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CENERAL@D ELECTRIC

COMPANY

MISSILE AND i

SPACE DIVISION
VALLEY FORGE SPACE TECHNOLOGY CENTER (MAIL: P. O. BOX 8555 PHILA,, PA. 19101} .. TEL. 962-2000

June 11, 1968

Richard B. Chitwood, Chief
Irradiated Fuels Branch
Division of Material Licensing
Washington, D. C.

Subject: License Application

Dear Mr. Chitwood:

Enclosed is a license application for use of a 168,000 Curie
Promethium Source for non-electric heating of a vacuum tube cathode.
Pending AEC approval our program plans call for shipment of the
source by AEC Richland Operations Office from Battelle Memorial
Institute to General Electric. Company, Valley Forge Space Technology
Center, during the second or third week in July. The capsule will
be stored in building 800 until the test and then returned to
Battelle the last week of July.

General Electric Company, Missile and Space Division has re-~
cently been inspected by Mr. Raymond Miller of AEC ALO concerning
our handling of the SNAP 27 and SNAP 19 Radioactive Thermoelectric
Generators and by Mr. Raymond Fish of the Division of Compliance
concerning our overall isotope program. It is suggested that both
of these gentlemen could be able to assist your evaluation of GE/MSD
personnel, operating procedures, or facilities.

If you have any questions regarding this application or its
contents please contact me at your convenience.

Very truly yours,

Robert 0. McClintock

Health Physicist : é;
Room M-1020, Valley Forge ,
215/962-5926 ¢
/mlh T
G337

"Enc."
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Form AEC-313 ' UNITED STATES ATOMIC ENERGY COMMISSION - ,
8-64 Form approved.

10 CFR 30 APPLICATION FOR BYPRODUCT MATERIAL I.ICENSE | s Bereo e, 38:.“017

. specific.  Use supplemental sheets where necessary. Item 16 must be completed on all applications.
. mission, Washington, D.C., 20545, Attention: Isotopes Bronch, Division of Materials Licensing.
- receive an AEC Byprodudt Material License.

- Title 10, Code of Federal Regulations, Part 30, and the Llicensee is subject to Title 10, Code of Federal Regulations, Part 20.

INSTRUCTIONS. — Complete ltems 1 through 16 if this is on initicl applicction or an application for renewal of o license. Information contained in
previous applications filed with thé Commisson with respect to ltems 8 through 15 may be incorporated by reference provided references are clear and
Mail two copies to: U.S. Atomic Energy Com-

Upon approval of this opplication, the applicant will
An AEC Byproduct Material License is issued in occordance with the general requirements contained in

. lo} NAME AND STREET ADORESS OF APPLICANT. (inshtwior, firm, hospital. [ (b) STREET ADDRESS(ES) AT WHICH BYPROOUCT MATERIAL WILL BE USED  (If

person, . Include ZIP Code.) - _ different from 1 (o).

General Electric Company

Missile and Space Division
Space Technology Center ' . -
King of Prussia, Pennsylvania :

. Include ZIP Code.) .

. DEPARTMENT TQO USE BYPRODUCT MATERIAL 3., PREVIQUS, llCENSE ~NUMBER(S). (If this is an opplication for renewal of o
~ heense~pléose indiate ond give number.)
Space Systems ' 37-02006-06
37-02006-05

. INDIVIDUAL USER{S). (Nome and litle of individual(s) who will use or directly |5. RADIATION PROTECTION OFFICER (Name of person designated os rodiation pro-

supervise use of byproduc? moterial.  Give training ond esperience in items 8 ond tection officer «f other than individuo! user.  Anoch resums of his training and ex-
9.) perience as in Items 8 ond 9. .
Frank J. Witt Robert O. McClintock

Ruclear Safety Engineer

. la) BYPRODUCT MATERIAL. (Elements (b) CHEMICAL AND;OR PHYSICAL FORM AND MAXIMUM NUMBER OF MILLICURIES OF EACH CHEMICAL AND/OR PHYS.

ond moss number of each.) ICAIL'FORM LI:AT'YOU WILL POSSESS AT ANY ONE TIME. (I sealed source(s), olso state name of manufocturer, model
number, number of sources ond maximum achvity per source.}
Pm-147 One promethium - 147 fuel capsule, consisting of a
Pm-146 core of sintered 147 Pm203 clad with 0.060 inches «
gm'igzm tantalum, and a secondary claddinc of 0.200 inch
u= t L-605 alloy.
Ce-144 unltemp 7
October 1, 1967
J 1.68 x 108 Pm=147
7.56 x 101 Pm-146
3.02 Pm=148m
0.168 ' Ce-144

7. DESCRISE PURPOSE FOR WHICH 8YPRODUCT MATERIAL WILL BE USED. (If byproduct material is for “human use,’

* supplement A (Form AEC-313a) must be com-
pleted in lieu of this item. If bypreduct materiol is in the form of o ualod source, include the make and model number of the storage conlainer and/or device in
which the source will be stored ond/or used.)

'To demonstrate non-electric heating, with a radiolsotope heat source,

of a vacuum tube cathode as required by government contract No. NAS~
12-565, 7/1/67 '
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(Continued on reverse side)
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.. . . . Page Two
] TRAINING AND EXPERIENCE OF EACH INDIVIDUAL NAMED IN ITEM 4 . (Use supplemental sheets if necessary)
8. TYPE OF TRAINING \ DURATION OF | ON THE JOB | FORMAL coOuRsE
. : - WHERE TRAINED - TRAINING Circle onswer) {Circle onswer
. { }
a. Principlzes and prectices of rodiation . : - i . Yes No | Yes No
protection P - :
b. Radioactivity measurement stondardiza- .
tion and monitoring techniques and in- . . . Yes No . Yes .No
struments . e See attaChment '11'1 -
¢. Mathemotics and calculations -bosnc. '9 the| - : o . B " Yes  No Yes  No
use and measurement of radioactivity
d. Biologica! effects of radiation Yes. No Yes N'o
9. EXPERIENCE WITH RADIATION. (Actual use of radioisotopes or equivalent experience.) )
ISOTOPE | MAXIMUM AMOUNT WHERE EXPERIENCE WAS GAINED DURATION OF EXPERIENCE TYPE OF USE
See attachment #1
10. RADIATION DETECTION INSTRUMENTS. (Use supp‘lemenral sheets if necessory.)
TYPE OF INSTRUMENTS NUMBER RADIATION SENSITIVITY RANGE | WINDOW THICKNESS ’ USE
{Include make and model number of each) AVAILABLE DETECTED (me/he) (mg/em®} {Monitoring, surveying, measuring)

See attachment #2a

11. METHOD, FREQUENCY, AND STANDARDS USED IN CALIBRATING INSTRUMENTS LISTED ABOVE.

See attachment #2b

12. FiLM BADGES, DOSIMETERS, AND BIO-ASSAY PROCEDURES USED.  (For film badges, specify methed of calibrating ond processing, or name of supplier.)

