following Priday evening shut-

down (a25 kW). Provision for additional decay heat removal

! will therefore be necessary.
l

-- Mechanical interference with control rod drives is ruled out

because the PCCL is firmly captured, both in the core grid

f plate and at the PCCL support bridge across the reactor top, |
|

in a position with clearance all around.

-- Interference with the emergency core cooling sprays (ECCS)

will be prevented by relocating one spray nostle to ensure

that no areas of the core are shadowed by the PCCL loop or |

loops. Operations staff is investigating the necessary physi-

cat and procedural changes.

b) Halfunction Sequences and Consequences

As noted in the preceding sections of this report, design

features have been incorporated in the PCCL to either preclude, limit, or

mitigate the consequences of severe malfunctions or misoperation. Never-

theless, there are plausible sequences which cannot be ruled out and

which therefore merit detailed discussion and analysis here.

- _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _
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In this category are the followingt

(1) loop leak

(2) loss of PCCL pump

(3) leak in hydrogen cover gas system'

(4) thimble leak

(5) lead bath can leak

Each of these scenarios is examined in some detail in the subsec-

tions below.

1) Loop leak

The most likely site of leakage in the PCCL is at one of the

several SWACE14Ke fittings, and leakage is likely to be at a slow rate.

Some of the hot (600'F), high pressure (2200 psia) water will flash to

steam issuediately and the remainder will be vaporized if the water con-

tacts hot metal in the thimble shot bed or the in-core heeter lead bath.j

No undue safety consequences will result for several reasons

(1) If called upon, the thimble's pressure relief valvo will

relieve pressure at < 100 psia and the back-up rupture

disk will burst at = 500 psia. (Failure to relieve could

result in ultimate thimble pressure f $00 psia, see Sec-

tion 4). The thimble will withstand 500 psia with ade-

quate safety margin.

(2) Steam will t.ondense (thereby reducing temperature and
' pressure) on the cold thimble us11.

(3) 14akage will normally be detected by the humidity detec-

tor, located on a gas bleed line from the thimble's gas

space.

(4) The reactivity consequences of either losing or adding the

maximum amo nt of water ard boron in the in-core thimble

are acceptable (see Section 4).,

_ _ _ _ - _ _ _ _ _ . ___
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Although loop leakage is not serious from a reactor safety view-

point, continued operation of the experiment is inadvisable. Hence, fol-

loving positive confirmation of significant leakags, an orderly shutdown

of the PCCL will be carried out. Electric power to the in core heater

will be cut of f and the temperature allowed to fall to its equilibrium

value--which is expected to be about 250'T when only gamma heating has to

be removed. -

At this point, the loop can be depressurized and allowed to boil

dry. Af ter this, gama heating is dissipated by radiation to the thimble

wall. This mode is maintained until the next regularly scheduled weekly
.

MITR shutdown, at which time the PCCL is removed. Boiling dry is prefer-

|

able to continued, wet operatien, to avoid either flooding the thimble |

solid or damaging the loop's canned rotor pump by cavitation.

Small, steady leaks cannot cause any damage of consequence in the |

I

upper thimble because the loop is surrounded by a shot bed which will

absorb the energy in water or stean jets; similarly, a cast ceramic

insulator surrounds the inlet and outlet plena. Imakage into the lead

heater bath is more serious since it will result in instantaneous flash-

ing into steam. While the energy is absorbed by the lead, it will churn

and spatter the bath. To allow for this, the upper foot-long suction of

the titaniu:n can housing the lead bath is empty, and a baf fle/ plug is

used to cap this container. Note that water injection into molten lead

is a well studied and benign process which forms the basis of liquid-

me tal-y ype MHD generators now under development for solar aM nuclear

applic at io ns . I

I L. Blumenau et al. , "Li quid Me t a l MHD Po we r Conv e r s io n Sy s t em s wi th
Conventional aM Nuclear Heat Sources ," 24th Sympositn on Engineering
As pec t s of Rigne tohydrodynamic s (SEAM), June 24-27, 1986.

- _ _ _ _ _ _ _ _ _ ___



.

1.

-39-,

|
t

2) Loss of pumping power
1

:

Without circulation, the coolant in the PCCL will overheat, '

even after the coincident cut-off of the heater power by the loop control

system. The loop pressure will rise to 2,300 psia, at which point the

relief valve will lift and depressurite the system, following which it

will boil dry. Loop removal can again be postponed until the next MITR

shutdown.

3) Hydrogen leakage and combusion

It is standard practice on all PWR units to maintain a small

concentration of dissolved hydrogen (1 50 cc 0 STP/kg H O) in the primary2

coolant to suppress water dissociation. Since the PCCL will, in general,

be operated under representative PWR conditions, it will be necessary to

adhere to this practice. To accomplish this, a small-volume, low-

pressure, hydrogen flask is used to provide H2 cover gas for the makeup
,

water storage tank. This will maintain 50 cc/kg of H2 in the 1 30 kg of

makeup water (and in the < 1 kg of water in the 1)op circuit it serves);

hence, a total water-borne inventory of approximstely 1,500 cc (STP) will -

be present--a virtually nes;11gible amount.

The maximum R2 in service, however, will occur when the makeup tank

is in a near-empty status, in which case its volume (30,000 cc = ft 3)

will, at 3 ats, contain some 3 ft 3 (STP) of H . Accordingly, we will2

restrict the hydrogen inventory of the transfer flask to i 10 SCP by

design and administrative controls. These controls will include locking
,

the transfer flask in place, rentricting access to the parent bottle to

authorized loop operators, and maintaining hydrogen inventory records.

Thus, the maximum instantaneous H2 combustion incident, which would

occur outside the reactor biological shield, could conceivably involve a
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3maximum of 10 SC?I the heat of combustion of H2 is 343 Beu/fe . Henc e . -

the maxistas energy release is = 3,400 Btu (a kWh)--about the same as

would be generated in combustion of one cup of fuel oil a tolerable

amount as long as not suddenly released in a confined space.

Various safety features are provided either to help preclude or to

mitigate the consequences of even such small-scale events:

. We charging water sakeup tank has a hydrogen-oxygen recombiner

circuit attached since we need to reduce feedwater 02 to

i I ppb. Hence, except during initial fill operations, there

win not be enough oxygen to support significant, confined com-

bustion. During filling, the gas space will be << 1 f t 3, sad

partially evacuated before the first addition of hydrogen.

. Se discharge tank is vented through a flame-arrestor to the MITR

ventilation system. The rate of water (hence hydrogen) discharge

f 30 cc/h H 0, thus 150 cc H2 per day.is extremely lows 2

. A small f an powered by a spark-proof electric motor will be

mounted near the hydrogen transfer flask and the maket'.p/ discharge

tanks to prevent the local accussulation of a combustible gas mix-

ture.

. A helitse atmosphere is maintained in the thimble gas space.

In view of the above considerations and precautions, the combustion

of hydrogen in the systems associated with the feedwater and H2 supply

tanks, and all other connected components outside the reactor biological

shield, is not considered a credible hasard to either personnel or equip-

ment. The amount of hydrogen in the water circulating in the loop (i.e.

the noriaal hydrogen inventory within the biological shield) is equivalent

to approximately 20 mg of TNT, based on relative heats of combustion.,

i

_ _ _ - _ _ - _ _ - - -
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In reviewing. possible failure or accident scenarios, we considered

another scenario which postulates a water leak in the high pressure PCCL

located inside the thimble which is located in the core tank. If this

I leak goes undetected, water from the makeup tank and eventually hydrogen
|
| gas might be pumped into the thimble. If at the same time oxygen were

| available f rom s ome source, e.g., if the thimble had not been purged of

air and filled with helium, as would normally be done, a combustible gas

mixture could result.

The above scenario postulates simultaneous occurrence of a loop

leak, failure of several sensors and experimenter inattentiveness, as

well as the availability of oxygen in a space normally purged with heli-

um. This scenario is very unlikely, n3 wever, einec the energy released

during an optimal rapid burn of a significant fraction of the hydrogen

inventory of the supply tank could be signi fic ant , it will be necessary

to show that it does not compromise thirble integrity, or that by suit-

able design and instrumentation of the PCL s ys t em t his scenario can be

made inc red ible .

Our approach to designing the PCCL s ys t em so t ha t a significant

fraction of the inventory from the hydrogen flask cannot enter the

thimble is as follows:

a. PCCL experimental thimbles will not be inserted into the cors

tank until a preconditioning run has taken place outside the core

tank. This will insure that air has been properly purged from

the thimble because shot bed conductivity ant loop temperatures

will be sensittv6 to relatively small amount s of air in the

helius cover gas.

_ _ _ _ _ _ _ _ _.
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i
b. A high quality instrumented level Indicator will be installed in !.

t

the sakeup or charging tank. His will assure that the water
,

level in the tank never approaches the bottom of the tank. It is

, only af tJr this tank has been emptied of water that significant

moounts of hydrogen could be pumped into the thimble by the !

charging pump. i

!

c. The enount of water in the charging tank, even at the end of an i

i

experiment, will be more than the in-core thimble volume. This !

i

assures that a loop 1cak can conceivably only result in filling !

the thimble with water and not with gaseous hydrogen.

d. A float operated check valve can be installed in the bottom of i
!

the charging tank to prevent pumping hydrogen when the tank is !
!

em pt y . his will be added if the other measures cited here are j

fnot deemed adequate.

Note that these measures are independent of the instrumentation and
!

procedures which would normally detect a loop leak, which must precede or j

accompany hydropten ingress to the thimble. The humidity detector and the
i

loop temperature wuld respond rapidly to loop leakage. (
Finally, a burst disk will be installed in the top of the in-core

thimble to guard against overpressurisation fran whatever source. ;

|
4) Thimble leak !

t

The only potentially troublesome leakage event would involve a |

sudden large rupture in the thimble below the water level in the MITR
i

pool. $(nee the helius gas in the thimble will be maintained at 30 psia,

small leaks will involve egress of helium rather than ingress of water. |
|

IA large rupture is highly unlikely--no credible mechanistic sequence
{

has been identified leading to this event. If it did occur, however, the !
l

! !

!
:.

' '
__ _
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consequent loss of helium wuld permit flooding by water. Initially the
-

s

hot metal in the shot bed and lead bath would cause some of the water to

flash to steam. Eventually cooldown wuld progress to the point where

flooding of the thistle would persist. As discussed in Section 4,

flooding of the fitt space between the heater bath and the thimble does

not add a consequential amount of reactivity. Simliarly, the volume

betwen the thimble and dtauny fuel element is insuf ficient to permit the

addition of unacceptable reactivity upon refloodirs af ter helitan or steam
'

is expelled itsto this gap.

Upon detection of significant enimble leakage PCCL heater powr

will be cut of f and the loop operated in a cooled-down mode, but at its

normal pressure, until its removal at the next regular MITR shutdown.

Another possible consequence of thimble leakage is related to the

exposure of the primary coolant water to the loop iiternals, with subse-

quent re-release of some of this water to the MITR coolant. Since inter-

| nal ard external pressures are equalized, no large driving force exists

for this process. The so!9i!!?y eroduct of Cu(OH)2 is approximately

10-20,5; thus in pure wter only about 20 og Cu/ liter wuld be expected

to solubill e. A completely flooded PCCL shot bed wuld contain less

than ten liters of water. Hence considerably less than ene milligram of

copper should be introduced into the MITR coolant if thimble in-leakage

were to' drain back out--during removal of the damaged loop, for exmaple.

(The extremely small solubility of copper in wter is attested to by its

extensive use as a durable anti-fouling sheathing for wooden ships in the

19th century.) Dif fusive release wuld be e.any orders of magnitude

smaller. Note that this small amount of copper is the only contaminant |
of concern in a back leakage incident. M long-lived radionuclide

_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _-.
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production would result, corrosion of core tank structures would not be

significantly accelerated, and the MITR ion exchange purification system

would be capable of removing the asall quantities of caterial involved.

*

Of greater concern would be escape of the copper shot itself. This

is guarded against by the monolithic scructure of the loop thimble, its

conservative design and low operating pressure. The port used to drain

the shot from the thimble is securely and redundantly bolted in place,

j and the outer seal plate is backed up by an internal plug which is
|

'

threaded into the drain hole, and capable by itself of retaining the shot

bed. The diameter of the shot has been selected to be too large to pass

down between MITR-II fuel plates, and the high settling velocity of the

shot (*2 ft/s) makes extensive entrainment unlikely. The shot could, ,

however, pass through the circulation valves and get under the core,

resulting in blocked fuel channels. Care will be taken in all shot han-

dling procedures to insure that none escapes to become an uncontrolled

source of in-containment debris.

5) Lead bath can leak ,

t

Titanium can failure will permit contact of moltan lead with

the cold alusinum thimble wall, which will cause virtually instantaneous

freezing of the lead. Laboratory tests are planned which are anticipated

to show that the freezing process seals the leak and that the resulting

thermal shock will not cause the aluminum to fail. However, the thermal
i

short circuit will create a hot spot on the thimble wall, and local boil-

ing cannot be ruled out at the present time. Again, experiments are

planned to explore the consequences of such an event. Note that if this

boiling occurred, it would not be on the surface of a fuel plate.

|

|
)

|

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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A large can failure would be indicated by a large decrease in loop
!

avecy,3 temperature (with the heater on), and would be cause for loop

shutdon. If operation continued, for a short time, and maximum loop

, pos'ar ('20 kW) were shunted through the thimble wall, a lower thimble

; average heat flux of approximately 68,000 5tu/h-ft2 would result. This
I

is a quite tolerable result considering that heat transfer coefficients
2in excess of 10" Btu /h-ft ..T are to be anticipated.

Small leaks will be difficult to detect. If the leak eventually has

significant effect on the heat losses in the lead bath, this would prob-
; ably be detected by thermocouples or heater power level and the

experiment would be shut down if necessary. Another indication might be

an increase in reactivity noise if local boiling were to occur.

It should be noted that the lead bath can will be subject to vacuum
i
'

leak testing and pre-operational hot testing. It is unlikely that leaks

will develop in a can which has passed this testing, since no significant

stresses are applied, and the liquid lead and helium environments are

! benign. A thersocouple may be installed to monitor the temperature of

the thimble bottom and provide an indication of small lead leaks.r

|
'

The overall conclusto;. of the preceding review is that there are noa

!

credible mechanisms by which the PCCL can adversely affect MITR safety or
t

otherwise create a situation hazardous to operators or experimenters.
4

The most serious outcome projected is the loss of valuable experiaantal

data, since large changes in the internal chemical environment of the

] PCCL would probably invalidate any subsequent analysis of corrosion prod-
.j uct characteristics.
I
'

Some concluding remarks are also in order on the inverse question as

to whether there are any normal trans.ent or accident situations of the
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MITR itself Wich could induce a hasardous response by the PCCL. In

brief, none have been identified. 'ne MITR interacts significantly with

the PCCL only by 1) provision of approximately 10% c' .L energy input

via gama heating, and 2) serving as a he6t sink for the PCCL, Since

electrical power t.' the NCL in-core heat can be cut of f in an emergency,

thereby greatly reducing the need for a heat sink, a loss of MITA capa-

bilities suf ficient to severely inconvenience the PCCL wuld ur. questions-

bly be a f ar greater threat to the MITR itself.

.

|

-- - - - _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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7. WASTE HAEDLING AND DISPOSAL

Two major types of radioactive waste will be produced by the PCCL

experiments: loop coolant water contaminated by activated corrosion pro-

ducts,'and activated in-core components. As with other aspects of the

loop operation, no new issues are raised in this regard.