See attéchment #3

INFORMATION TO BE SUBMITTED ON ADDITIONAL SHEETS IN DUPLICATE

13. FACIUTIES AND EQUIPMENT. Describe laboratory facilities and remote handling equipment, storage containers, shielding, fume hoods, ete.  Explanatory sketch
of focility is attached. {Circle answer, Yes No ‘ -
v { ! See attachment #4

14. RADIATION PROTECTION PROGRAM. Describe the radiation protection program including control measures.  If applicatian cavers sealed sources, submit leak’
testing procedures where applicable, name, training, and experience of person to perform leck tests, and arrangements for performing initial radiation survey, serv-
icing, mainlenance ond repair of the source.

See attachment #4 ' ; o
15. WASTE DISPOSAL. If a commercial waste disposal service is employed, speclfy name of company. O!hnrwu'c, submit detailed description of methods which will
be used for disposing of radicactive wastes and estimates of the typs and amount of activity invelved. See attaC] ent 4#3

CERTIFICATE (This item must be completed by applicant) .

16. THE APPLICANT AND ANY OFFICIAL EXECUTING THIS CERTIFICATE ON BEHALF OF THE APPLICANT NAMED IN ITEM 1, CERTIFY THAT THIS APPLICATION IS
PREPARED IN CONFORMITY WITH TITLE 10, CODE OF FEDERAL REGULATIONS, PART 30, AND THAT ALL INFORMATION CONTAINED HEREIN, INCLUDING ANY
SUPPLEMENTS ATTACHED HERETO 1S TRUE AND CORRECY TO THE BEST OF OUR KNOWLEDGE AND BELIEF .

Applicant named in item 1

Date i : ) By:

Title of cartifying official
5 %

WARNING.—18 U. S. C., Section 1001; Act of June 25, 1948; 62 Stat. 749; makes it a crimincl offense to make q wlllfully false statement or
representation to any depariment or agency of the United States as to any maber within its jurisdiction.

* U.S. GOVERNMENT PRINTING OFFICE : 1964 0—743-381
-~ .
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Attaéhmént_#l_

Robert 0. McClintock .

EDUCATION:

B. 8. in Physics - College of William & Mary 1957

M. S. in Radiological Physics -.University of Rochester 1958
(A.E.C. fellowship) -

 EXPERIENCE:

1958 - 1960

11960 - 1967

1967 -
Present

Health Physics Shift Engineer - Covered Health Physics
activities during shift hours at the Westinghouse
Testing Reactor. Was responsible for radiation and
contamination surveys, '

Health Physicist - Was responsible for all Health Physics
activities at the Brookhaven Graphite Research Reactor
and the High Flux Beam Reactor. Supervised staff of
seven and was involved in waste disposal, environmental
monitoring, tritium control and all other Health Physics
activities. '

Health Physicist - Responsible for all Health Physics
activities at General Electric Missile and Space:
Division. Current projects include SNAP 19 and 27
Radiosotope Thermoelectric Generators.

Health Physics Certification - American Board of Health Physics 1966
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Application For Byproduct Material License o .Pagé 2

8. Type of Training
a. University of Rochester and Brookhaven Nat'l Lab.
b. : | " |

4 . ."

d. ) 1"

9. Experience With Radiation

Isotope Max. Amount Experience Duration| Type ofiUse

m.f.p. |- Brookhaven 7 years Fission product frc
Nat'l Lab. Reactor fuel

Tritium 103ci " — 3 years | Reactor Coolant

all isotopes| C amounts 7 years | Activation product

Pu 238 >10,000 C GE Co. 1 year SNAP RIG

"

all isotopes| mc amounts 1 year | Isotope usage

3
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" Attachment #1-

Frank J. Witt
- EDUCATION:
BChE Polytec

- MChE Renssel

- EXPERIENCE:

1956 - 1966

LR AT T TP I

“mapevire

hnic Institute of Brooklyn - 1953

e

aer Polytechnic Institute - 1958

Y

T e

General Electric Company,. Knolls Atomic Power Labor-
atory, Schenectady, New York - Worked in the area of
Reactor Coolant Technology on Naval Reactor Plants
which included analysis of fission product and’
corrosion product buildup in pressurized water re-

-actors, system decontamlnatlon reactor coolant.

monitoring.

1966 -
Present

sampling and purification, radlatlon engineering for
plant maintenance, shielding analys1s, and radiation

PP | e ¢

General Electrlc Company, MlSSlle and Space Division,
Philadelphia, Pa. - Worked in the area of radiological
safety for SNAP -27 program, which included preparing
radiological control procedures, safety analysis,
preparing handling and test procedures; and coordinating
effort to permit testing of SNAP devices at GE/VFSTC.

WA Mg v Ly il
PR PR

Y



o prplication For B- voduct Material-License _ | | Page 2

~-——-—87—4¥ype~of_Training B i

a. GE/KAPL Schenectady, New York/GE/VESTC,Philadelbhia, Pa.

b - -
.. | " ;
d " )

9. Experience With Radiation

Isotope Max. Amount ! Experience Duration|{  Type of Use .
Pu-238 4.5x10 me GE/VFSTC Feb.'68 | Testing SNAP 19

Phila., Pa. Present and 27

Fission Products

Activated Crdssion Products | GE/KAPL :
Schenectady, 1956-1966 | Test Naval Reactor

Induced Water] Activity New York - | Plants in Coolant
: | Technology Area
H
IR
1. Cved i o



ALTACHIENT 22

window

Number

Radiation~

. (Wattman 41 filter)

Type éf“Instrument Available - Detected "Sensitivity. Thickness - Use
. ' _ ' Surveying &
-.. Victoreen Model 440 1 Beta Gamma’ 0~300mr/hr 1mg/cm? ~ Measuring
Eberline Pac~46 2 “Alpha | 0-5000,000 /el 0.85mg/cm? - Monitoring &
L (adaptable fqr o _Surveying
low-enexgy
beta) | .
Eberline Model E-120 2 Beta Gamma .[ 0-50mr/hr 30mg/cm? Measuring
Nuclear Measurements 2 ‘Beta Gamma 0-20mr /hr 30mg/cm2 : Measuring
Jorp.; Model GS-3
|
Nuclear Measurements _ _ _
- Corp.| Model PC-3T 2 Alpha, Beta- Flow counter Surveying to count
: : 1 smears and air
samples
ctapléx Air Sampler 2 Alr sample counted
_l ' on I'C-3T
fGast:!ir Pump
1 Air sample counted

- on PC-3T s



— ATTACHMENT. 2b R

1. The'Vict:_oreén model 440, Eberline model E-120, a'nd
Nuclear ﬁéaéurements Corporation model GS-3 are
- calibrated using a 36 mc Cobolt-60 source. fhe
instruments are calibrated yearly and spét;checked

as needed.

2. The Eberline Pac-4G and the Nuclear Measurements
Corporation model Pc-3T are calibrated using a

0.2 uc Carbon ‘14 source and a 8x10~% uc Plutonium

238 source. The instruments are calibrated weekly.

T S LI T P



" ATTACHMENT #3

l.' wl‘m Badge

a. Suppller - R.S. Landauer Jr. & Co.
3920 216th.Street
Matteson, Illimnois

b. Film badges are standard Beta-Gamma packets. Film
badges will be distributed before the program starts
and will be collected and read after completion of the test.

2. Dosimeters

a. Supplier - Landsverk Electrometer Co.
- 641 Sonora Avenue
Glendale 1, California

b. Dosimeters are 0-200mr. They will be dlstrlbuted as
required by the Health Physicist. .

2, Bioassay

a. Supplier - Isotopes, Inc.
50 Van Buren Avenue
-Westwood, New Jersey

b. Bloassay samples will not be routinely taken but only
in the event of a contamination release.

4., Waste Disposal
a. Supplier - Radiologicals Services

811 West Merrick Road
- Valley Stream, New York

W3



GENERAL 4D ELECTRIC

MISSILE AND SPACE DIVISION -
VALLEY FORGE SPACE TECHNOLOGY CENTER
P.O. BOX 8555
PHILADELPHIA PA. 19101

-SUBIECT

*  REQUEST FOR TESTING RADIOISOTOPE

HEATING OF A VACUUM TUBE CATHODE

June 10, 1968

Mr. T. P. Handley, Chairman

Ionizing Radiation Adv1sory Group

Room M1140
VESTC

"COPIES:

A. Arker _ .
L. Blomstrom (w/o er
‘A, Caruvana
- E, Conway
C. Gamertsfelder
- R. Eisenberg
A, Geia (w/o enc.)
M. Kelley (w/o enc.)
- M. Lowy (w/o enc.)
R, McClintock (3 enc
C. Mayforth (w/o enc
R. Panaro
G. Rivenbark
F, Witt

The Ionizing Radiation Advisory Group is requested to review
and approve the receipt, handling and testing of a radio-
isotope heat source for non-electric heating of a vacuum tube
cathode as requested by Contract No. NAS 12-565. It is
further requested that an AEC byproduct material license be
obtained to cover the promethium-147 source described in the
enclosure which will be used in this program. '
promethium-147 source has been licensed (No. 341246801) for
use by the Air Force for the AMSA thermal preconditioner

program.

e

The Program Manager of Contract No. NAS 12-565, Mr. R. H.
Swartley, will be responsible for all work performed and the
IPSO, Nuclear Safety Engineer, Mr, F. J. Witt, will be
responsible for supervising operations involving the radio-

- isotope fuel capsule. All work will be carried out in -
Building 800 of GE/VFSTC. All detailed test plans will be
reviewed and approved by the MSD Health Physicist,

Mr. R. McClintock. All personnel who will be associated with
the test will be instructed in the safety problems associated
with exposure to radiation and. radioactive materials.

4
-
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Mr. T. P. Handley -2~ June 10, 1968

Use of the radioisotope is for demonstration purposes.

Testing will be carried out before the demonstration using an
electrical simulator. This reduces the use of the radio-
isotope to less than one week and provides adequate opportunity
to thoroughly train personnel and to check out handling
procedures.

The promethium-147 AMSA capsule has completed testing by the
Air Force and has been returned to Battelle Northwest for

non-destructive testing. The source testing will include
leak, contamination smear, ultrasonics and X-ray inspection.

- The AEC will make the promethium-147 source available in July.
" Therefore, the AEC license approval is required by July 8, 1968

so that shipping arrangements can be made to transfer the
source from the Pacific Northwest Laboratories of the Battelle
Memorial Institute to GE/VFSTC.

Very truly yours,

.R. H. Swartley
Program Manager

‘RHS/FJW:cl
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. LICENSE APPLICATION FOR
" PROMETHIUM~-147 FUEL CAPSULE

"FOR CATHODE HEATING PROGRAM

Prepared by: Frank J. Witt
: June 10, 1968
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.I. INTRODUCTION - i o

A program is being performed by GE/MSD Spacecraft Department

to investigate improvements to microwave vacuum tubes for space
applications. One specific requirement of the Contract’

- (NAS 12-565) is to demonstrate non-electric heating of a vacuum
tube cathode. The heat source selected for the demonstration is
a radioisotope fuel 'capsule which is to be Government Furnished
Property. Arrangements have been made. through the AEC- to obtain,
on loan, an existing radioisotope heat source fuel capsule. On .
the basis of applicability and availability the AEC has allocated -
‘the promethium-147 fueled capsule which has been utilized on the
. Advanced Manned Strategic Aircraft (AMSA) thermal preconditioner
unit for Wright Paterson Air Force Base, Dayton, Ohio.