Approximately 22 liters of water will accumulate in the discharge

tank during a one-month run. The activity level of this water is

expected to be very low, since most of the corrosion products in the

effluent (a few precent of those generated in the loop itself) should

deposit on the bleed capillary surfaces before reaching the tank. The

activity levels will be suf ficier.tly low to permit disposal of the dis-

charge water to the drain after counting. Although particulates are
,

expected to deposit on the capillary surfaces, tests will be run on ini-

tial discharges to determine if filtration is necessary. The approxi-

mately 0.5 liters of water present in the loop at the end of a run will

be collected, counted and disposed to the drain after verification that

it is within acceptable limits.

In core loop components will be stored for decay and eventually
210shipped as solid waste. The Po produced in the lead bath has a half-

life of 138 days and can therefore be decayed to insignificant levels

before disposal.

Note that the PCCL is designed for til simulation of an actual PWR,

hence coolant activity levels will be comparable. Table 7.1 gives repre-

sentative radionuclide concentrations expected after one month of irradi-

ation. Using values for a typical PWR given by Benedict et,al,..I
,

I M. Benedict, T.H. Pigford and H.W. Levi, Nuclear Chemical Engineering,
Second Edition, McGraw-Hill, New York (1981) p. 396.

.

, _ _ , , _ _ _ _ _ _ _
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7scaling by water voltane and taking into account the use of II P and Li, .

trititsa concentrations are expected to be a 5 901/1.
,

TABLE .7.1: REPRESENTATIVE ACTIVITY VALUES ESTIMATED FOR A ONE-M0! RIH PCCL
IRRADIATION (from typical PWR values)

"Steam Generator" toop Water

2Activity (uci/cm ) Activity (uci/ liter)

58 3.0 no dataCo

60
Co .2 0.02

5 9 , .t7

51 <<60Co <<60 ,Cr c

54Mn

|
|

.

- - _ _ _ . _ _ _ _ _ _ _ _ - - _ _ _ _
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8. FUTURE WORK

This section sunnarizes the requirements which remain to be ful-

filled before loop installation in the reactor. It also gives a complete

tabul'ation of the safety-related experiments and pre-operational tests

which will be carried out , see Table 8.1. Note that the results of these

experiments and tests will be reported by PCCL personnel, certified by !

senior PCCL personnel (Professors M. J. Driscoll and O. K. Harling) and

incorporated into the QA file.

The following items are required before experiment irradiation:

1) Standard operating procedures

2) Abnormal operating procedures

3) Calibration procedures and test schedule for safety-related

instrumentation '

4) An Irradiation Request Form (Part I)

5) A final signed safety review by the MITR staff

6) Pre-operational test procedures and results

7) Material certifications (see Section 2.f on QA procedures)

Development of the required procedures and checklists for operating the

loop will be done in conjunction with MITR staff.
I

i

e c

e

. . __ _ - ,.__._._-,_.._._m_ , . . . - , . - _ _ _ _ _ . _ _ _ . . _ __.,_,,, . . _ _ _ _ . , _ _ _ _ , , . . _ _ . _ ,
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TABLE 8.1 SAFETY-RELATED EXPERIMENTS AND PRE-OPERATIONAL TESTS TO BE
PERFORMED BEFORE PCCL IRRADIATION

a) Safety-related experiments

Shot bed conductivity measurements*

Radiative heat transfer measurement*

Shot bed average temperature determination*

Liquid lead compatibility experiment*

Thimble cooling / coolant AT measurement*

Lead bath can leak / break simulations*

b) Proof testing and pre-ooerational tests

Circulation pump low T/P performance testing*

Loop pressure proof test (3000 psi)*

Thimble vacuum / pressure proof test*

Pressere relief valve proof test*

Out-of-core conditioning, "shakedown" run*

Grid plate clearance test'

* Low reoctor power reactivity tests (empty dummy fuel element,
1

unfilled loop, cold loop, hot loop)

Loop disassembly rehearsal'

1
l

!
I

_ _ - _ - - - - - - - -
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9. SUMMARY AND CONCLUSIONS

a) Summary

This safety evaluation report pertains to the operation and

research use of a small pressurized water loop in the MITR-II core,

core-tank and containment building. The preceding sections and the

appendices which follow document the design features, as they relate to

safety, of an in pile facility which is intended to closely simulate the

primary system of a PWR. Figure 9.1 is a schematic illustration and sum-

mary of the safety features of the loop.
.

Although designed to operate at PWR temperatures and pressures, the

small size, the design of the facility and the control instrumentation

limit the potential hazards. In this SER we have addressed issues asso-

ciated with 1) reactivity changes, 2) thermal-hydraulie effects,

3) chemical effects, 4) radiolytic decomposition, 5) experiment scrams,

6) prototype testing and proof testing, 7) radioactive releases, vaste

handling and disposal, as well as other concerns such as operational and

experimental procedures, radiation levels and ALARA considerations. Our

conclusions in these areas are summarized below:

1) Reactivity changes

The loop is designed so that the maximum reactivity changes

which are conceivable are less than the 0.20% ak/k allowed for
1 an experiment which would be movable during reactor operation.

2) Thermal-hydraulic ef fects

The most serious concern overall is assurance of the heat

input to the loop: 10-15 kW of electric heater power and

2-4 kW of gamma heat. Radiation to the thimble wall is suf-

: ficient to remove the latter in a purely passive mode of
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* operation; and redundant means for interruption of electric

power are provided--an active overtemperature control system

based upon thermocouples which monitor heater bath tempera-

turo, and a passive fusible link which melts to sever the-

electrical connection to the resistance heaters in the lead

bath.

3) Chemical effects ;

A moderate amount of hydrogen gas (< 10 sef) will be used

inside the reactor containment. The systems outlined in the
Ibody of the report assure safe use of hydrogen through two

basic approaches avoiding the contact of hydrogen with oxygen

or high dilution levels to provetic accumulation of an
.

explosive mixture in the event of hydrogen leakage.

A scenario which involves the potential for hydrogen entry

into the in-pile thimble has been analyzed and is discussed in

6.b.c. The operational, instrumental and design features

which we have incorporated into the PCCL are deemed adequate

to assure that hydrogen and oxygen can never be present in

significant enounts in the thimble when it is in-core.'

4) Radiolytic decomposition

No significant unresolved issues have been identified. Ba s i-
;

| cally the PCCL operates in the mode and with materials identi-

cal to a PWR. I

i

i

|

!
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5) Experiment scrans -

This is addressed in the body of this report, and the protec-

tion of the reactor systems as well as the PCCL can be

assured..

6) Prototype testing and proof testing

A considerable amount of testing of this type is planned to

assure the safe conduct of PCCL experiments. Section 8 out-

lines the testing which will be performed in this category

prior to routine in pile operation.

7) Radioactive releases, vaste handling and disposal, radiation

levels, ALARA considerations and related operational proce-

dures

These are discussed in various sections of the SER. For the

most part the PCCL breaks no new ground in this area. Pre-

vious experiments reviewed and authorized for operation An the

MITR-I and MITR-II, such as the Fatigue Cracking Experiment,

have involved comparable er higher levels of activities, radi-

ation fields and radioactive material handling procedures.

b) Conclusion

The overall conclusion of this SER is that operation and experi-

mentation with the PCCL in pile loop, having the design features outlined

above, can be made to fully satisfy the MITR-II Technical Specifica-

tions. Furthermore, we feel that no significant health or safety hazards

will result from these activities.
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APPENDICES

Appendlic la Safety Related Experiments and Calculations

a) Radiative dissipation of gamma and neutron heating of i4

Iloop components.

b) Reactivity worth of B-10.

c,) Thimble stresses.
!

Appendix 2: Extracts from the MITR-II Technical Specifications '

.
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APPENDIX 1.at RADIATIVE DISSIPATION OF GAMMA AND NEUTRON HEATING OF.

LOOP COMPONENTS

As. discussed above, one of the primary safety features of the loop

is the passive rejection of nuclear heating of in-core components at a

temperature below the zirconium-steam reaction temperature of 2100'F.

An experiment to verify calculations of the radiative heat transfer rate

between the lead-filled titanium tube and the cooled aluminum thimble

has been completed. A simulation at approximately full scale with

respect to radial dimensions and half the length of the actual in-core

section was used. A one kilowatt electric heater was used at varying

power levels, and the temperature difference from the titanium tube wall

to the aluminum tube (which was maintained at constant temperature by a

water bath) was measured.

The experimental data was fit to the expressions

c(T2 -T ")tQ=
[11 14 _g

81A1 A2 ( C2 j

where: Q = total heat transfer rate

c = Stefan-Boltzmann constant

t= emissivity

A = surface area

1 - Al thimble, 2 - Ti can
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.

The denominator of this expression can be estimated from the experimen-

tal data, and should be approximately constant since the change of emis-

sivity with temperature is small over the range encountered. The cal-

|
culated , values, however, varied by a factor of five, indicating that

convection was contributing significantly to the heat transfer. An

approximate value for the denominator at T2 = 2100*F was nevertheless

obtained by extrapolation, and the heat rejection.at that temperature
1
'

was estimated to be 8.5 kW.
.

| |

|
l

|At full power, the core average Y-heating rate is =1 w/g. Wood
1

2
| and Brown have shown that neutron heating adjacent to a thermal neutron

|

j fission spectrum is one tenth the gamma heating. Thus, using a total
| |
| nuclear heating rate of 1.1 W/g, and with 6.5 kg total mass in the tita-

'

|

nium tube and contents, the total nuclear heating is =7.2 kW. The anal-

| ysis above indicates that this will result in temperatures below the

|
! zirconium-steam reaction temperature, although the margin is not large.
1

| When the loop is constructed, tests of the actual passive heat rejection

| will be performed. If necessary, the maximum temperature attained in
|
' passive cooling mode can be reduced by reducing the mass of lead in the

conductive bath and/or by treating the titanium and aluminum surfaces to

increase their emissivity. The experimental results described above

indicate that adequate safety margins should be attainable.

| .

t

i

I P.J. Wood and M.J. Driscoll, "Assessment of Thorium Blankets for Fast
Breeder Reactors," MITNE-148, July 1973.

2 G.J. Brown and M. J. Driscoll, "Evaluation of High Performance LMFBR
Blanket Configurations " MITNE-150, May 1974.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



f

-
.

.

APPENDIX 1.b: ESTIMATION OF BORON WORTH.

The (unknown) vorth of Boron-10 can be es saated from the (known)

worth of Uranium-235. Perturbation theory yields the simple ratio

(ao/a) B-10 I . B-10 , 235,a 5 g_g ),

(ap/g) U-235 (E-1) 7,, U-235 10

For cross-sections, the Maxwellian-averaged thermal values can be used,

since over 80% of the neutron absorption in both B-10 and U-235 are in

the ther:nal region. Cross-section values are a follows:

a E

B-10 3,400 0

U-235 588 2.0)

Finally, we have for the MITR-II core:

S f_ 10 milli 8/gI (worst-case value - A-ring, 445 g element)
8 -235U

Thus, Eq. (A.1) gives:

..

S 1270 milli 8/g=

8,

. .B-10

and if S 0.00786=
U-235i

N ak/k' "g = 9.93x10*3 = 0.998%a ,

8,3-10 .B-10 . .B-10g 8
.

;

I Personal communication, J. Bernard, October 6, 1986, and his memorandumi

| to 0. Harling dated October 7, 1986.

(

l

l
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APPENDIX 1.c THIMBLE STRESSES

The thimble is designed to withstand the stresses expected under

both normal and accident conditions. The cases of interest which have

been identified are:

1) internal pressurization - normal helium pressure

- shot bed hydrostatic pressure

- loop leak pressurization accident

- hydrogen deflagration accident

2) external pressare on evacuated loop

3) thermal stresses

The thimble consists of three sections: an approximately elliptical

section 2.50 in. x 1.40 in. x 0.125 in, wall, 3 ft. long; a cylindrical

section 4.0 in. OD x 0.250 in. wall (possibly with 0.125 in. deep

grooves for added heat transfer), 8 ft. long, and a cylindrical section

8.0 in. OD x 0.250 in. wall. All these components are constructed from

6061-T6 aluminua tubing with minimum yield strength of 40,000 psi.

For the case of internal pressurization in a long, thin-walled

cylinder, the hoop stress is given by

a = L[

where P = pressure

v = tube radius

t = tube thickness.

__



'
,

-
.

'

1 For the cylindrical sections, the pressure at which the hoop stress is

ote-half the yield stress can readily be derived: P = 1250 psi (equal

fcr both sections if a minimum thickness of 0.125 in. is assumed for the

4 in. s'ection, as would be the case for the grooved version). For the

elliptical section, mar.imum stress due to internal pressure occurs at

the minimum radius point where hoop stress ist

o=q
,

where b = semi-major axis, and the bending moment is given by:I

'

/ I I
P \ 2 11u . I(y S S

where I x moment of inertia of a quadrant of the ellipse about the=

x-axis

y coment of inertia of a quadrant of the ellipse about theI a

y-axis

S = are length of a quadrant of the ellipse

Using these relationships, an internal pre ure of =850 psi can be shown

to produce a maximum stress of one-half the yield stress. It is evident

f rom this antlysis that the normal helium operating pressure of 20-30
.

psig can easily be withstood, and the =20 psi additional pressure due to

the weight of the shot bed is also inconsequential. (Note that a simple

I Baumeister, Ava11one and Baumeister, eds. , Marks ' Standard Handbook for
Mechanical Engineers (8th Ed.), McGraw-Hill, New York (1978) pp. 5-St.
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analysis indicates that shot-bed ratchett: Lng, whi'h could exert signifi- *

cant forces on the thimble, is unlikely to cceur. Dimensional monitor-

ing of the thimble before and after its out-of pile runs will be used to

verify the absence of ratchettirg forces.) The loop leak pressurization

accident was shown above to result in a maximum pressure of less than

400 psi if the two thimble pressure relief valves fail to open. Pres-

sures in a hydrogen defisgration accident are much more difficult to as-

sess, but this accident has been shown to be extremely unlikely, and a

burst disk set at 500 psi or lower will be provided to gaurd against

thimble fcilure in this scenario. Considerable margin to yield is pro-

vided, and the ductility of the aluminum (min. = 10% elongation) gives

further assurance that thimble leakage is a remote possibility even in

extreme pressurization accidents.
'

The stresses produced on the thimble by evacuation (plus submer-

gence to about 12 ft. in water) are negligible, and the ability of the

thimble to withstand this loading will be amply demonstrated during the

conditioning run, which will be made with the thimble at vacuum. The

worst case for thermal stresses will occur on the in-core thimble sec-

tion during a loss-of-coolant accident. Using a conservative value of

10 kW total heat transfer to this 150 in.2 area gives AT = 3'Fi, and a

corresponding thermal stress of =300 psi, which is again negligible.

,

T
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EXTRACTS FROM THE HITR-II TECHNICAL SPECIFICATIONS
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* 5.3 Prime.ry Cnoinnt System - -* , ,
,

"
-

Applicability - -

_

This specification applies.co the design of the primary coolant ..i

k'

system.. ,,

,

l

j Objective _ *-
,

To assure compatibility of the primary coolant system wit.h the
.

safety analysis. ,. .-

,

Specification -

'
'

T e. reactor coolant system shall consist,of a. reactor vessel, a-
...

, ,

single cooling loop containing three heat exchangers, and appropriate
,

pumps and valves. All materials, including those of the reactor vessel,

in contact with primary coolant (H O), shall be aluminum alloys or
2,

stainless steel, except small non-corrosive components such as gaskets,
.. ..

, ,

'
filters and valve diaphragras. The reactor vessel shall be designed in

'

accordance with the ASIE Code for Unfired Pressure Vessels. It shall
,

be designed for a working pressure of 24 psig and 150'F. Heat exchangers
,

shall' be designed for 75 psig and a temperature of 150'F. The connecting

piping shall be designed to withstand a 60 psig hydro test. .--

. .

Basis

The reactor coolant system has been described and "analyzed in the**

Safety Analysis Report as a single l' oop system containing two heat

exchangers. Additiona'l analy. sis based on the use of three heat exchanks, |

:-

has been described in the'llRC staff's Safety Evaluation of Amendment flo.14 (
to these Technical Specifications. 11aterials of constnJction, being i

1

primarily stainicss steel, are chemically compatible with the H O coolant.2
'

The stainicss steel pumps are heavy-walled members in areas of low stress and .

should not be susceptible to chemical attack or stress corrosion failures. The *
i

failure of the gaskets and valve be116u'. although undesireble, would"'

.

.

Amendment flo. 14 5-5
- _ - - _ _ _ _
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not result in catastrophic failure of the primary system; hence, strict.

'' ' ~
material limitations are not required for technical specifications. The

design, temperature, and pressure of the reactor vesoci and other primary

system components provide adequate margins over operating temperatures and,

pressures, and it is believed prudent to retain these margins in order

to further reduce the probability of a primary system failure. The,

reactor vessel,was designed to Section VIII, 1968 edition, of the ASME
.

Code for Unfired Pressure Vessels. Subsequent design changes should be

made in accordance with the most recent edition of this code.

Since the safety analysis is based on the reactor coolant system
'

as presently designed and with th'a present margins, it is considered
t

| necessary to retain this design and these margins or to redo the analysis.
:

| '

1

1 -

; -

*.

a

e

I

\ i
t

.

I

i
'

I *

I

'

i

| 5-6
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6. EXPEP.IMENT!
,

. ..

6.1 Ceneral Experiment criteria

'

Applicability

This specification applies to experiments using the reactor.

'

gieetivc

To assure that experimenta in the reactor do not affect the safety
I

of the reactor.

Specifications

| All experiments within the reactor shall conform to the following

conditions.
.

1. Reactivity Effects

The reactivity worth of experimentr, shall not exceed the values
,

indicated in the following table

Single Experiment Worth Total Worth
*

Movablo 0.2% AK/K 0.5% AK/K

Non-socured 0.5% AK/K 1.0% 4K/Kt

i

| Total of the above 1.5% 4K/K
,

Secured 1.8% 4K/K

2. Thormal-llydraulic _Ef f oets_

a. All oxrcrimental c.spsulos shall be designed against failure

from internal and external heating at a reactor power lovel
|

| Or procons variabic corresponding to the Limiting Safety

System Setting associated with that power. level or process

veriabic.

6-1
-

* I
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'
.

.

"

b. The outside surface temperature of a submerged experiment,,
,

*

or capsule shall not cause nucicate boiling of the reactor

coolant durir.g operation of the reactor. '

c. The insertion of an experiment into the core should not

cause a coolant flow redistribution that could negate the

safety consideration implicit in the Safety Limits.
.

3. Chemien1 Effects

a. Hephstable or other materials that could react to create

a rapid pressure rise shall be encapsulated. The capsule

shall be prototype tested under experimental conditions to

demonstrate that it can contain without failure an energy

release equivalent to at least twice the material to be
.

irradiated or at losst twice the pressure that could be
-

expected from any reaction of these matorials. These tests

must also include effcces of any fragments which may be
~

generated. If a change in experimental conditiers could

result in a greater potential for failure than design

experimental conditions, the capsula shall also be tasted
,

undar these changed conditions. In addition, the quantity ,

!

of material should be limited such that if the maximum

calculated enorgy rolcase should occur, significant damage !
!

to the reactor core will not result, assuming the esterisi
*

is not encapsuisted,

b. No explosive materials (dofined to includo all matorisis

that would conntitute Class A Class B .'ad C1ses C cxplo-

sivun an described in Titic 49, Parts 172 and 173 of the !*

.

6-2
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Code of Federal Regulations) shall be placed in the reactor%.

core or within the primary bioAogical shield, which, if

completely detonated, could cause any rearrangement or
~

damage to the reactor core. Proposed quantities of explo-
,

sive materials greater than the equivalent of 25 milligrama

of TNT shall require a documented safety analysis and
,

approval by the MIT Reactor Safeguards Committee. Capsule

design for explosive material shall be prototype tested to-

demonstrate that it can contain at least twice the pressure

produced inside the capsule as a result of detonation of

the material or the pressure produced by the detonation of

twice the amount of material.
.

c. Corrosive materials that could affect or react with another
%

untorial present in the reactor system vill be doubly encap-

sulated. If the materi'al can adversely affect the reactor

I
'

core or any of its component parts or auxiliary systems

or the building containment to cause loss of function of

tho affected conponent or system, means n'all be provided
1

to monitor the integrity of the material contsiner. |

4. Radiolytic Decomposition

a. Compounds subjact to radiolytic decomposition shall be
,

irradiated in containers which can withstand the maximum

gas pressure produced as a result of the decomposition

under irradiation including the ef fect of any temperature

6-3.

. . .
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rise. This pressure will be determined by previous expe-'
.

% rience or by testing as described in Specification 6.1,

subsection 6.

f *b. Consideration shall also be given to any pressure buildup

resulting from the decomposition of the sample container,

such as might occur with a polyethylene viel.
|

c. . Compounds subject to radiolytic decomposition may be
! t

'

I irradiated in a capsule that is vented, provided that the

|
vented release is less than 1.0% of the limits of 10 CFR 20'

-

|
at any point of possible exposure.

~

5. Experiment Serar.s

Provisions have been made in the Reactor Safety System for the

addition of experiment scrams. These scraes may be added for the protection

of the experimental equipment and/or reactor components in the event of-

!

! some malfunction. If malfunction of the experim nt can adversely affect

the reactor core or any of its component parts or auxiliary systems or the

building containment to cause loss of function of the affected component

or system, the experiment scrams shall be redundant so as to satisfy the
e

single modo failure protection discussed in Section 7 of the SAR.

6. Prototype Testing

Materials whoso properties (corposition, heating, radiolytic

decomposition, etc.) are uncertain must be prototype tested. These tests

will be designed to give a stopwise approach to final operating conditions.

The touts may cithnr be stopwiso timo or flux irradiations with propor

instrumentation to dotormino tenrerature, pressure and radioactivity fnr

each step an rc'autred.

6-4
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7. Radioactive Rc1 cases
,

,

* a. Experiments shall be designed so that operation or mal-

function is not 1.redicted to result in exposures or releases

of radioactivity in excess of the. limits of 10 CTR 20 to
.

either onsite or offsite personnel.
.

b. The total radioactive materials inventory of an experiment

.or credibly coupled experiments shall be limited such that

i
the dose in unrestricted areas resulting from release of

this inventory at its calculated maximuin value shall not

exceed that of the Design Basis Accident (Section 0.3.1 of
' ~

tha SAR).

Bates '

.

Accidents resulting from the step insertion of reactivity have been

discussed in the SAR. It was determined that followins a step increase,

of 1.8% AK/K, fuci p|.ste temperatures vould be below the clad colting tem-

parature and significant core damage would not result. The 0.2% AK/K

limit for covcblo expericants corresponds to a 20-second period, one

which con be easily centro 11ed by the reactor operator with little effect

on reactor power. The limiting value for a single non-secured o periment.

0.5% AK/K is set conservatively below the prompt critical value for

reactivity insertion and below the mininum shutdown margin. The sum of

the snagnit idos of the static reactivity worths of all non-secured experi-

ments, 1.0% 4K/K, doca not execed the minimum shutdown margin. The total-

worth of all cavablo and non-secured experiments will not reduce the mini-

ruum shutdown surgin no the shutdown marCin is determined with all movablo

experiments in the nout positivo reactivo state.
|
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Specifications 2, 3, 4, 5 and 6 are intended to minimize the prob-

ability of experiment failures. Experiment capsules should be designed ;

to withecand expected temperatures, pressures, chemical and radio- !
t

chemical effects. The requirement for testing containers at twice the

pressure or with twice the amount of explosive or estastable material
i

to be irradisted provides a factor of 2 safety margin as allowance for '

experimontal uncertainties. Table 6.1-1 gives a summary of the require-

ments for specicon irradiations for ease of review and classification !
I

of the specifications.

' The radiological consequences of experiment malfunctions must be

considered as' stated in Specification 7. Consistent with the Commission's
,

reguistions, predicted onsite personnel exposures or offsite concentrations-

' resulting f rom those malfunctions must not be in excess of those permitted
,

b'y 10 CFR Part 20. .

|.
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'l Table 6.1-1
.'

2

Sur=ary of Requirements for Specimen Irradiations
x

I
US I

a .o i
t e aw

- . . -a i;

Requiresent .o > > uo
j e w w. x o.
j o u a a ae
: 2 3 8- 38*

,

c. s. ,a< u .
.> ~ 'go .

u e x o
! " * * " '

Consideration of reactivity effects,
induced activity, heating and
te=perature distribution X X X X X

j

t

! Estic:stion of pressure buildup X X X
1

Single encapsulation X, ,X I -

,

!
' X

I I Deuble encapsulation
"

I
'

f Container pressure test X X

1

j Other d a, d b c'

!
1

1

.

|
-

I
I A:nounts above the equivalent of 25 mg TNT require safety analysis and approval. of MITF.Sc.a.

'

!
b. If corrosioa can cause loss of functions of the reactor core or any of its component parts or

! auxiliary systems or the building containment, integrity of container must be monitored during
i irradiation. ,

Coacainer may be vented if'releas. .is less than 1.0% of 10 CFR 20.
]

c.
1

5 d. A:nounts limited such !!.it reaction will not damage reactor core. -

i

!
,

i
;

)

1 -

. .j
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NUCLEAR REACTOR LAB 3RATsRY E
- : U

.

AN INTERDEPARTMENTAL CENTER OF
--

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
;

- i

O K. HARLING 138 Abany Street Cambtboe, Mass. 02139 L. CLARK, A
Directot

(617) 2n 4202 Direetw of Reactw operations,

September 6, 1988
.

U.S. Nucles. Regulatory Commission
Document Control Desk
Washington, D.C. 20555

Gentlemen:

Subj ect : NRC Region ! Inspection Report No. 50-20/88-02

As noted in NRC Region ! Inspection Report No. 50-20/88-02, no
reply to that report was required. Accordingly, this letter is sub-
mitted as an item of information. Under Section 6 (Experiments) of
the aforesaid report, a concern was raised that a proposed experiment
be prototype tested to a pressure of at least 970 psi. Please be
advised that the proposed experiment has now been prototype tested to
a pressure of 1000 psi. Also, certain changes have now been made to
t!.; proposed experiment which significantly reduce the necessary
hydrostatic test pressures. Tnese are described in a safety evalua-
tion report that is being forwarded under separate cover.

Sincerely,

9-k u 4
John A. Bernard, Ph.D
Director of Reactor Operations
Nuclear Reactor Laboratory

JAB /cth

cci USNRC - Region !
Chief, Reactor Projects Section IB

USNRC - Region I
L.T. Doorflein, Project Inspection, Section IB

USNRC - Resident Inspector Pligrim Huclear Station.

USNRC - Region !
Chief, James 7. Wiggins, Reactor Proj ects Branch No. 3

.

Y .. _

/
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7 NUCLEAR REACTOR LABORATORY b

AN INTERDEPARTMENTAL CENTER OF 5 N
'

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

O K. HAALING 138 Atany Street Cambridge. Mass 02139 L. CLMK JR.
Director (617)2534202 Directer of Reactor Operatons

April 21, 1988

U.S. Nuclear Regulatory Commission
ATTN Document Control Desk, M.S. 0WFN ll-H-3
Washington, D.C. 20555

Subject: Evaluation of Unreviewed Safety Question, 10 CFR 50.59(b)(2)
'MIT Reactor License No. R-37, Docket No. 50-20

Gentlemen

The Massachusetts Institute of Technology Nuclear Reactor Labora-
tory is forwarding herewith a safety evaluation by the MIT Research
Reactor Staff providing the cases for the determination that there are
no unreviewed safety questions concerning the installation and opera-
tion of an experiment on the MITR-II.

The experiment is a pressurized coulant chemistry loop which will
be installed in the reactor core and which is described in the
enclosed "Safety Evaluation Report for the PWR Coolant Chemistry Loop
(PCCL)", Report no. MITNRL-020, dated February 23, 1987 and its
Supplement dated April 19, 1988. The purp)se of the experiment is to
investigate the formation, transport and deposition of radioactive
crud in a carefully controlled loop that will simulate pressurized
water reactor conditions, all with the objective of learning how to
reduce radiation exposures to personnel during maintenance work on
these reactors.

Since experiments of this type are not described in the "Safety
Analysis Report for the MIT Researcii Reactor (MITR-II)", Report No.
MITNE-IIS, October 22, 1970, as amended, a safety review of the exper-
iment has been conducted by the project pt.sonnel, the reactor staf f,
and the MIT Reactor Safeguards Committee, including a safety evalua-
tion as to the existence of rny unreviewed saf ety questiens (Safety
Review #0-86-9, dated April 19, 1988 enclosed). No unreviewed safety

questions have been indentified.

In accor4nce with 10 CFR 5').59(b)(2), evaluations of unreviewed
safety questions have routinely been reported to NRC in the annual
report required by paragraph .13.5 of the MITR-II Technical Specifi-
cations, Facility License No. R-37. Because of the unusual nature of
this experiment, we are reporting the safety evaluation required by 10
CFR 50.59 (b)(1) at this time rather than wait until the next MITR-II
annual report, which will be issued in July or August 1988.

-wtcs.n, x.n
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Dur schedule calls for the initial installation on the reactor to
occur in May.

If you should have any questions regarding the evaluation or any
of the information furnished, we request that you contact as as soon
as possible.

Sincerely,

J / *
*s

Lincoln Clark, Jr.
Director of Reactor Operations

I Associate Director,
Nuclear Retctor Laboratory

,

i

Enclosures

Safety Evaluation Report, February 13, 1987
i Supplement to the Safety Evaluation Report, April 19, 1988
: Safety Review #0-86-9, April 19, 1988
1

!

! LC/crh

j

? cc MITRSC
USNRC - Region I

Chief, Reactor Projects Section ID
i USNRC - Region I
; Project Inspector, Section IB

USNRC - Resident Inspector, Pilgrim Nuclear Station

4

J

4

i

!
,

e

l
4

I

|

1
i

i

!

|
:
I
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NUCLEAR REACTOR LABORATCRY I i

AN INTERDEPARTMENTAL CENTER OFi

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

,

O K. HARLING 138 Aleany Street Cambr49e. Mass 02133 L Ct.AAK. JR.
Director (617)253 4202 o. rector cf Reactor Operatens

.