II. TEST DESCRIPTION

The purpose of the test is to demonstrate a method of non-
electric heating of a vacuum tube cathode. It is intended to use
the energy from the radioactive decay of the promethium-147 to
heat the cathode of an L-65C triode to its emission temperature,

" "For this purpose, the L-65C has been modified to remove its

electrical heater and incorporate an isothermal heat transfer
"device, a heat pipe, into the cathode structure (See Figure I).

With the heat pipe, heat can be transferred from a threaded
section external to the heat pipe to the tube cathode without a
significant drop in temperature. The heat pipe will be inserted
into a threaded hole in a high thermal conductivity copper block.
__The copper block will be used to transfer heat from the
prometh1um-147 fuel capsule to the heat pipe. The fuel capsule
will be clamped to the block to provide adequate heat transfer
area, (Clamping pressure will be below that which could damage the
fuel capsule) The complete test setup is shown in Figure II. The
. entire assembly will be thermally insulated so that the L-65C
cathode will be heated to em1531on temperatures (600 to 700°C).

III. HEAT SOURCE DESCRIPTION

The heat source capsule as shown in Figure III may consist
- of either the electrically simulated or the promethium-147 fueled
capsule. Both configurations are identical along the outer clad
envelope, but differ within the actual heat source. The infor-
mation used in this section has been extracted from Reference 1
unless otherwise indicated.



:Anode - (Moly)

. ,.~———Anode Contact (Ti)

InSulatof-(Forsterite)

Grid Contact (Ti)
Insulator

—Cathode Contact (Ti)
End Seal (Pt)

1" Hex Head
Thd Sodium Heat Pipe
| o 316 SS
3'"-20 Thread :

Figure 1

Cathode Structure and Heat Pipe



7 Figure II

" Triode Heater Assembly Ut111z1ng
AMSA Fuel Capsule

ATTEATCHMENT POINT .

7o FOR LLS
VACUUM (Yom 20 THD)
PUMP. Sem— ' ~— JNSULBTION
FhsyEpeR — ! 777 | (—ﬁ
‘ == _ ELECTRICAL
(8 _—\é‘ﬂ : S ONE= 1.7 / . ~/ : PENETRATION
\\Magk‘ / P
>::____.J ,_/,.;______.___.__________( L&\)
— - —— - / .'/ ‘—_————_'_ - -
/ L //
HEAT TRENSFEE = .
RLOzK o
THERMAL
INSULATION
Pr 157
o CAPSULE
HOLDING
CLAMP




Quter Tlad
2" Diam, 0.200" Wall

Heat Source

‘ itnner Clad
30,060 Min. Wall

EEIeEtron‘-Beam
Weld

*AMSA THERMAL"POWERCEARSULE

ettt sl e

FRfgure III

PNL 0681559




m;;_mA AMSA.Promethlum-147 Fuel Capsule

The rounded corner-cyllndrlcal AMSA fuel . capsule shown
in Figure IV consists of a core of sintered 147Pm203 clad with
0.060 inch tantalum. A secandary cladding of 0.200 inch:
Unitemp L-605 alloy provides the outer containment. The constraints
on the design of the fuel capsule imposed by ‘the AMSA Thermal
Precondltlcuer'Uhlt:appllcatlon-1nc1uded

Euel Form - 147Pm2_03 with demonstrated claddlng
- campatibility.

Fuel Lozding - nominal 60 watts, thermal
- Radiation - minimum consistant with the design
"Fuel Contaimment — no fuel release for a period of 1 year
following terminal velacity impact at the
critical angle against a rigid medium
. Dimensions - 2.00 inch diameter and 2.00 inch length with
& 0.645 inch radius connecting the
- v m T eylindrical "and end surfaces

The inner clad is fzbricated of tzntzlum material with a 99.9%

~minimmm purity. The auter clad is fabricated of Unitemp L-605 alloy
(Universal Cyclops Steel Corporation) from the same heat as stock

used for corrosion and physical tests. Compatablllty studies at’
Battelle Northwest have shown that PmyOj can be adequately contained
in tantalum up to 1200°F for several months or longer (Reference 2),
_Long term testing also demonstrated the importance of adequate '
pm:iflcat:r.on of the oxide. Trace. :cmpunt::.e.s such as carbon, CO2

CO or H,0 greatly accelerated the reactions of the oxide with

-certain metals and alloys. Little or no reaction occurs between the

purified oxide used ln the AMSA capsule and the tantalum inner clad
wvhen tested up to 1200°F. :

1. Heat Source Fabricatibn

The AMSA rad101s0t0pe encapsulatlon process depicted
in Flgure V includes: .

— a) Promethium-147 purification -
b) Conversion to oxide (Pm,05)

c) Sintering Pm,0, pellets for fuel core densification
& fM¥3 P ; .
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Figuré v

AMSA RADIOISOTOPE ENCAPSULATION PROCESS

X

1 2 3 4 5 - 6 8 9 10
Radioisotope oxide Pre-Press | JfCrushing Pm,y03 Pm,03 Peliet Pellet Weighin
Purification Conversion and Powder szo3 Calcination Weighing Pressing Sintering eighing

Heat Treatment Consolation
7 =
Pellet Dies
Design and
Fabrication
21 22 23 24 11 12
Decon.
ad :
e a1 e caettirs kLl cieantag o weigningiol £7307 L clasding
an
e || Fabrication Loading] | 1 aceal. )
OOOB®
15
Test Test
weld Weld
fr e+ =25~ .26 -21 28 .o 18] .18 .20
Outer Outer Cladding Capsule Outer Capsule
Cladding Design and Cleaning e Weighingl=s \'< Sambiy [F] cladding Finishing[ "] SHiPment
Procurement Fabrication .
a7 19
Test Test
Woeld Weld
1. Dimenslon Measurements 6. Metallography 11. Decon. Smear Check
2. Dye Penetrant 7. lIsotopic Analysis 12, Radlation Mapping
3. Impurity Analysis 8. X-Ray Diffraction 13. Gamma Spectrometry
4. Density Determination ~ 9. Radlography 14, Calorimetry
'S. He Leak Check 10. Uitrasonic Testing




d) 1Inner cladding (taﬁtéluﬁ) encapsulation by
electron beam welding

e) Outer claddlng (Unitemp L-605 alloy) encapsu-
lation by electron beam weldlng

f) - Capsule finishing, i.e., decontamination, helium
leak check, dimensions, ultrasonic weld test,
‘radiation mapplng, gamma spectrometry, and
calorimetry.