August 30, 1988

U.S. Nuclear Regulatory Commission
ATTH: Document Control Desk
Washington, D.C. 20535

Subj ec t : Revisiot[toAnnualReport, Docket No. 50-20, License R-37,
Technical Specification 7.13.5

Dear Sirs:

Information on liquid discharges to the sanitary sewertre system
ves inadvertently emitted f rom the Annual Report of the H7T hosearch
Reactor for the period July 1, 1987 to June 30, 1988, submitted on 29
August 1988 in compliance with paragraph 7.13.5 of the Technical
Specifications for Facility Operating License R-37. Enclorod herewith
is a revised copy of the entire report containing that luf o rmat ion.
The affected sections are the last paragraph on page 23 and the table
on page 26. We regret any inconvenience that this may have caused.

Sincerely,

</t
Kwan S. Kwok
Superintendent

* k d b- -

John A. Bernard, Sh .

Director of Reactor Opsrations

JAB /gv

Enclosures !.s stated

cci HITRSC
USNRC - Regien I

Chief, Reactor Projects Section IB
USNRC - Region I

L.T. Doerflein, Project Inspector, Section IB
USNRC - Resident Inspector, Pilgrim Nuclear Station

'Yk ?ct IN t|)( ,)*
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HIT RESEARCH REACTOR.

I ANNUAL REPORT TO

UNITED STATES NUCLEAR REGUI.ATORY COMMISSION

y0R THE PERIOD JULY 1. 198 7 - JUNE 30. 1988,

Introduction
,

This report has been prepared by the staf f of the Masse.chusetts
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
Tacility Operating License No. R-37 (Docket No. 50-20), Paragraph
7.11.5, which requires an annual report following the 30th of June of

'each year.

The HIT Research Reactor (HITR), as originally constructed, con-
sisted of a core of HTR-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. Af ter 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 (Honday-Triday) commenced in
July 1959. The authorized power level was increased to two megawatts
in 1962 and five megawatts (the design paver level) in 1965.

Studies of an improved design vere 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 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 acros. . and utilizes
fuel elements which are rhomboidal in cross section and which contain
UAL int e rme t allic fuel in the form of plates clad in aluminum andx
fully enriched in uranium-235. Much of the original facility, e.g.
graphite reflector, biological and tr.armal shields, secondary cooling
systems, containment, etc., has been retained.

Af ter Construction Permit No. CPRR-118 was issued by the f o rme r
U.S. Atomic Energy Commission in April 1973, major componente for the

'

modified reactor were procured and the MITR-I 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 seme 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
HITR-!! on August 14th, 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 thirteenth' annual report required by the Technic.61
Specifications, and it covers the period July 1, 1987 through June 3 ),

J 1988. Previous reports, along with the "MITR-II Startup Repor;"
| (Report No. MITNE-198, yebruary 14, 1977) have covered the startup
'

testing period and the transition to routine reactor operation. This
i report covers the eleventh full year of routine reactor operation at

the 5 MW licensed power level. It was another year in which the
safety and reliability of reactor operation met the requirements of

j 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.

.

1

<

j
1

i

!

i

4

i



'

-3-'

1

A. SUMMARY OF OPERATING EXPERIENCR.

I
1. General '

During the period covered by this report (July 1, 1987 - June 30,
1988), the MIT Research Reactor, MITR-II, was operated on a routine,
four days per week schedule, normally at a nominal 5KW. It was the
tenth full year of normal operation for HITR-II.

The reactor averaged 71.8 hours per week at full power compatsd
to 80.1 hours per week for the previous year and 75.4 hours per week
two years ago. The reactor is normally at power 90-100 hours / week,
but holidays, major maintenance, long experiment changes, vaste ship-
ping, etc., reduce the average. During the past year it was reduced
more than usual because of the planned installation of several major
experiments concerning the production, activation, and transport of
corrosion products in pressurized water reactors. Also, a lot of
operation was conducted at low power for the purpose of making meas-
urements on the medical therapy room beam. The reactor currently
operates from late Tuesday afternoon until late Friday afternoon, with
maintenance scheduled for Hondays/ Tuesdays and, as necessary, for
Saturdays. A return to Honday-Friday operation is anticipated start-
ing in the fourth quarter of 1988.

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 two refuelings of three ele-
ments each. Each entailed the introduction of three new elements to
the core's int e rmediat e fuel ring (the B-ring) and the transfer of
partially spent elements to the C-Ring to replace elements that were
at the fission density limit. This policy was in keeping with the
practice begun in previous years in which partially spent elements
that had been originally removed from the B-ring were gradually intro-
duced to the C-ring to replace fully spent elements. These procedures
were combined with many element rotations / inversions, the objective of

| vhich was to minimize the effects of radial / axial flux gradients and
'

thus achieve higher average burnups. Eight other refuelings were per-
f o rmed . One was to replace a C-Ring element that had attained the
fission density limit. It was replaced by a partially-spent element.
Three were for the purpose of trial fitting or making reactivity meas-
urements of the thimble that will hold the Pressurized Coolant
Cerrosion Loop (PCCL) scheduled for insertion in the fourth quarter of
1988. (Refer to section E of this report.) Four were for the purpose
of testing several suspect elements for possible excess outgassing.
None was detected and the elements tested are now in routine use.
This action resolves concerns originally raised in our letter of 17
August 1982 in which it was reported that several elensnts were
suspected of possible excess outgassing.

i The MITR-II 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
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|
elements was 421. (}Lg13,i One element was removed prematurely because

.

of excess outgassing.) The maximum overall burnup achieved was 48%.
Torty-two of the newer, higher loaded elements (506 grams U-235) have
been introduced to the core. Of them, four have attained the maximum
allowed fission density. However, these may be reused if that limit,

is increased as would seem warranted based on metallurgical studies by
DOE. Another five have, as reported previously to the U.S. Nuclear
Regulatory Commiss'on, been identified as showing excess outgassingi
and have been removed from service. As for the other thirty-three new
elements, they are either currently in the reactor core or have been

'

partially depleted and are avatting reuse in the C-ring.

The availability of a licensed spent fuel shipping cask from DOE
is again delayed this year. The delay has thus far caused our total
fuel inventory to approach the authorized possession limit and contin-
ues to force us to deviate from our normal fuel management practice in
that: '

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

; (2) Inability 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 suf ficient reactivity for con-
tinued operation. Thic Y U 1 result in lower overall burnups
and ultimately increase our need for additional fuel.

yinally, it should be recognized that if (as now appears likely) casks
: continue to be unavailable, 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.

I Protective av om surveillance tests are conducted on Friday
'

j evenings after shutdown (about 1800), on Hondays, and on Saturdays as
a necessary.
)

| As in 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,

i vater reflect. ? beneath the core. These had been removed in November.

1976 in order to gain the reactivity necessary to support more in-core
| facilities.

( 2. Experiments

| The MITR-!! was used throughout the year for experiments and
irradiations in support of research ard training programs at HIT and
elsewhere.

| Experiments and irradiations of the following types were conducted:

a) Prompt gamma activation analysis for the determination of boron-
10 concentration in blood and tissue. This is being performed
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using one of the reactor's beam tubes. The analysis is to sup-.

port our neutron capture therapy program.

b) Experimental measurements to determine the suitability of various
materials to serve as a neutron filter in a medical therapy beam.
These measurements are used to benchmark theoretical predictions.

c) The production of H5ssbauer sources by the irradiation of Gd-160
and Pt-196 for studies of nuclear relaxation of Dy-161 in Gd and
for the investigation of the chemistry and structure of gold com-
pounds.

d) Irradiation of archaeological, environmental, engineering materi-
als, biological, geological, oceanographic, and medical specimens
for neutron activation analysis purposes.

e) Production of gold-198, dysprosium-165, and holmium-166 for
medical research, diagnostic and therapeutic purposes.

.

f) Irradiation of tissue specimens on particle track detectors for,

; plutonium radiobiology.
I g) Irradiation of semi-conductors to determine resistance to high
i doses of fast neutrons.

h) Use of the facility for reactor operator training.

J 1) Irradiation of geological materials to determine quantities and j
distribution of fissile materials using solid state nuclear track
detectors.

j) Fault detection analysis of the output of control and process |channels from the MIT Reactor as part of a study leading to con - '

trol of reactors by use of fault-tolerant, digital computcrs. |
.! This effort recently resulted in the demonstration of techniques
i for providing predictive information to reactor operators for

;

]. their use in conducting transients,

k) 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. Control laws for adjusting a reactor's |
neutronic power in minimum time were developed and demonstrated. i

1 ;

| 1) Experimental studies of various closed-loop control techniques !
.| including digital filters to reduce signal noise.

'

|

m) Development and experimental evaluation of a technique for the.,

I determination of suberiticality,
i

n) Hessurements of the energy spectrum of leakage neutrons using a [
mechanical chopper in a radial beam port (4DH1). Hessurements of |

'

] the neutron wavelength by Bragg reflection then permits demon-
stration of the DeBroglie relationship for physics courses at MITi

and other universities.

I

*
l

'
(

4
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|o) Studies of fast neutron d amage to liquid crystal display i
-

materials using a delayed neutron detector. I

iTwo research projects that will make major use of the reactor in ;,

| the next and subsequent years have teen funded and are in various
d stages of design and development. The first project is a dose reduc-

tion study for the light water reactor industry which will involve the
, installation of pressurised loops in the reactor core to investigate
i the chemistry of corrosion and the transport of radioactive crud with
) systems that simulate PWRs and BVRs. The second project is an exten-
) sion of previous research to develcp the boron neutron capture method
j of therapy for brain cancer (glioblastoma). This is a collaborative
i effort with the Tufts University New England Medical Center. As noted
5 above, this project made extensive use of the reactor during the past

year.
I

3. Chantes to Facility Deslan

| Exetpt for minor changes reported in Section E, no changes in the
j facility design were made during the year. As indicated in past

repct he the uranium loading of HITR-II fuel was increased f rom 29.7
grams of U-235 per plate and 445 grams per element (as made by Gulf
United Nuclear Fuels, Inc., New Haven, Connecticut) to a nominal 34

| and 510 grams respectively (made by the Atemics International Division
of Rockwell International, Canoga Park, California). With the excep-

I tion of six elements (one Gulf, five AI) that were found to be outgas-
i sing excessively, performance has been good. (Please see Reportable
'

Occurrence Retorts Nos. 50-20/79-4, 50-20/83-2, 50-20/85-2, 50-20/
86-1, 50-20/86-2, and 50-20/88-1.) The heavier loading results in
41.2 w/c U in the core, based on 71 voids, and corresponds to the<

j maximum loading in Advanced Test Reactor (ATR) fuel. Atomics
i Internationti completed the production of 41 of the more highly loaded
i elements in 1982, 36 of which have been used to some degree. Four
! with about 371 burnup have been discharged because they have attained

the fission density limit. Additional elements are now being
fabricated by Babcock & Wilcox, Navy Nuclear Tuel Division, Lynchburg,
Virginia. Six of these have been received at MIT and are nov is use.;

Th9 HITR staff has been f ollowing 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-hydraulics and reactor physics of the HITR-!! coreq

design shev that conversion of HITR-II fuel to lower enrichment must'

j avait the successful demonstration of the proposed advanced fuels.
v

i 4. Chanres in Performance Characterist les

|
Performance characteristics of the HITR-!! vere reported in the

"HITR-!! Startup Report". Hinor changes have been described in pro-
vlous reports. There were no changes during the past year.
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5. Channes in Operating Procedures Related to Safety

(
There were no amendments to the Facility Operating License during

the last year.

With respect to operating procedures subject only to MITR inter-
nal review and approval, a summary is given below of those changes
implemented during the past year. Those changes related to safety are
discussed in section E of this report.

a) Procedure 5.7.3, "High Level Equipment Room Sump," was revised to
reflect a recent modification in which the sump itself was
replaced and one high capacity pump installed in lieu of the two
that had originally been in use. Also, a description of the
interlocks associated with the sump pump was added to the proce-
dure. (SR #0-87-14)

b) Procedures governing operation of the "Fatigue Cracking Experi-
ment" were deleted reflecting the completion of this particular
experimental program. (SR #0-87-15)

c) PH 3.3.1, "General Conduct of Refueling Operations," was revised
to include an explicit requirement for th9 supervisor in charge
of a refueling to visually inspect the core tank for foreign
objects upon completion of the refueling. (SR #0-87-16)

d) PH 7. 6.1.1, "Inspection of the Graphite Reflector Region," wa=
revised prior to a follow-up visual inspection of that area.
(Note: Inspection results were, as expected, normal.) (SR
#0-87-18)

e) The administrative procedures Chapter 1 of the Procedure Manual,
vere revised to update the list of names and committee member-
ships. Also, the requirement to give closed-book requalification
exams was made explicit. (Note: MITR policy had always been to
give closed-book requalification ex ams . This change merely
formalized an existing practice.) (SR 00-88-1)

f) A special procedure for installation and removal of an aluminum
plug in the medical therapy room beam was prepared. Heasurements
taken both with and without this plug in the beam were used to
confirm theoretical studies concerning the design of a treatment
beam for neutron capture therapy. (SR 00-88-2)

' g) Procedure 1.4.5, "Safety Review Form" was revised to make,

explicit the requirement to document determinations of unreviewed
safety questions. (Note: This change merely f o rmalized an
existing practice.) (SR #0-88-3)

h) The checklist used for procedure 6.1.2.1, "Building Pressure,

Test', was revised to reflect minor suggestions made during the
previous year's test. (QA #0-88-1)

i) Hiscellaneous minor changes to operating procedures and to equip-
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I* ment were approved and implemented throughout the year.

6. Surveillance Tests and Inspections

There are many written procedures in use for surveillance tests
and inspections required by the Technical Specifications. These pro-
cedures provide a detailed method for conducting each test or inspec-
tion and specify an acceptance criterion which must be met in order
for the equipment or system 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 calibra-
tions are conducted on an annual, semi-annual or quarterly basis.

Other surveillance tests are done each time before startup of the
r3 actor if shut down for more than 16 hcurs, before startup if a chan-
nel has been repaired or de-energized, and at least monthly; a few are
on different schedules. Procedures for such surveillance are incor-
porated 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 Technical Specifications, and
the results of tests and inspections were satisfactory throughout the
year for Facility Operating License No. R-37.

- _ _ - _ _ _ .



_ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _

'

9.

B. TEACTOR OPERATION-

Information on energy generated and en reactor operating hours is
tabulated below:

Quarter
.

1 2 3 4 Total

1. Energy Generated (HVD):

a) H:,TR-II (MIT FY88) 137.5 140.4 89.3 120.7 487.9
(normally at 4.9 HV)

b) HITR-II (HIT TY76-87) 9,192.8

c) HITR-I (MIT FY59-74) 10.435.2

d) Cumulative MITR-I 20,115.9
& HITR-II

2. HIIR-II Operation (Hrs):

(MIT FY88)

a) At Power 742.4 843.7 585.6 709.8 2,881.5

(>0.5 HV)
for Research

b) Low Power 146.9 137.5 87.5 94.1 466.0

Training |gjor
(<0.5 IN

and Test
>

c) Total Critical 889.3 981.2 673.1 803.9 3,347.5

( Note: These hours do not include reactor operator and other
,

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

i

l
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C. SJfUTDOVNS AND SCRAMS
-

During the period of this report there were 11 inadvertent scrams
and 10 unscheduled power reductions.

The term "scram" refers to shutting down of the reactor through
prctective system action when the reactor is at power or at l o c.s t
critical, while the term "reduction" or "shutdown" refers to an
unscheduled power reduction to low power or to suberitical by the
reactor operator in response to an abnormal condition indication. Rod
drops and electric power loss without protective system action are,

included in shutdowns.

The following summary of scrams and shutdowne is provided in
approximately the same format as for previous years in order to

{ facilitate a com,parison.

I. Nuetear Safety System Scrams Total

i
j a) Improper setting of power safety channel #6 2'

b) Improper reshim (refer to ROR #87-2) 1
c) Channel #3 reset prematurely during startup 1
d) Channel #1 and #3 off scale low while operating

in ton chamber mode 1

e) Channel #1 noise due to cold solder joint 1

f) Channel #3 low voltage chamber power supply 1

'

Subtetal I
i

i

II. Process System Serams,

; a) Diaphragm failure of reflector tank dump valve 1

b) Primary coolant flow channel scram set too
3 conservatively 3

-

i

J

Subtotal 4

i

l
,

'

l

|

!
1

I

|

|

!
1

i
'

_
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!!I. Unscheduled Shutdowns or Power Reductions.

,

a) Shutdown due to Electric Company power loss 1 4

b) Shutdown due to loss of offsite power caused
by incorrect servicing of MIT distribution network 1

,

c) Blade #2 dropped due to a faulty potentiometer 1

d) Operator shut reactor down to

1) Inspect interior of core tank i

e) Operator lowered power to 1;vestigate or corrects

1) Temporary loss of cooling tower fans 1

! 11) Lov oil pressure in exhaust damper due to
hydraulic pump failure 3j .

111) Cause of abnormal pH levels in primary
coolant. (Note: Cause identified as excess
air entrainment in coolant. Repaired pump
shaft seals.) 1

iv) Clogged filter in ion column 1
1

i Subtotal ~io~

i

Total 21
,

j Experience during recent years has been as follows for scrams and
; unscheduled shutdowns
|

| Tiscal Year Number

84 19
-

85 10
86 27
87 21
88 21

j

4

1

j

|

i

1

. . _ _ _ _ ___ _ , . . _ . _ _ , _ . , _ _ . _ _ . . _ _ _ . _ _ _ _ _ _ ._
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D. MAJOR MAINTENANCE

Hajor maintenance projects during FY88, including the effect, if
any, on safe operation of the reactor are described in this section.

Major maintenance items were continued to be performed in FY88 in
anticipet,1on of supporting the necessary requirements of the upcoming
dose reduction projects for light water reactors. These projects are
the Pressurized Vater Reactor "oolant Corrosion Loop (PCCL), the Boil-
ing Vater Reactor Coolant Corrosion Loop. (BCCL), and the Intragranul-
ar Radiation Assisted Stress Corrosion Cracking (IASCC) Loop. Con-
struction of the 480 V three phase AC power supply system, the cables
for which were installed in TY87, was completed early this fiscal
year. The final tie-in to the existing 480 V three phase bus was
installed and the system is capable of delivering three phase power up
to 400 A at 480 V.

In addition to enhancing the high voltage electrical services,
the Emergency Core Cooling System (ECCS) was reevaluated for proper
distribution of the spray pattern after the installation of these in-
core experimental loops. The actual spray nozzles were removed from
the reactor core tank (with the reactor shutdown) and tested in a
full-scale mock-up of the reactor core and its associated components.
The base case was a replica of the set-up used for the pre-operational
tests of the reactor in 1975. The results were found to be in agree-
ment with those performed in 1975. The tests were then repeated with
the various in-core experimental loops rimulated in the mock-up. The
existing ECCS system was found to be more than adequate. These
results were documented in a safety review which is described in
section E of this report. A copy of these results was forwarded to
the NRC on 8 March 1988.

Instrume: W.bn necessary for operation of the PCCL was designed
and constructed. Also, control panels in the c ntrol room have been
modifled to accommodate the PCCL instrument panel. In order to obtain
the needed space, the electronics for the now completed Fatigue Crack-
ing Experiment vere disconnected and removed. The electronics for the
PCCL. which are located in the control room, were installed but remain
unconnected to the reactor alarm circuit and to the loop itself.
Final connections vill be made and intended functions tested as part
of the planned pre-operational testing when the PCCL experiment is
installed in the fourth quarter of 1988.

In addition to the above changes to the control room instrumenta-
tion, a new auto-ranging pico-ammeter which has a digital interface
was installed in parallel with the existing nuclear instrumentation.
This pico-ammeter is designed to change range automatically based on
the input signal level. It is intended to be used in place of the
existint selectable fixed-range pico-ammeter when performing closed-
loop computer control experiments. The detector that is connected to
the auto-ranging pico-ammeter when performing the control experiments
will be a compensated ion chamber capable of covering the entire range
of the reactor power from shutdown source levels to full power.

- - _ -. _ -_
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The graphite region was inspected in FY87. No indications of any
swelling, distortion, or stored energy were found in the graphite
stringers. The reflector tank outer vall, however, was found to have
a thin layer of loose material which appeared to be an oxide. Samples
of this layer were taken and a small area on the reflector tank wall
was polished to have the oxide layer removed. X-ray diffraction
studies on this loose material choved that it was aluminum oxide. A
second visual inspection of the graphite region and reflector tank was
performed in FY88 about one year following the initial inspection.
The oxide layes on the reflector tank was found to be unchanged. No
visible change or any new oxide build-up was found on the small
polished area on the tank. It is believed that this oxide layer
formed shortly af ter the inital operation of the MITR-II in 1975. A
small amount of moisture may have been present in the graphite
reflector region and it would have condensed on the outer vall of the
reflector tank. In any event, the layer is stable and not growing.
Also, it is only 4 few mils thick. Photographs of the graphite
stringers and the reflector tank were taken. Follow-up inspections of
the graphite region, reflector tank, and the polished area vill be
performed in the next few years so as to confirm that, as is now
evident, the oxide layer is stable and no new material is forming.

As part of the graphite region and reflector tank study, an
effort was made to verify that an inert gas atmosphere is being
maintained in the graphite region. Doing so both inhibits any
chemical reactions that could occur and prevents the formation of
Ar-41 gas. The purge gas of the graphite region was changed from
helium to CO in FY88 so as to allow easier detection t any leakage
from the graphite region. The conversion from using hel, m to C0, was
documented in a safety review as described in section E of this
report. Another purpose of the helium to C0 conversion study was to
reduce the overall production of Ar-41 in the biological shields of
the reactor. A CO detector was used to locate any gas leaks which
may have developed over the years in the graphite region and the
biological shields. Several leaks were found and sealed. This effort
to locate and seal possible sources of argon production is continuing.

A leak in one of the main heat exchangers, HE-1A, was located and
plugged. The heat exchanger has since been returned to service. Tho
shaft seals on the two main primary coolant pumps were replaced
because a minor leak at the rate of about a drop per day was found on
one of the pump shdts when the temperature of the primary system was,

below 15 *C.

Many exterior panels on the cooling towers were replaced and
leaks on the panels were sealed with a water-proof compound. The ice
formation on the cooling tower panels in the vinter following the
repairs was much reduced.

The interior portion of the cryogenic f acility was removed from
the thermal column of the MITR-I in the 60's. The exterior portion of
the cryogenic facility had since been placed in a stand-by condition.
The Lewis Research Center of NASA expressed interest in transferring
the refrigeration plant of this system from the MIT Reactor to

.
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; their facility in Cleveland, Ohio. Preparatory work was completed and-

the refrigeration plant of the cryogenic f acility was shipped out of
HIT in FY88. The ref rigeration plant consisted of (1) an Ingersoll-
Rand TVH compressor which was driven by a 2400 V 300 HP GE synchronous
motor with a separate motor-generator exciter, (2) a three staat
Joule-Thompson expansion engine made by Linde. (3) a 1000 liter liquid

n war, and (4) the associated breakers, instrumentation,hallura Linde e

valves, piping, and evaporators. The lines that penetrated the con-
taimuent were cut, blank-flanged, and leak tested in accordance with
the standard leak testing procedutos and requirements.

The containment vehicle (truck) lock was painted and the outer
door gasket replaced. The results of the annual containment pressure
test showed that there is a leak along the expansion joint which is
located in the middle section of the truck lock. The repair of the
expansion joint is non-standard and involves special materials and
equipment. Repair work is expected to extend into the upcoming fiscal
years. The vehicle lock in the meantime is tagged out-of-service and
its use is prohibited whenever the reactoc is in a non-secured condi-
tion. (Note At no time during the preceeding year had containment
integrity depended upon the truck lock's expansion joint.)

Hany other routine mait.tenance and preventive maintenance items
were performed throughout the year.

,

__.__ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ _ - _ _ . _ - _ - - - - - - - - - - - . . - - - --
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E. SECTION 50.59 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
I out under the conditions of Section 50.59 of 10 CFR 50 together with
l a summary of the safety evaluation in each case.

The review and approval of changes in the f acility and in the
procedures as described in the SAR are documented in the MITR records

| by means of "Safety Review Forms". These have been paraphtased for
this report and are identified on the following pages for reaJy refer.
ence if further inf orma tion should be required with regard to tny

I item. Pertinent pages in the SAR have been or are being revised to
i

reflect these changes, and they will be forwarded to the Director, I

Standardization and Non-Power Reactor Project Directorate, Of fice of
j Nuclear Reactor Regulation, USNRC.
1

The conduct of tests and experiments on the reactor are normally
#

documented in the experiments and irradiation files. For experiments
carried out under the provisions of 10 CTR 50.59, the review and ap-4

i| proval is documented by means of the Saf ety Review Form. All oth6r I
i experiments have been done in accordance with the descriptions pro-
] vided in Section 10 of the SAR. "Experimental Tacilities".
.

1
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Pressurized Conlant Corrosion Loop (PCCL),

SR #0-86-9 (04/21/88)

Ithis project involves the design, installation, and operation of
a pressurized light-water loop in the HITR core for the purpose of
studying the production, activation, and transport of corrosion
products. The effect of various water chemistries will be examined to
dete rmine the ( ptimum method for reducing the creation of activated
corrosion products (crud) and thereby reducing radiation fields asso-
ciated with pressurized water reactors (PWRs). The ultimate goal is
to reduce radiation exposures to PWR maintenance personnel.

Approval for the PCCL was given by the MITR Staff and the MIT
Reactor Safeguards Committee on 04/21/88. It was determined at that
time that no unreviewed safety question existed because no failure or

accident associated with the PCCL could lead to an accident or failure
involv'ng reactor components. Details of that determination, together
with safety review #0-86-9, were submitted to the U.S. Nuclear
Re gu'.a t o ry Commission on 04/21/88 and are therefore not further
dipaussed here.

Actual installation of the PCCL is now scheduled for the fourtn
quarter of 1988.

|

_ - - .



___- - . _ _ _ _ _ _ _ _

.

| -17--
.

; !

Analysis of the Emeraency Core Coolina System (ECCS).

3R #0-87-19 (03/08/88)
I

; As discussed in section D. "Hajor Haintenance" of this report,
the capability of the emergency core cooling system was reanalyzed in
order to verify proper spray pattern distribution following installa-,

| tion of .the proposed in-core corrosion loop experimental f acilities.
; Both theoretical calculations and a full-scale, ex-core mock-up were

used. It was found that the existing system would be more than ade- ',

quate even with the corrosion loops installed,
t

i This reanalysis of the ECCS was reviewed and approved by the MIT
i Reactor safeguards Committee on 03/08/88. It was concluded that no
; unreviewed safety question existed. The new analysis has been pro-

,'

vided to the U.S. Nuclear Regulatory Commission as Revision No. 34 to '

I the Safety Analysis Report for the HIT Research Reactor and is there-
|fore not further discussed here.

.
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Chante of Grachtte Reflector Cover Gas f rom Helium to Carbon Dioxide*

SR #0-87-20 (03/08/88)

The cover gas used in the reactor's graphite reflector region was
changed from helium to carbon dioxide. This was done as part of the
program to reduce percentage of air in the graphite region and hence
reduce argon emissions. An evaluation of the ef fectiveness of this
conversion is currently in progress. The appropriate sections of the
HITR Safety Analysis Report will be revised once this evaluation is
complete.

Approval for this change was received from the MIT Reactor Safe-
guards Committee on 8 March 1988. It was determined that no unreview-
ed safety question exists because carbon dioxide is essentially an
inert gas as is helium. The principal concerns associated with use of
Co instead of helium appear to be the possible production of minuten

quantities of carbonic acid and carbon monoxide. Neither could form
in significant quantity. Accordingly, as is documented in SR #0 87-
20, there is no increase in probability of an analyzed accident (i.e.,
increased corrosion of the reflector tank). no possibility of a new
type of accident (i.e., a health hazard caused by carbon monoxide),
and no decrease in any margin of safety as defined in the basis of a
technical specification.

Evaluation of carbon dioxide as a reflector cover gas is on-going
and will probably continue until mid-1989.

1

1
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p_jstit el Computer Cont rol of Reseters Under Steady-St ate,

and Transient Conditions

SRf-H-81-3 (11/17/81), H-81-4 (12/10/81). E-82-2 (01/08/82),
E-82-3 (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 (02/08/83), 0-83-12 (04/23/83),
0-83-20 (07/20/83), o-84-11 (06/25/84), 0-84-12 (07/12/84), 0-84-16 #

(12/6/84), 0-84-21 (11/1/84), 0-85-11 (5/9/85), 0-85-13 (6/28/85),
0-85-16 (7/12/85), 0-85-20 (8/16/63), 0-85-25 (12/1/85), 0-65-26
12/1/85), 0-86-11 (10/17/86), 0-86-13 (11/28/86), 0-87-11 (6/1/87),
0-87-17 (12/24/87).

The project involving computer analyste, signal validation of
data f rors reactor lastruments, and closed-loop control of the MIT
Reactor by digital computer was continued. A non-linear supervisory
algorithm has been developed and demonstrated. It functions by
restricting the not reactivity so that the reactor period can be
rapidly reade infini'te by reversing the direction of control rod
motion. It, combined with the signal validation procedures, insures
that there vill not be any challenge 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 experimentally 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 can be achieved in reactor control.

Each new step 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 HIT Reactor Safeguards Commit-
tee.

Initial tests of this digital closed-loop controller were con-
ducted in 1983-1984 using the f acility's regulating rod which was of
relatively low reactivity worth (0.2% AK/K). yc11oving the successful
completion of these tests, facility operating license amendment No. 24
was obtained from NRC (April 2, 1985). It permitsi

(1) closed-loop control of on6 or more shim blades and/or
the regulating rod provided that no more than 1,81 AX/K
could be inserted were all the connected contre 1 ele-
ments to be withdrawn.

(2) closed-loop control of one or more shim blades and/or
the regulating rod provided that the overall controller
is designed so that reactivity is constrained sufft-
ciently to permit control of reactor power within
desired or authorised limits.