The promethium processing is described in Section III B.

The inner and outer clad welds were accomplished by
e€lectron beam welding. Prior to welding, the tantalum inner
cladding was evaluated for: .

a) impurity analysis of tantalum.per Quality

-Assurance Procedure F

~ b) Dimensions and capsule integrity per Quallty
Assurance Procedure G

c) Smearable activity at weld area per Quality
' Assurance Procedure H

A inner clad test weld (No. 1) was fabricated prior to encapsu-
.lating the 47Pm,0, and was inspected to verify welding parameters,
weld penetration and capsule integrity per Quallty Assurance
~—-Procedure I. A photomicrograph of a typical inner clad weld is
stiown in Figure VI. The actual tantalum inner cladding weld was

evaluated per Quallty Assurance Procedure J for smearable contami-
nation, weld penetration, dimensions, leakage and radiation levels.
A post test inner clad weld (No. 2) was fabricated and inspected to
verify welding parameters, weld penetration and capsule 1ntegr1ty
per Quallty Assurance Procedure K.

Prior to weldlng, the Unltemp L-605 alloy outer clad-
dlng was evaluated for-.

~a). Chemical impurity analysis per Quality Assurance
Procedure L

b). Dimensions and capsule integrity per Quality
Assurance Procedure M

* Quality Assurance procedures appear in Appendix
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An outer clad test weld (No. 1) was fabrlcated prior to encapsu-
lating the tantalum inner capsule and was evaluated to verify
welding parameters, weld penetration and capsule integrity per
Quality Assurance Procedure N. A photomicrograph of a typical
outer clad weld is shown in Figure VII. The actual Unitemp L-605 .
alloy outer cladding weld was evaluated for smearable contamination
per Quality Assurance Procedure O and for weld penetration,
dimensions, leakage, radiation levels, gamma spectra, and heat
output per Quallty Assurance Procedure Q. The finished AMSA
capsule is shown in Figure VIII. A post test outer clad weld

(No. 2) was fabricated and evaluated to verify weld penetration,
weld parameters and capsule integrity per Quality Assurance’
Procedure P. The results of the final dimensional inspection are
reported in Quality Assurance Procedure R, ~

2. Heat Source Impact Tests

.Since the promethium-147 fuel capsule was flown in an
Air Force aircraft for the AMSA thermal preconditioner application,
Sandia Corporation conducted a three phase test program to evaluate
the impact resistance of the fuel capsule (Reference 3). 1In
Phase I, analogue capsules were impacted into granite targets to
~obtain- a preliminary evaluation of the critical capsule impact
attitude (the attitude resulting in rupture of the cladding at the
minimum impact velocity). Test results 1nd1cated that the 22% to
45 degree range was critical.

In Phase 1I, capsules of two designs, fabricated at

Battelle Northwest, were tested to compare the impact resistance of
the two designs and to obtain preliminary data about the critical

impact angle and velocity. The capsule design requiring the more
" complex fabrication process had no significant advantage over the
other design. The critical impact angle was found to be 45
degrees. Welding process problems 'and a requirement for improved
nondestructive testing techniques were indicated.

: In Phase I1I, flight quality capsules fabricated by
Battelle Northwest were 1mpacted to obtain additional data about

the critical impact attitude and velocity, and to compare the

capsule damage from impact into soil, concrete and granite targets.
Impacts of the bare capsule into 5011 and concrete targets at 185

to 200 percent of the experimentally determined sea level equilibrium
veloc1ty of approximately 340 ft/sec did not appear to significantly
impair the capsule fuel containment capablllty Capsule impacts
_into granite targets at impact attitudes of 35 to 55 degrees at
--approximately 85 percent of the experimentally determined sea level
.equilibrium velocity ruptured the capsule.

-10-
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The results of the impact test program indicate that
" the: capsule may reasonably be expected to provide fuel containment.
for all except the maost advesse impact conditions.  The impact
resistance of the AMSA fuel capsule has been presented to describe
its rugged design. The actual test enviromments for the cathode
heating program application is so much less severe than that
experienced in the impact program. As an additional safeguard,
Battelle Northwest is planning to perform non-destructive testing
of the AMSA capsule prior to delivery to GE/VESIC. This quality
'~ .assurance program which includes a helium leak check, smear check
ultrasonic weld inspection and radiography will insure that the
‘eapsule integrity has not changed as a result of the Air Force test

program.
3. Promethium-147 Fuel

1. .Promethium-147 Fuel Purification

Promethium-147 (half-life 2.62 years) is one of the rare
-€arth uranium-235 fission products which may be chtained by chemical
gseparation of spent reactor fuel utilizing a series of successive
precipitation processes (References 4 and 5).. Two major contaminants

e OF _Pm=147 are found:. Pm~146 (half-Ilife 5.5 years, Reference 6), and

Pm~148 (which has two isomers with half-lives of 5.4 days and 42 :
days)., After lag storage to allow for decay of the gamma emitting
Pm~148, the rare earth crude is further refined to isolate the
Pm~147 from its adjacent rare earth.nelgﬁbors and all other

impurities.

-Isolation of promethium from its adjacent rare earth
‘neighbors and all other impurities is accomplished by a displacement
--- ———~cation -exchange process- (Reference~7 Yy-utilizing 'an -ammonia buffered
solution of the complexing agent DTPA (DLEthylenetrlamlnepentaacetlc
acid) as the separating agent. The separation is conducted in a
“7-column ion-exchange facility, installed, together with associated
tanks, valves and ingtrumentation, in a heav11y shielded manlpulator
cell, The flowsheet and column arrangement is shown schematically in

Figure IX.