A successful experimentation program is nov continuing under the
provisions of this license amendment. A protocol is cbserved in whiche

this controller *: used to monitor. and if necessary override, other
novel controllers that are still in development. Tests performed
during this reporting period includes

s
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a) Tests in which predictive displays were provided to the.

reactor operator as an aid in the conduct of reactor tran-
I sients. These experiments were approved by both the MIT
| Reactor Saf eguards Committee and the MIT Committee on the
| Use of Humans as Experimental Subjects. Operators partici-
| pating in the tests were restricted to use of the regulating
| rod which is of low reactivity worth, were limited to tran-,
'

sients of 1 2 MW, and were under the continuous supervision
of a licensed senior operator who was not a test partici-
pant. The tests were successful, showing that predictive
information was of direct benefit. (SR #0-87-11 dtd
06/01/48)

b) Evaluations of the MIT-SNL Period Generated Minimum Time
Control Laws. These laws adjust the rate of change of reac-
tivity so that the reactor period is scintained constant at
a specified value. As a result, power changes are accom-
plished in minimum time for a reactor limited to the spect-
fled period. These tests were conducted under the provi- |sions of technical specification #6.4 using our now standard

I

protocol in which reactivity is constrained by a supervisory I

controller that maintains "feasibility of control". Signal
implementation is accomplished using a variable speed step-
ping motor. This motor is installed prior to the tests and
removed upon their completion. An independent hard-wired
circuit is used to monitor motor speed and preclude an over-
speed condition. The conduct of these tests was approved by
the MIT Reactor Saf eguards Committee. The tests were very
successful. (SR #0-87-17 dtd 12/24/47)

yor both of the above changes it was concluded that no unreviewed
safety question existed. Relative to the use of the predictive dis-
plays, control remained at all times under the direction of a licensed
senior operator. The operator using the displays utlised them as he
or she would any instrument. Relative to the minimum time laws, the
experiments were also conducted under the supe: vision of a licensed
senior operator. Also, use of the now-standard supervisory algorithm.

and the independent hard-wired circuits limited the possible envelope
of operating conditions. In particular, there was no possibility of
control mechanism withdrawal such that the allowed rate of insertion
of positive reactivity could be exceeded. Nence, for neither emperi-
ment was there an increase in the probability of an analysed accident,
a possibility of a new type of accident, or a decrease in a safety
margin defined Ja the basis of any technical specification.

_ - - __ _______ _ . _ _
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F. ENVIRONMENTAL St)RVEYS.

1
tEnvironmental surveys, outside the iacility, were performed using ;

4

area monitors. The systems (located approximately in a 1/4-mileI
[radius frors the reactor site) consist of calibrated G.M. detectors a

j with associated electronics and recorders. !

The detectable radiation levels due to argon-41 are listed belows

f

h igtv 1. 1987 - June 30. 1988
{
t'1 North 0.10 mR/ year ,'

1

] South 0.17 mR/ year (/ ;

East 0.43 mR/ year
i
i

West 0.34 mR/ year i
-

i

Green (East) 0.11 mR/ year
|

1 |

I
,

i
_Tiscal Yearly Averates

i

) f
1978 1.9 mR/ year4

,

fi 1979 1.5 mR/ year
\ ;

i !

1980 1.9 mR/ year
[

4

'
1981 1.9 mR/ year E

1

: ).
j 1982 2.5 mR/ year

|

,

1983 2.3 mR/ tear

j 1984 2.1 mR/ year I
1

1
1985 2.2 mR/ year

j i

| 1986 1.8 mR/ year '

1

{ 1987 1.2 mR/ year l

i'

1988 1.2 mR/ year
[
t

t

t
t

I L

|
1 I

(
|

| |
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G. RADI ATION EXPOSURES AND SURVEYS WITHIN THE FACILITY-

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

2 Zirled 7/01/87 - 6/30/88 l

?

Whole Body Exposure Renae (Rems) No. of Pers2gggi l
,

.

J

] No Heasurable................................... 100

Measurable - Exposure loos than 0.1.............. 44

i 0.1 - 0.25...................................... 13
1 -

0.25 *0.5........................................ 6

| 0.5 - 0.75....................................... 3

i

; 0.75 - 1.0........................................ 1
, 1

I Total Personnel = 167 Total Man Rom = 7.44
}
! Summary of the results of radiation and contamination surveys
i from July 1987 to June 1988:
) t

During the 1987-1988 period, the Reactor Radiation Protection !.

I Of fice continued to provide radiation protection services neces- (
sary for full-power (5 megavatt) operation of the reavtor. Such
services (pe rf o rmed on a daily, weekly, or monthly schedule)

; include, but are not limited to, the following
'

i
1 1. Collection and analysis of air samples taken within the con- |' 'tainment shell, and in the exhaust-ventilation system.

'
,

{ 2. Collection and analysis of air samples taken f rom the cool- '

i ing towers. D 0 system, vaste storage tanks, shield coolant,
ti heat exchangers, fuel storage facility, and the primary j

system. |
<

i

: 3. Forformance of radiation and cont amination surveys, radio- |
| active waste collection, calibration of reactor radiation ;

monitoring systems, and servicing of radiation survey |
meters. |j

I L
| 4. Providing of radiation protection services for contrci rod [
j removal, spent-fuel element transfers. ton column removal.
4 etc. t

!
i
t

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

|
1'<

|

| |
'

|

i

i :
) !
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H. PADf0 ACTIVE ETTLUTNTS.

i

This section summarizes the nature and amount of liquid, gaseous
and solid radioactive vastes released or discharged from the facility.
1. Liould Vaste

I.

Liquid radioactive vastes generated at the facility arn dir-
charged only to the sanitary sewer serving the f acility. Thr. e were !two sources of such wastes during the years the cooling *,ower blow-

|downs and the liquid waste storage tanks. All of the l'. quid volumes '

are measured, by far the largest being the 4.161,000 liters discharged
during TY 1984 from the cooling towers. (Larger quratities of non- I
radioactive vaste water are discharged to the sanitar/ mover rysten by '

other parts of MIT, but no credit for such dilutte., is taken since the
|volume is not routinely measured.)

All releases were in 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 C/R 20.303 and 10 CTR
20, Appendix B. Note 3. ,

2. Gaseous vaste I

Gaseous radioactivity is discharged to the atmosphere f rem the
containment building exhaust stack and by evaporation from the cooling i

towers. All gaseous releases likewise were in accordance with the
Technical Specifications and Part 20, and all nuclides work below the

:
limits of 10 CTR 20.106 after tne authorized dilution factor of 3000. !

Also, all were substantially below the limits of 10 CTR 20. Arpendix |3 Note 5, with the exception of argon-41, which is esported in the ;
following Table H-1. The 2627 Ci of Ar-41 were released at an average |concentration of 0.67 x 10** WC1/ml for the year. This represents 171 1

of MFC (4 x 10** pC1/ml) and is significantly less than the previous
year's release of 4223 C1. The decrease is due to a combination of

,

{factors including the sealing of leaks and the temporary reduction in :
operating hours.

|

3. Solid Vaste
l

Only one shipment of solid waste was made during the year, infor- (mation on which is provided in the following Table H-2. '

4. Liould _pischerme to the Sanitarv Severane Systeg (
!Total gross beta activity in the liquid effluents (cooling tower jblowdowns and waste storage tank discharges) amounted to 0.00011 C1 *

for TY1988. The '.otal tritium was 0.071 C1. The total ef fluent water
volume was 4,188,000 liters, giving an average tritium concentration (of 17.0 x 10** pC1/ml. '

lThe above liquid waste discharges are provided on a monthly basis (in Table H-3 attached.

t

|

t

!
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TA*Jt.E M-1
|

ARGON-41 STACK RELEASES :

|
FISCAI, YEAR 196,8 [

[
-

;.

Ar.41 Average ig)Discharged Concentration {
(Curtee) (901/nl) !

I
'uly 1947 249 0.64 x 10** |

!August 119 0.40 !

|

September 231 0.78 i

October 314 0.46

fNovember 146 0.50
t
'December 129 0.44
|

January 1948 161 0.44 (
t

Tehrvary 42 0.28 i

;

Harch 159 0.43

April 376 1.24

- May 251 0.85

June 406 1.10
_. _

Totale (12 Honthe) 2637 0.67 x 10**

MPC (Table !!, Column !) 4 x 10*8

1 MFC 171
-.

II)
E2111 After authortred dilution factor (3000).

I
,

i

i

|

1

|
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TABLE H-1
i

.

SUMMARY OF MITR RADICACTIVE SOLID VASTI SHIPMENTS |

FISCAL YEAR 1988
).

I
,.

+

I
'

> b

|
'

.

; Vaits Shipment #1 Total
1

1. Solid waste packaged cubic 40.5 60.5'

Teet

I

;

2. Weight Four.de 1459 1459
,

. I
t

|-
; 3. Total activity C1 0.0034 0.0034 i(irradiated components. '

; ion exchange resins, etc.)
|

jt

seCo. ''Cr, '''''Te
; ''Zn, etc. !'
! !
'

i

! 4 (a) Date of shipment 10/27/87i t

] -

;

4 i

| () Disposition to |
!, liceasse for burial U.S. Icelogy. Inc.

:

1

-

:
e

1 L
|.

f,

i t
*

.' i
:

1 i
i !

-

f

; I

i

|
>

[

i

-

1 !

[

t

l,
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TABLE Hd

M OUID WASTE DISCHARGES

FISCAL YEAR 1988
.

Total Volume Average
Gross Reta Total of Effluent Tritium

Less Tritium Tritium Water (I) Concentration
,

-6 ~3 -6(x10 Ci) (x10 C1) (x10' liters) (x10 C1/ml)

July 1987 IP9.0 20.0 57.8 34.6

Aug. NDA(2) 2.12 36.1 5.9

Sept. 499.0 13.0 65.0 20.0

Oct. 111.0 2.63 33.5 7.9

Nov. NDA 3.60 45.4 7.9

Dec. HDA 2.26 34.9 6.5,

Jan. 1988 NDA 4.54 32.1 14.1

Feb. NDA 1.00 15.0 6.7

Har. 56.1 2.88 19.8 14.5

Apr. NDA 2.18 27.5 7.9

May 164.0 13.0 29.9 43.5

June 31.0 4.08 21.8 18.7

12 months 1050.1 71.29 418.8 17.0

Notes:

(1) Volume of efflunnt from cooling towers and waste tanks. Does not in-
clude other diluent from MIT estimated at 2.7 million gallons / day.

(2) No Detectable Activity less than 1. 2 6 x 10-6 pC1/ml beta for each
sample.

\-

|

_ - _ _ _ _ . .- __ - - - _ . .
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MIT RESEARCH REACTOR

ANNUAL REPORT TO,

.

UNITED STATES NUCLEAR REGULATORY COMMISSION

FOR THF PERIOD' JULY 1. 1987 - JUNE 30, 1986

Introduction
i

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 Coassission, 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 HTR-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-shif t operation (Monday-yriday) coassenced in.

July 1959. The authorized power level was increased to two megawatts
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 ot' maxi-
mizing the peak of thermal neutrons in the heavy water at the ends of
the beam port re-entrant thimble 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 contain
UAL intermetallic fuel in the f orm of plates clad in aluminum andx
fully enriched in uranium-235. Much of the original facility, e.g.
graphite reflector, biological and thermal shields, secondary cooling
systems, containtcent, etc., has been retained.

Af ter Construction Psrait No. CFRR-118 was issued by the former
U.S. Atomic Energy Conssission in April 1973, major components for the
modified reactor were procured and the HITR-I 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 preopera-
tional tests were conducted on all systems, the U.S. Nuclear

!

I

i
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Raguletory Coassissica issu::d Am:ndment No. 10 to Fasility Opercting
Licenso No. R-37 ca July 23, 1975. After initial criticality for
MITR-II on August 14th, 1975, and several months of startup testing,* power was raised to 2.5 HW in December. Routine 5 MW operation was
achieved in December 1976.

This is the thirteenth annual report required by the Technical
Specifications, and it covers the period July 1, 1987 through June 30,
1988. Previous reports, along with the "HITR-II Startup Report"
(Report No. MIDfE-198, February 14, 1977) have covered the startup
testing period and the transition to routine reactor operation. This
report c'':rs the eleventh full year of routine reactor operation at
the 5 HV 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 operating experience and other activities and re-
lated statistical data are provided in the following Sections A-H of
this report. ,'

!
t

!
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A. SUMMARY OF OPERATING EXPERICNCE

1. General,

During the period covered by this report (July 1, 1987 - June 30,
1988), the MIT Research Reactor, MITR-II, was operated on a routine,
four days per week. schedule, normally at a nominal 5HV. It was the
tenth full year of normal operation for HITR-II.

Th'e reactor averaged 71.8 hours per waek at full power compared
to 80.1 hours per week for the previous year and 75.4 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 because of the planned installation of several major
experiments concerning the production, activation, and transport of
corrosion products in pressurized water teactors. Also, a lot of
operation was conducted at low power for the purpose of making meas-
urements on the medical therapy room beam. The reactor currently
operates from late Tuesday afternoon until late Friday afternoon, with
maintenance scheduled for Mondays / Tuesdays and, as necessary, for
Saturdays. A return to Honday-Friday operation is anticipated start-
ing in the fourth quarter of 1988.

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 nadical iso-
topes and/or by a solid aluminum dummy. Compensation fo/ reactivity
lost due to burnup was achieved through two refuelings of three ele-
ments eact. so.h entailed the introduction of three new elements to
the core's inte rmediat e fuel ring (the B-ring) and the transfer of
partial'.y spen *, elements to the C-Ring to replace elements that were
at the fission density limit. This policy was in keeping with the
practice begun in previous years in which partially spent elements
that had been originally removed from the B-rieg were gradually intro-
duced to the C-ring to replace fully spent elements. Those procedursw
were combined with many element rotations / inversions, the obj ective of
which was to minimize the effects of radial / axial flux gradients and
thus achieve higher average burnups. Eight other refuelings were per-
formed. One was to replace a C-Ring element that had attained the
fission density limit. It war replaced by a partially-spent element.
Three were for the purpose of trial fitting or making reactivity meas-
urements of the thimble that will hold the Pressurized Coolant
Corrosion Loop (PCCL) scheduled for insertion in the fourth quarter of
1988. (Rafer to section E of this report.) Four were for the purpose
of testing several suspect elements for possible excess outgassing.
None was detected and the elements tested are now in routine use.
This action resolves concerns originally raised in our letter of 17
August 1982 in which it was reported that several elements were
suspected of possible excess outgassing.

The MITR-!! fuel management program remains quite successful.
All of the original MITR-II elements (A45 grams U-235) have been per-
manently discharged. The average overall burnup for the discharged

_ _ -,--- _. .



-s~

cicm:nts was 421. (Note: On3 cicmest waJ tcmov:d prc sturoly b:ccuso,

cf excear cutgassing.) The caximum everall burnup achieved was 48%.
Forty-t.s of the never, higher loaded elements (506 grams U-235) have
been introduced to the core. Of them, four have attained the maximum.

allowed fission density. However, these may be reused if that limit
is increased as would seem varranted based on metallurgical studies by
DOE. Another five have, as reported previously to the U.S. Nuclear
Regulatory Commission, been identified as showing excess outgassing
and have been removed from service. As for the other thirty-three new
e l e me n.t s , they are either currently in the reactor core or have been
partially depleted and are avalting reuse in the C-ring.

The availability of a licensed spent fuel shipping cask from DOE
is again delayed this year. The delay has thus far caused our total
fuel inventory to approach the authorized possession limit and contin-
ues to force us to deviate from our normal fuel management practice in
that

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

(2) Inability 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 increase our need for additional fuel.

Finally, it should be recognized that if (as now appears likely) casks
continue to be unavailable, 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 Hondays, and on Ssturdays as
necessary.

.

As in previous years, the reactor was operated throughout the
period without the fixed hafnium absorbers, which were designed to
achieve a maximum peaking of the the rmal 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.

2. Experiments

The HITR-II was used throughout the year for experimenta and
irradiations in support of research and training programs at MIT and
elsewhere.

Experiments and irradiations of the following types were conducted:

a) Prompt gamma activation analysis for the determination of boron-
10 concentration in blood and tissue. This is being pe rf ormed

. _ _ . - _. _ -_
__
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using cne of the raccter's beam tub:s. Th3 cnolysis is to cup-
,

psrt cur asutrca captura tharcpy program.

b) Experimental measurements to determine the suitability of various-

materials to serve as a neutron filter in a medical therapy beam.
These measurements are used to benchmark theoretical predictions.

c) The productica of H5ssbauer sources by the irradiation of Gd-160
and Pt-196 for studie of nuclear relaxation of Dy-161 in Gd and
for the investigation of the chemistry and structure of gold com-
pounds.

j d) Irradiation of archaeological, environmental, engineering materi-
I als, biological, geological, oceanographic, and medical specimens

for neutron activation analysis purposes.
1

e) Production of gold-192, dysprosium-165, and holmium-166 for
medical research, diagr.ostic and therapeutic purposes.

f) Irradiation of, tissue specimens on particle track detectors for
plutonium radiobiology.

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

h) Use of the facility for reactor operator training.

1) Irradiation of geological materials to determine quantities and
distribution of fissile materials using solid state nuclear trick
detector 3.

j) Fault detection analysis of the output. of control and process
channels from the MIT Reactor as part of a study leading to con-
trol of reactors by use of fault-tolerant, digital computers.
This effort recently resulted in the demonstration of techniques
for providing predictive information to reac'or operators for
their use in conducting transients.

k) 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. Control laws for adjusting a reactor's
neutronic power in minimum time were developed and demonstrated.

1) Experimental studies of various closed-loop control techniques
including digital filters to reduce signal noise.

m) Development and experimental evaluation of a technique for the
, determination of suberiticality.

I n) Heasurements of the energy spectrum of leakage neutrons using a
mechanical chopper in a radial beam port (4DH1). Measurements of
the neutron wavelength by Bragg reflection then permits demon-
stration of the DeBroglie relationship for physics courses at MIT
and other universities.

|
,
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' c) Studios of fest cautern d aurge to liquid crystal display
materials using a delayed neutron detector.

Two research projects that will make major use of the reactor in
the next and subsequent years have been funded and are in various
stages of design and developpent. The first proj ect is a dose reduc-
tion study for the light water reactor industry which will involve the
installation of pressurized loops in the reactor core to investigate
the chemistry of corrosion and the transport of radioactive crud with
systems that simulate PWRs and BVRs. The second project is an exten-
sion of prcvious research to develop the boron neutron capture method
of therapy .. r brain cancer (glioblastoma). This is a collaborative
effort with the Tufts University New England Medical Center. As noted
above, this project made extensive use of the reactor during the past
year.

3. Channes to Facility Desian

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 HITR-II fuel was increased f rom 29.7
grams of U-235 per plate and 445 grams per element (as made by Gulf
United Nuclear Fuels, Inc., New Haven, Connecticut) to a nominal 34
and 510 grams respectively (made by the Atomics International Division
of Rockwell International, Canoga Park, Calif ornia). With the excep-
tion of six elements (one Gulf, five AI) that were found to be outgas-
sing excessively, performance has been good. (Please see Reportable
Occurrence Reports Nos. 50-20/79-4, 50-20/63-2, 50-20/85-2, 50-20/
66-1, 50-20/86-2, and 50-20/88-1.) 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. Four
with about 37% burnep have been discharged because they have attained
the fission density limit. Additional elements are now being
fabricated by Babcock & Wilcox, Navy Nuclear Fuel Division, Lynchburg,
Virginia. Six of these have been received at MIT and are now is use.

The MITR staf f has been following with interest the work of the
Reduced Enrichment for Research and Test Reactors (RERTR) Program at
Argonne National Laboratory, particularly the develorment of advanced
fuels that will permit uranium loadings up to several times the recent
upper limit of 1.6 g rams total uranium / cubic centimeter. Considera-
tion of the thermal-hydraulics and reactor physics of the MITR-II core
design show that conversion of HITR-II fuel to lower enrichment must
avait the successful demonstration of the proposed advanced fuels.

4. Channes in Pe rf ormance Characte rist ics

Pe rf ormance characteristics of the MITR-II were reported in the
"HITR-II Startup Report". Hinor changes have been described in pre-
vious reports. There were no changes during the past year.
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5. Channes in Operatina Procedures Related to Safety
I

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

|

With respect to operating procedures subject only to MITR inter-
nel review and approval, a summary is given below of those changes
implemented during the past year. Those changes related to safety are I

,

discussed in section E of this report.

a) Procedure 5.7.3, "High Level Equipment Roor Sump," was revised to
reflect a recent modification in which the sump itself was
replaced and one high capacity pump installed in lieu of the two
that had originally been in use. Also, a description of the
interlocks associated with the sump pump was added to the proce-
dure. (SR #0-87-14)

b) Procedures governing operation of the "Fatigue Cracking Experi-
ment" were deleted reflecting the completion of this particular
experimental program. (SR #0-87-15)

c) PH 3.3.1, "General Conduct of Refueling Operations," was revised
to include an explicit requirement for the supervisor in charge
of a refueling to visually inspect the core tank for foreign
objects upon completion of the refueling. (SR #0-87-16)

d) PH 7.6.1.1, "Inspection of the Graphite Reflector Region," was
revised prior to a follow-up visual inspection of that area.
(Note: Inspection results were, as expected, no rmal . ) (SR
#0-87-18)

e) The administrative procedures, Chaptor 1 of the Procedure Manual,
were revised to update the list of names and committee member-
ships. Also, the requirement to give closed-book requalification
exama was made explicit. (Note: MITR policy had always been to
give closed-book requalification exams. This change merely
formalized an existing practice.) (SR #0-88-1)

f) A special procedure for installation and removal of an aluminum
plug in the medical thorapy room beam was prepared. Measurements
taken both with and without this plug in the beam were used to
confirm theoretical studies concerning the design of a treatment
beam for neutron capture therapy. (SR #0-88-2)

g) Procedure 1.4.3, "Safety Review Fo rm" was revised to make
explicit the requirement to document determinations of unreviewed
safety questions. (Note: This change merely formalized an
existing practice.) (SR #0-88-3)

h) The checklist used for procedure 6.1.2.1, "Building Pressure
Test", was revised to reflect minor suggestions made during the
previous year's test. (QA #0-88-1)

1) Hiscellaneous minor changes to operating procedures and to equip-

!

|

,
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cent were cpproved cnd implencated throughtut th3 ycor.

6. Surveillance Tests and Inspections
.

There are many written procedures in use for surveillance tests
and inspections required by the Technical Specifications. These pro-
cedures provide a detailed method for conducting each test or inspec-
tion and specify an acceptance criterion which must be met in order
for the equipment or system to comply with the requirecents 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 calibra-
tions are ec * ucted 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 r,tartup if a chan-
nel has been repaired or de-energized, and at least monthly a few are
on different schedules. Procedures for such surveillance are incor-
porated into dpily or weekly startup, shutdown or other checklists.

During the reporting period, t.se surveillance f requency has been
at least equal to that required by the Technical Specifications, and
the results of tests and inspections were satisfactory throughout the
year for Facility Operating License No. R-37.

|

!
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B. REACTOR OPERATION

Information on energy generated and on reactor operating hours is.

tabulated below:

Quarter

1 2 3 4 Total

.

1. Energy Generated (HWD):

a) HITR-II (MIT FY88) 137.5 140.4 89.3 120.7 487.9
(ncrually at 4.9 HW)

b) HITR-II (MIT FY76-87) 9,192.8

c) HITR-I (MIT FY59-74) 10,435.2

d) Cumulative, MITR-I 20,115.9
& HITR-II

-

.

2. HITR-II Operation (Hrs):
,

(MIT FY88)

a) At Power 742.4 843.7 585.6 709.8 2,881.5
(>0.5 HV).

for Research

b) Low Power 146.9 137.5 87.5 94.1 466.0 1

(<0.5 MW
Training |gjor
and Test

. - - _

c) Total Critical 889.3 981.2 673.1 803.9 3,347.5

( }dSti These hours do not include reactor operator and other
training conducted while the reactor is at full power for
research purposes (spectrometer, etc.) or for isotope

production. Such hours are included in the previous line.

_ _--- _. --_ .__ --.___ - _ --__ _ _ _ . _ _ _ _ _ . - _ . _ - _ _ _ _ -_
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C. SHUTDOWS AND SCPAMS

During the period of this report there were 11 inadvertent scrams,

and 10 unscheduled power reductions.

The 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 suberitical by the
reactor operator in response to an abnormal condition indication. Rod
drops and electric power loss without protective system action 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. }{u,c l e a r S a f e t y System Scrams M

a) Improper setting of power safety channel #6 2
b) Improper reshim (refer to ROR #87-2) I
c) Channel #3 reset prematurely during startup 1

d) Channel #1 and #3 off scale low while operating
in ion chamber mode 1

e) Channel #1 noise due to cold solder joint 1

f) Channel #3 low voltage chamber power supply 1

Subtotal 7

II. Process System Scrams

a) Diaphragm failure of reflector tank dump valve 1

b) Primary coolant flow channel scram set too
conse rvatively 3

Subtotal 4

-. - _ , - - _ - - . _ . - - - - - - - -
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III. Unscheduled Shutdowns or Power Reductions

'

a) Shutdown due to Electric Company power loss 1

b) Shutdown due to loss of offsite power caused
'

by incorrect servicing of MIT distribution network 1

c) Blade #2 dropped due to a faulty potentiometer 1

d) Operator shut reactor down tot

1) Inspect interior of cors tank
1

e) Operator lowered power to investigate or corrects

1) Temporary loss of cooling tower fans 1

11) Low oil pressure in exhaust damper due to
hydraulic pump failure 3

lii) Cause of abnormal pH levels in primary
coolant. (Note: Cause identified as excess
air entrainment in coolant. Repaired pump
shaft seals.) 1

iv) Clogged filter in ion column
1

Subtotal 10

Total 21
.

Experience during recent years has been as follows for scrams and
unscheduled shutdowns:

yiscal Year Number,

84 19
85 10
86 27
87 21
88 21,

)

.

h

!
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D. MAJOR MAINTENANCE

Hajor maintenance projects during FY88, including the effect, if-

any, on safe operation of the reactor are described in this section.

Major maintenance items were continued to be performed in FY88 in
anticipation of supporting the necessary requirements of the upcoming
dose reduction projects for light water reactors. These projects are
the Pressurir.ed Water Reactor Coolant Corrosion Loop (PCCL), the '_ oil-
ing Water Reactor Coolant Corrosion Loop, (BCCL), and the Intragranul-
ar Radiation Assisted Stress Corrosion Cracking (IASCC) Loop. Con-
struction of the 480 V three phase AC power supply system, the cables
for which were installed in FY87, was completed early this fiscal
year. The final tie-in to the existing 480 V three phase bus was
installed and the system is capable of delivering three phase power up
to 400 A at 480 V.

In addition to enhancing the high voltage electrical services,
the Emergency Core Cooling System (ECCS) was reevaluated for proper
distribution of the spray pattern after the installation of these in-
core experimental loops. The actual spray nozzles were removed from
the reactor core tank (with the reactor shutdown) and tested in a
full-scale mock-up of the reactor core and its associated components.
The base case was a replica of the set-up used for the pre-operational
tests of the reactor in 1975. The results were fouad to be in agree-
ment with those performed in 1975. The tests were then repeated with
the various in-core experimental loops simulated in the mock-up. The
existing ECCS system was found to be more than adequate. These
results were cocumented in a safety review which is described in
section E of this report. A copy of these results was forwarded to
the NRC on 8 March 1988.

Instrumentation necessary for operation of the PCCL was designed
and constructed. Also, control panels in the control room have been
modified to accommodate the PCCL instrument panel. In order to obtain
the needed space, the electronics for the now completed Fatigue Crack-
ing Experimsnt were disconnected and removed. The electronics for the
PCCL, which are located in the control room, were installed but remain
unconnected to the reactor alarm circuit and to the loop itself.
Final connections will be made and intended functions tested as part
of the planned pre-operational testing when the PCCL experiment is
installed in the fourth quarter of 1988.

In addition to the above changes to the control room instrumenta-
tion, a new auto-ranging pico-ammeter which has a digital interface
was installed in parallel with the existing nuclear instsumantation.
This pico-ammeter is designed to change range automatically based on
the input signal level. It is intended to be used in place of the
existing selectable fixed-range pico-ammeter when performing closed-
loop computer control experiments. The detector that is connected to
the auto-ranging pico-anneter when performing the control experiments
will be a compensated ion chamber capable of covering the entire range
of the reactor power from shutdown source levels to full power.

|

. -- - __ __ _ _ _ . - _- _ - _ _ _ - - _ - _ - _ - - ._ _-_ ___ _.
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The graphito reglen was inspceted in FY87. No indicatiens of any
swelling, distortion, or stored energy were found in the graphite
stringers. The reflector tank outer wall, however, was found to have*

a thin layer of loose material which appeared to be an oxide. Samples
of this Jayer were taken and a small area on the reflector tank wall
was polished to have the oxide layer removed. X-ray diffraction
studies on this loose material showed that it was aluminum oxide. A
second visual inspection of the graphite region and reflector tank was
performed in FY88 about one year following the initial inspection.
The oxide layer on the reflector tank was found to be unchanged. No
visible change or any new oxide build-up was found on the small
polished area on the tank. It is believed that this oxide layer
f ormed shortly af ter the inital operation of the MITR-II in 1975. A
small amount of moisture may have been present in the graphite
reflector region and it would have condensed on the outer wall of the
reflector tank. In any event, the layer is stable and not growing.
Also, it is only a few mils thick. Photographs of the graphite
stringers and the reflector tank were taken. Follow-up inspections of
the graphite region, reflector tank, and the polished area will be
performed in the next few years so as to confirm that, as is now
evident, the oxide layer is stable and no new material is forming.

As part of the graphite region and reflector tank study, an
effort was made to verify that an inert gas atmosphere is being
main''ined in the graphite region. Doing so both inhibits any
chem. a1 reactions that could occur and prevents the formation of
Ar-41 gas. The purge gas of the graphite region was changed from
helium to CO in FY88 so as to allow easier detection of any leakage
from the graphite region. The conversion from using helium to CO, was
documented in a safety revi4v as described in sectica E of this
report. Another purpose of the helium to C0 conversion study was to
reduce the overall production of Ar-41 in the biological shields of
the reactor, A 00, uetector was used to locate any gas leaks which
may have developed over the years in the graphite region and the
biological shields. Several leaks were found and sealed. This effort
to locate and seal possible sources of argon production is continuing.

A leak in one of the main heat exchangers, HE-1 A, tras located and
plugged. The heat exchanger has since been retu. 2ed to service. The
thaft seals on the two main pri. nary coolant pumps were replaced
because a minor *eak at the rate of about a drop per day was found on
one of the pump shafts when the temperature of the primary system was
below 15 'C.

Many exterior panels on the cooling towers were replaced and
leaks on the canels were sealed with a rater-proof compound. The ice
formation on the cooling tower panels in the winter following the
repairs was much reduced.