-With the very high Ce-144 and Eu-154 decontamination
factors achieved in the ion-exchange process, pure promethium does not
require extensive shielding for the final conversion to treated oxide.
..Ihe promethium product solution is therefore collected as it flows
from the final purification column and transferred to the lightly
shielded glove box facilities for oxide conversion. The radiochemical

ceeeee—purity of the Pm~147 is verified per Quality Assurance Procedure A.

-13-
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- The ox1de converSLOn chemlstry process con31sts of the

follow1ng operatlons- . I

_ a. Vacuum transfer of up to 9 liters of promethium
produce solution (»«45 gms Pm) from the purification facility to a -
‘glass prec1p1tator in the glove box, -

. o . o o
b. Heating of the promethium solution to 80 C via a
steam coil in the precipitator and simultaneous sparging,

c. Vacuum addition of suff1c1ent oxalic acid (as a
slurry) to ensure complete precipitation of the promethium as
oxalate, :

d. A 30 minute digestion period followed by cooling
to 25°C (cooling water through the coil) to promote growth of large
crystals and lower solubility,

e. A double wash by the decantation of the precipitate
to remove traces of stainless steel corrosion products acquired during
storage in the steel product storage tanss,

) f. Slurry transfer of the precipitate to a quartz filter
tube containing a quartz frit at the bottom,

g. Insertion of the loaded filter tube into a vertlcally
mounted tube furnace followed by an 8-hour heating cycle at 1100°C to
convert the oxalate precipitate to Pm,05.

h. A special oxide treatment step consisting of &4 hours
at 1100°C with oxygen flowing up through the filter tube and contents
at a slow rate, followed by a similar treatment with 6% hydrogen-94%
argon to ensure removal of final traces of bound CO2 and yield a
Pm203 product slightly deficient in oxygen.

Radiochemical analysis, corrected to October 1, 1967
indicated that the Pmy0, capsule contained: :

Pm-147 168,100 Ci

Pm-146  0.0756 Ci max.

Pm-146 _ -6
B 147 Q .25 + 0. 2 x 107° ci/ci
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Pm-148m  0.00302 Ci max.

Pm-148 _ A . s
—="2 — 0,04 Ci/C
Pm-146 = i/ F

Eu-154 504 4t Ci

Eu-154 _ -9
——TAT 3.0x 10 Cl/Cl

Ce-144 - 168 aL Ci max.

Ce-144 -9
Pm-147 < 107 Cci/Ci

Figures X, XI and XII indicate the radioactive decay of the above
isotopes. :

The samarium-147 daughter constituted the principal

“dimpurity. Spectrographic analysis, per Quality Assurance Procedure B

indicated impurities to be less than 17 other than samarium X-ray
diffraction analysis per Quality Assurance Procedure C, confirmed the
crystal structure of the Pm,05 to be 100% monoclinic.

2. Preparation of Pm,0, Pellets

At the time the AMSA capsule was fabricated, the technology
was not sufflclently advanced to permit the fabrication of the large
147Pm20 pellet in one piece. Therefore, this capsule contains three
pieces; the semi-dome ends are separate pieces from the central
cylindrical section. This in no way affects the heat generation
or integrity of the capsule,

After pressing to 75 to 80% of theoretical density but pric
to sintering, the fuel pellets were inspected per Quality Assurance
Procedure D for dimensions and ‘density. After sintering the pellets
were again inspected for dimensions and density per Quality
Assurance Procedure E. -

16—
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. 3. Calorimetry

The ‘thermal output of the doubly clad 147Pm20 capsule
was determined by calorimetric measurements. The thermal power was
. measured at 60.3 watts on October 1, 1967.

Flgure XIII illustrates the thermal decay of the AMSA
Pm-147 capsule, Theé decay curve represents the decay of Pm-147,
whereas, the thermal power of the capsule includes the act1v1t1es of
Pm-146, Pm-148m, Ce-144 and Eu-154, each with their own decay _
characteristics. However, the small amounts of these contaminants
(Section III-B-1, Promethium-147 Fuel Purification) will not affect
the curve of Figure XIII to any noticeable degree. For example, the
thermal activity of all the contaminants combined will not amount to
the 0.2 watts of calorimeter thermal power tolerance.

4, Properties of Pm-147 Fuel

The properties shown in Table I of promethium-147 fuel -
were obtained from reference 9 unless otherwise indicated.

'Table I. Properties of Pm-147 Oxide fuel

Nuclear Properties

Half-Life . Pm-147 2.620 + 0,005 yr.
Pm-146 5.5 yr (6)
Pm-148m 42 days
Pm-148 5.4 days

Specific Activity 928.4 + 1.7 Ci/g of Pm-147 .

Heat Generation 0.3330 + 0.0005 w/g of Pm-~147 .

0.3587 + 0.0010 w/k Ci of Pm-147
2788 + 8 Ci of Pm-147/w

Radiation Properties Pm-147 - 0.225 MeV beta (100%)
‘ : ' 0.12 MeV gamma (0.003%)
0 to 0.225 MeV
bremsstrahlung
Pm-146 0.78 MeV beta (35%)
0.45 MeV gamma (65%)
0.75 MeV gamma (65%)

Maximum Permissible For continuous exposure, Zéx 1078
Concentration in Air M Ci/ml or tenfold lower by federal
regulation,

7N



- Table I (Continued)

Physical Properties Pm-147 Oxide

Density g/dm3
Promethium Content wt.%
Power Density, W/cm3
Specific Power, W/g
Melting Point, °C
Heat of Formation,
K cal/mole
Heat Capacity,
cal/mole-°C
Thermal Conductivity,
cal/sec-cm®C
Thermal Expansion
Coefficient
Vapor Pressure

7.3

86 -
2.09
0.286
2270 -
-432

(28.99 +
l0.0045 +
L -

9 x 1076

(logyp P

et — e e ame ¢ . s i L. . e e ——— — ot

-21-

0.00576 T - 415,900/T2)
1:.414 x 1078 (1020 - T)%]

= 15.62 - 39,800/T)
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IV. AMSA CAPSULE SHIPMENT '

The AMSA capsule will be Shlpped from Battelle Northwes{ ‘to
GE/VFSTC and back by the AEC/Richland Operations Office in a
Department of TransPortatlon (DOT) approved shlpplng container.