The interior portion of the cryogenic f acility was removed from
the thermal column of the MITR-! in the 60's. The exterior portion of
the cryogenic facility had since been placed in a stand-by condition.
The Levin R4 search Center of NASA expressed interest in transferring
the refrigeration plant of this system from the MIT Reactor to

, _ _ __ __ - - - -
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thoir fccility in Cleveland, Ohio. Preparatory work was cczpleted cad
,

tho refrigerction picnt of the cryogenic f acility was shipped out ofMIT in TY88. The refrigeration plant consisted of (1) an Ingersoll-
Rand TVH compressor which was driven by a 2400 V 300 HP GE synchronous

,

motor with a separate motor-generator exciter, (2) a three stage
Joule-Thompson expansion engine made by Linde, (3) a 1000 liter 11guld
helium Linde Dewar, and (4) the associated breakers, instrumentation,valves, piping, and evaporators. The lines that penetrated the con-
tainment were cut, blanx-flanged, and leak tested in accordance with
the standard leak testing procedures and requirements.

The containment vehicle (t ruck) lock was painted and the outerdoor gasket replaced.
The results of the annual containmenttest showad that there is a pressure

leak along the expansion joint which is
located in the middle section of the truck lock. The repair of the
expension joint is non-standard and involves special materials andequipment.

Repair work is expected to extend into the upcoming fiscalyears. The vehicle lock in the meantime is tagged out-of-service andits use is prohibited whenever the reactor is in a non-secured condi-tion.
(Notes * At no time during the proceeding year had containment

,

integrity depended upon the truck lock's expansion joint.)

Many other routine maintenance and preventive maintenance items
were performed throughout the year.

.

!
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SECTION 5C_59 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
a summary of the safety evaluation in each case.

The review and approval of changes in the f acility and in the
procedures as d.iscribed in the SAR are documented in the MITR recordsby means of "S sf ety Review Forms" . These have been paraphrased for
this report and are identified on the following pages for ready refer-
ence if further it. formation should be required with regard to anyitem.

Pertinent pages in the SAR have been or are being revised to
reflect these changes, and they will be forwarded to the Director,
Standardization and Non-Power Reactor Project Directorate, Office ofNuclear Reactor Regulation, USNRC.

The conduct
documented in the experiments and irradiation files.of tests and experiments on the reactor are normally

under the provicions of For experimentscarried,out

proval is documented by means of the10 CFR 50.59, the review and ap-Saf ety Review Form. All other
experiments have been done in accordance with the descriptions pro-
vided in Section 10 of the SAR, "Experimental Facilities".

i

;
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Pressurized Coolant Corrosion Loop (PCCL)

SR #0-86-9 (04/21/88)
'

This project involves the design, installation, and operation of
a pressurized light-water loop in the MITR core for the purpose of
studying the production, . activation, and transport of corrosion
products. The ef fect of various water chemistries will be examined to
determine the optimum method for reducing the creation of activated

; corrosion products (crud) and thereby reducing radiation fields asso-
'

ciatsd *with pressurized water reactors (PWRs). The ultimate goal is
to reduce radiation exposures to PWR maintenance personnel.

!

Approval for the PCCL was given by the MITR Staff and the MIT
Reactor Safeguards Committee on 04/21/88. It was determined at that
time that no unreviewed safety question existed becaase no failure or
accident associated with the PCCL could lead to an accident or failure
involving reactor components. Details of that determination, together
with safety review #0-86-9, were submitted to the U.S. Nuclear
Regulatory Commission on 04/21/88 and are therefore not further
discussed here.

Actual installation of the PCCL is now scheduled for the fourth
quarter of 1988.

____--. - _ _ - -.__
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Analysis of tha Emerzenev_ Core Coolina System (ECCS)
SR #0-87-19 (03/08/88)

*

As discussed in section D, "Hajor Maintenance" of this report,
the capability of the emergency core cooling system was reanalyzed in
ordar to verify proper spray pattern distribution following installa-
tion of the proposed in-core corrosion loop experimental facilities.
Both theoretical calculations and a full-scale, ex-core mock-up were
used. It was found that the existing system would be more than ade-
quate even with the corrosion loops installed.

This reanalysis of the ECCS was reviewed and approved by the MIT
Reactor Safeguards Committee ,a 03/08/88. It was concluded that nounreviewed safety question existed. The new analysis has been pro-
vided to the U.S. Nuclear Regulatory Commission as Revision No. 34 to
the Safsty Analysis Report for the MIT Research Reactor and is there-
fore not further discussed here.

.

e
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Channe of Graphite Reflector Cover Gas from Helium to Carbon Dioxide

SR #0-87-10 (03/08/88)
'

The cover gas used in the reactor's graphite reflector region was
changed from helium to carbon dioxide. This was done as part of the
program to reduce percentage of air in the graphite region and hence
reduce argon emissions. An evaluation of the effectiveness of this
conversion is currently in progress. The appropriate sections of the
MITR Safety Analysis Report will be revised once this evaluation is
complete.

Approval for this change was received from the MIT Reactor Safe-
guards Committee on 8 March 1988. It was determined that no unreview-
ed safety question exists because careon dioxide is essentially an
inert gas as is helium. The principal concerne associated with use of
CO, instead of helium appear to be the possible production of minute
quantities of carbonic acid and carbon monoxide. Neither could form
in significant quantity. Accordingly, as is documented in SR #0-87-
20, there is no increase in probability of an analyzed accident (i.e.,
increased corrosion of the reflector tank), no possibility of a new
type of accident (i.e., a health hazard caused by carbon monoxide),
and no decrease in any margin of safety as defined in the basis of a
technical specification.

Evaluation of carbon dioxide as a reflector cover gas is on-going
and will probably continto until mid-1989.

i

i

t

(

,
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Dimital Comouter Control of Reactors Under Steady-State
.

-

and Transient Conditions

SRe-H-81-3 (11/17/81), H-81-4 (12/10/81), E-82-2 (01/08/82),
*

E-82-3 (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 (02/08/83), 0-83-12 (04/23/83),
0-83-20 (07/20/83), 0-84-11 (06/25/84), 0-84-12 (07/12/84), 0-84-16
(12/6/84), 0-84-21 (11/1/84), 0-85-11 (5/9/85), 0-85-13 (6/28/85),0-85-16 (7/12/85), 0-85-20 (8/16/85), 0-85-25 (12/1/85), 0-85-2612 /1/,85 ) , 0-86-11 (10/17/86), 0-86-13 (11/28/86), 0-87-11 (6/1/87),0-87-17 (12/24/87).

The proj ect involving computer analysis, signal validation of
data from reactor instruments, and closed-loop control of the MITReactor by digital computer was continued.

A non-linear supervisoryalgorithm has been developed and demonstrated. It functions byrestricting the not reactivity so that the reactor period can be
rapidly made infinit, by reversing the direction of control rodmotion. It, combined with the

signal validation procedures, insures
that there will not be any challengt so the reactor safety systemwhile testing closed-loop control methoce.

Several such methods,
including decision analysis, rule-based contcol, and modern control
theory, continue to be experimentally evaluated. The eventual goal ofthis program is to use fault-tolerant computers coupled withclosed-loop digital control and signal validation methods todemonstrate the improvements that can be achieved in reactor control

.

Each new step in the program is evaluated for safety in accor-
dance with standard review procedures (Safety Review numbers listed
above) and approved aa necessary by the. HIT Reactor Safeguards Consnit-tee.

Initial tests of this digital closed-loop controller vera con-
ducted in 1983-1984 using the facility's regulating rod which was ofrelatively low reactivity worth (0.2% AK/K). Following the su:cessfulecmpletion of these tests,
vas obtained from NRC (April 2, 1985). facility operating license amendment No. 24.

It permits:

(1) clesed-loop control of one or more shim bladas and/or
the regulating rod provided that no more than 1.81 AK/Kcould be

inserted were all the connected control ele-monts to be withdrawn.

(2) closed-loop control of one or more shim blades and/orthe regulating rod provided that the overall controller
is designed so that reactivity is constrained suffi-
ciently to permit control of reactor power within
desired or authorized limits.

A successful experimentation program is now continuing under theprovisions of this license amendment.
this controller is used to monitor, A protocol is observed in which

and if necessary override, othernovel controllers that are still in development. Testa performedduring this reporting period include:

.
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a) Tests in which predictive dispicys were prsvided to th3
reactor operator as an aid in the conduct of reac'ar tran-
sients. These experiments were approved by both the MIT'

Reactor Safeguards Committee and the HIT Committee on the
Use of Humans as Experimental Subjects. Operators partici-
pating in the tests were restricted to use of the regulating
rod which is of low reactivity worth, were limited to tran-
sients of 1-2 MW, and were under the continuous supervision
of a licensed senior operator who was not a test partici-

*
pant. The tests were successful, showing that predictive
information was of direct benefit. (SR #0-87-11 dtd
06/01/88)

b) Evaluations of the MIT-SNL Feriod Generated Minimum Time
Control Laws. These laws adjust the rate of change of reac-
tivity so that the reactor period is maintained constant at
a specified value. As a result, power changes are accom-
plished in minimum time for a reactor lialted to the speci-
fie(' period. These tests were conducted under the provi-
sions of technical specification #6.4 using our now standard-

protocol in which reactivity is constrained by a supervisory
controller that maintains "feasibility of control". Signal
implementation is accomplished using a variable speed step-
ping motor. This motor is installed prior to the tests and
removed upon their completion. An independent hard-wired
circuit is used to monitor motor speed and preclude an over-
speed condition. The conduct of these tests was approved by
the MIT Reactor Saf eguards Committee. The tests were very
successful. (SR #0-87-17 dtd 12/24/87)

yor both of the above changes it was concluded that no unreviewed
safety question existed. Relative to the usa of the predictive dis-
plays, control remained at all times under the direction of a licensed
senior operator. The operator using the displays utlized them as he
or she would any instrument. Relative to the minimum time laws, the
experiments vers also conducted under the supervision of a licensed
senior uperator. Also, use of the now-standard supervisorf algorithm
and the independent hard-wired circuits limited the possible envelope
of operating conditions. In particular, there was no possibility of
control mechanism withdrawal such that the allowed rate of insertion
of positive reactivity could be exceedes. Hence, for neither experi-
ment was there an increase in the probability of an analyzed accident,
a possibility of a new type of accident, or a decrease in a safety
margin defined in the basis of any technical specification.
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y. ENVIRONMENTAL SURVEYS

Environmental surveys, outside the f acility, were performed using.

area monitors. The systems (located approximately in a 1/4-mile
radius from the reactor site) consist of calibrated G.H. detectors
with associated electronics and recorders.

The detectable radiation levels due to argon-41 are listed below: '

.

111g July 1. 1987 - June 30. 1988

North 0.10 mR/ year '

,

South 0.17 mR/ year

East 0.43 mR/ year

West 0.34 mR/ year

Green (East) 0.11 mR/ year

ytscal Yearly Averstes:

1978 1.9 mR/ year

1979 1.5 mR/ year

1980 1.9 mR/ year

1981 1.9 mR/ year

1982 2.5 mR/ year

1983 2.3 mR/ tear

1984 2.1 mR/ year

1985 2.2 mR/ year

1986 1.8 ax/ year

1987 1.2 mR/ year

1988 1.2 mR/ year
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Go RADIATION EXPOSURES AND SURVEYS WITHIN THE yACILITY

A summary of radiation exposures received by facility personnel,

and experimenters is given below:

Period 7/01/87 * 10/88

Whole Body Exposure Ranae (Rems) No. of Personnel
.

No Measurable................................... 100

Heasurable - Exposure less than 0.1.............. 44

0.1 -
0.25...................................... 13

0.25 - 0.5......................................... 6

0.5 -
0.75....................................... 3

0.75 - 1.0........................................ 1

Total Personnel = 167 Total Man Rem = 7.44

Summary of the results of radiation and contamination surveys
from July 1987 to June 1988:

During the 1987-1988 period, the Reactor Radiation Protection
Office continued to provide radiation protection services neces-
sary for full-power (5 megawatt) operation of the reactor. Such
se rvice s (performed on a daily, weekly, or monthly schedule)
include, but are not limited to, the following:

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

2. Collection and analysis of air samples taken f rom the cool-
ing towers, D 0 system, vaste storage tanks, shield coolant,
heat exchangers, fuel storage facility, and the primary
system.

3. Performance of radiation and contamination surveys, radio-
active waste collection, calibration of reactor radiation

,

monitoring systems, and s e rvicing of radiation survey
meters.

4. Providing of radiation protection services for control rod
removal, spent-fuel element transfers, ion column removal,
etc.

I
The results of all surveys described above have been within the '

guidelines established for the facility.

!

!
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H. RADIOACTIVE EFFLUENTS

This section summarizes the naturn and amount of liquid, gaseous,

and solid radioactive vastes released or discharged from the facility.

1. L! auld Vaste

Liquid radioactive vastes generated at the facility are dis-
charged only to the sanitary sewer serving the fos 111ty. There were
two so6rces of such vastes during the years the cooling tower blow-
downs and the liquid waste storage tanks. All of the liquid volumes
are measured, by far the largest being the 4,161,000 liters discharged
during FY 1988 from the cooling towers. (Larger quantities of non-
radionetive waste water are discharged to the sanitary sever system by
other parts of MIT, but no credit for such dilution is taken since the
volume is not routinely measured.)

All releases were in accordance with Tec hnic al Specification
3.8-1, including Part 20 Title 10, Code of Federal Regulations.
There are no reportable radionuclides inaamuch as all activities were
substantially below the limits specified in 10 CTR 20.303 and 10 CFR
20, Appendix B. Note 5.

2. Caseous Veste

Gaseous radioactivity is discharged 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 tha
limits of 10 CTR 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 2627 Ci of Ar-41 were released at an average,

concentration of 0.67 x 10'' pCi/mi for the year. This represente 17%
of MFC (4 x 10*' pCi/ml) and is algnificantly less than the previous
year's release of 4223 C1. The decrease is due to a combination of
factors including the sealing of leaks and the temporary reduction in
operating hours.

3. Solid Veste

only one shipment of solid waste was made during the year, infor-
antion on which is provided in the following Table H-2.



y
-24-

t
*

1

TABLE H-1

ARGON-41 STACK RELEASES.

FISCAL YLAR 1988

Aa-41 Average,

4g)Discharged Concentration
-

(Curies) (pci/al)

July 1987 249 0.68 x 10**
1 August 119 0.40 i

September 231 0.78

Octobe r 318 0.84

November 146 0.50

December 129 0.44

January 1988 161 0.44
1

; Tebruary 42 0.28
1

] March 159 0.43

April 376 1.28
!

May 251 0.85

J ',' n e 406 1.10
.

] Totals (12 Nonths) 2627 0.67 x 10**

HPC (Table !!, Column I) 4 x 10**

1 MFC 173

i

|

''

(1)) E2111 After authortmed dilution factor (3000). i
'

:
I (

1

,.

1 l

|

r
|
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TABLE M-2

SUMMARY OF MITR RADI0 ACTIVE SOLID VASTE SHIPMENTS
.

FISCAL YEAR 1986

.

Unite Shipment #1 Total

1. Solid waste packaged Cubic 60.5 60.5
Teet

2. Weight Founds 1459 1459

3. Total activity C1 0.0034 0.0034(irrediated components,
ion exchange resins, etc.)
seCo, '8Cr, '''''To
''Zn, etc. I

>

4. (a) Date of shipment 10/27/87
_f_ -

(b) Disposition to

licensee for buriel U.S. Ecology, Inc.

- - . - - - -