The DOT permit no. is SP 4951. The shipping drum is shown in

Figure XIV with the cover removed. The internal bird cage structure
supports a sealed 2R container which holds the fuel capsule (See
Figure XV). Temperatures measured at various locations throughout
the shipping container, after the capsule was held in it for 64 hours
are shown in Figures XVI and XVII. These temperatures will be lower
when received at GE/VFSTC because of the radioactive decay of Pm-147
to about 807 of that measured in October 1967.

V. TEST FACILITY

The receipt, storage and testing of the promethium-147 fuel
capsule will be performed within the RTG Storage Building at GE/
Valley Forge Space Technology Center. An artist sketch of the
facility is shown in Figure XVIII.

The building.is constructed of one-foot thick solid concrete

-—---block walls with two inch thick masonite doors to provide shielding.

The facility is surrounded by an eight-foot cyclone fence 21 feet
from the building for security and for enclosing the radiation area.

An alarm system for alpha airborne radiation, security and
ventilation of RTG heat generation is provided. The ventilation
blower exhausts the room air through an absolute filter. The room is
maintained at a slight negative pressure at all times to contain
radioactive contamination in the event of an accidental release, All
-internal surfaces of the facility are covered with a non-porous,
strippable coating -to facilitate. decontamination, if necessary. The
building- drains are piped to a 500 gallon retention tank in the event
that decontamlnatlon be required.

In addition to the 11 by 24 foot storage area, a shielded work

area of the same size is available, A two ton hoist and monorail is
used to transfer shipping casks contalnlng fuel capsules from a truck
to the storage area. : :

The building has been in use since February 1968 fbr'storage

-~ ....and acceptance testing of SNAP-19 and SNAP-27 fuel capsules. The

building plans and specifications have been reviewed and approved by
the Operational Safety Division of the AEC Albuquerque- Operations
Office.
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2R CONTAINER AND INNER HOLDING FIXTURE ASSEMBLY.
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" OF AMSA CAPSULE SHIPPING DRU

AN feadihgs with barrel closed, or taken immediately on opening,
~ after standing at room’ temperature for 64 hqurs. 10/30/67

" Qutside surface of drum

temp. = 75°-80° F i 55 Gallon Drum
P : & ‘
- 5 Center o
: ! L Top Lid
| . . ' L ]3 mr/hl"
. Lid - A
?
i )
- E Birdcage Container 5-10 mr
. " Near To
e SRR N . lLlds - |
i I . with L1d A removed .
S { P SR . Surface temp. 100-105 °F "
e N 34 mr/hr.
B . ; i
.—:- :- : ]05_1]00 .F Center
HJWUE~ "ﬁo'pr/hr o 20-28
g &
Pt '
.
. b
. " Inner sealed -~ . ?J:f AT Near b
e 2R Spec. container , -~ S L A .. 10-15 n
) Temp. in place with Lid B removed RN L : :
. Steel wool removed to make measurements ' -

. A 245-265 °F - 100 mr/hr.
B.- Side-230 °F - 180 mr/hr.
~C. 260 °F - 70 mr/hr. :
"D." Valve cap 215 °F.
upports - 200 °F. !

2
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T Figure XvII  JEMPERATURE AND RADIATION MEASURENENTS
’ 'OF AMSA CAPSULE 2R COHTAIMER

2R “inner’ conta1ner (sealed) removed from shipping drum after 64 hours Allowed to
Stand 30 min. 1n air - _room temp. - settlng on tab]e top (non-meta111c) 10/30/67 '

: 3 B - Surface - 230 °F 100 mr/h
; .. B - Surface - 200 °F 180 mr/h
i . .~ C - Surface - 225 °F 70 mr/h
; | ."D - Valve caps - 140 °F
Yo I E - Supports - 135 °F
! co! AMSA - 60 watt K '
ﬁ P capsule in Cu
' T chill block
. ; ' inside
: Pyl :
- P .
‘ o ;,': .l Lo . ‘ R
f After 2R spec. container opened, inmediately after above measurements were made °
v . e L . SRR
.E....;.-.t. -.NOTES. v T L ': Lot vy 7 o
H ! ) { ! [ , ,' ° , -';'
Q°"§"*7T“‘l., Temp. top of copper bTock 245 °F, - :
N 51de of copper, bTock 245 °F. . . P
' b i--'z i Rad1at1on field to hands in screw1ng eye boTt into top of ,
i 2 “;i.:f : c0pper bTock 220 wr/hr. b _ kR

: J"f' o :3 Temp. of ANSA capsuTe 1mmed1ate1y after remov1ng copper
T A A ch111 b]ock - 330:°F. .

P4, Temp. of AMSA capsule after sett1ng on céramic surface for
.¢,v he 1. itwo.hours in still room.temperature air 480 °F. -.
on v A ring gage 2. 005" dia.’ passed over capsule at- th1s point
BT ‘with min. interference - length = 1.,999" - wt. = 745.2 grams.
o 5 Rad1at1on = ]TOQ mr/hr w1th CP beta sh1eld in actual contact with
Stn capsuTe.' (uncorrected forvgeometry of cp chamber) '
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VI. . RADIOLOGICAL SAFETY PROGRAM - - -

- A, Radietion Dose Rates

‘The dose rates of the AMSA 147Pm 0, capsule were measured
at twelve and eighteen inches from the surfgce contour on October 9,
1967 and are shown on Figure XIX. Radiation measurements at
different locations on the shipping drum and on the 2R inner container
are shown in Figures XVI and XVII respectively. These values should
be reduced by a factor of about 0.8 to account for the Pm-147 decay
from October 1967 to July 1968 when the capsule will be tested at
GE/VFSTC. The radiation level should not exceed 6 mr/hr at 1 meter
from the center of the capsule when it is used at GE/VFSTC.

B. Radiological Controls and Procedures

The radiological protection plan for the radioisotope heating
of vacuum tube cathode program shall be in accordance w1th the two
-policies that govern;

. General Electric Company, Missile and Space Division
Policy on Safety No. 10.101
- U.~ S, Atomic Energy Commission Code of Federal
Regulatlons, 10CFR-20.

Thé MSD Health Physicist shall be de51gnated the Radiation Protection
Officer. His responsibilities are as follows: :

1. He shall conduct his operations in accordance with the
applicable Division policies and prov181ons of the AEC code of Federal
_ Regulations 1OCFR 20, e

2. He shall conduct such surveys as may be necessary for
him to ascertain that the policies of this program are being followed.

3. He shall inform the program manager of the exposure
status of each man who is occupationally exposed. This shall be done
at a frequency that is sufficient to allow the program manager to
establish timely preventive controls.

4. He shall maintain all records relating to environmental
and personnel exposure to radiation, contamination 1evels and airborne
concentrations of radioactive materlal

5. He shall inform management of any actual or potential

condition which he believes may result in needless or excessive
exposure to radiation.

-29-



' " 6. He shall be re3pon51ble for the maintenance and cali-
“bration of all radiation detection and measurement equipment and the
interpretation or evaluation of data derived therefrom.

7. He shall issue and. collect personnel d051meters used by
program personnel and visitors.

- 8. All liaison and correSpondence with regularory agencies
concerning radiological protection shall be coordinated by the
--Health Physicist.

9. He shall coordinate with Industr1al Securlty in estab-
lishing securlty emergency plans. :

10. He shall supervise all movements of the fuel capsule.

11, He shall instruct all persons who are occupationally
exposed to radiation in the safety problems associated with exposure
to radiation and radioactive materials.,

12, He shall review and épproﬁe all deteiled'test procedures
relatlng to the fuel capsule. :

The nuclear safety engineer shall directly supervise oper-
ations involving the radioisotope fuel capsule. His responsibilities
are as follows:

1. He shall be present during operations which involve
removal and insertion of the fuel capsule from the shipping container
and testing of the fuel capsule in the test fixture.

: 2. He shall review and evaluate nuclear safety aspects of
the test program and shall recommend any changes required to insure
safe operations. :

3. He shall integrate test plans with the Health Physicist
safety procedures, such that the engineering test data obtained during
test operations, as well as the radiological protection of test
personnel and of the test area, are not compromised.

4, He shall prepare the material required for application
: for byproduct material license from the AEC and for approval of IRAG
.——(GE Ionizing Radiation Advisory Group). S

5. He shall prepare fuel capsule operating and handling
- -procedures. '
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- 6. He shall prepare with the Health Phy51c1st detalled
_ procedures to be followed in the event of a rad1010g1ca1 emergency.’

The operations with the promethium-147 fuel capsule at
GE/Valley Forge Space Technology Center will all be conducted in the
RTG Storage Building (Building 800). These operations involve
receipt, storage, testing and shipment. The radiological safety pro-
‘cedures for each operation is covered in the following sections. '
Film badges will be required for all personnel who enter Building 800.

The 147P 0, AMSA capsule design, impact test results, and
fabrication quality assurance program have demonstrated that isotope
containment within the capsule can be assumed. However, whenever a
radioisotope source is unpackaged or handled, regardless of the known
integrity of the capsule, it is common practice to perform smear and
airborne activity tests to guard against the remote possibility that
leakage from the capsule has occurred.

1. Receipt

The Health Physicist and Nuclear Safety Engineer shall
‘be present at the time of receipt, The Health Physicist shall obtain
_..wipe samples_from the surface of the shipping container and shall
count the samples for beta activity (PC-3T proportional counter or
-equivalent).

2. Storage

The promethium-147 fuel capsule shall be stored for
. approx1mate1y a one-month perlod (Mid July to mid August 1968) in
its shipping container and in the RTG Storage Building (Building 800).

~ == ~™—This storage building is a secure area since all-doors are locked and

alarmed and the gate is locked.  Access to the building is controlled
by security. During storage in Building 800, the following conditions

--—ghall apply:

—— sy @y e

a. The shipping container the promethium-147 fuel capsule
shall be posted with a durgble, clearly visible label bearing the
radiation caution symbol and the words CAUTION RADIOACTIVE MATERIAL
PROMETHIUM-147 168, 100 CURIES ON OCTOBER 1, 1967.

b. The Health Physicist shall perform a periodic check
(three to five times a week) on the stored shipping container. This
shall include wipe samples from the surface of the shipping container
~ which will be assayed for beta act1v1ty.. (PC-3T proportional counter
_or_equivalent). :



-¢. The Health Physicist shall de51gnate, that floor
enveloped, inside of which personnel shall monitor and record time of
operation. Time within this radiation area shall be identified with a
person's full name, pay and social security numbers in the log book.

3. Testing

The actual test of utilizing the prometh1um-147 fuel
capsule to heat the cathode of the vacuum tube triode shall be con-
"ducted in Building 800. It is presently planned that the demonstration
test shall be completed within an eight hour period. During the time
that the promethium-147 fuel capsule is outside its shipping container,
the Health Physicist and Nuclear Safety Engineer shall be in attend-
ance, The radiological procedures for the testing shall be as
follows:

a, While the promethium-147 fuel capsule is being removed
from the shipping container and is being installed in the test fixture,
access to the test area shall be limited to only the Health Physicist
and test personnel directly involved with the test,

b. The test pérsonnel shall be sﬁpplied film badges,
dosimeters and wrist film badges as required by the Health Physicist.

c. Before describing fuel capsule removal operations,
-details of the shipping container are in order. (See Figures XVI and
XVII) The shipping container is constructed of two concentric
cylinders, both airtight. The outer cylinder is the gamma shielding
member plus a secondary physical barrier to possible escaped radio-
isotope. The inner cylinder (of stainless steel) is the primary
radioisotope capsule's physical barrier and is constructed to
facilitate removal of the promethium-147 capsule in a safe manner.

d. Perform a radioactive wipe survey of the outside of
the drum containing the AMSA capsule, :

- e, Remove the cover of the drum and take a smear sample
from the drum interior. Obtain dose rate readings at various distances,

£f. Remove the cover of the bird cage container inside
the drum, using the 3/8" T-handle Allen wrench, and take smear samples
from the contents. -

‘g, Prior to removal of valve caps on 2R container,
ascertain that valves are closed. Remove the valve caps using
Channelok adjustable pliers. Obtain wipe samples from internal sur-

—face of valve caps. :
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_ﬂh.--Attach air monitor to one valve and an absolute _
filter to the other. OQpen both valves and obtain a five minute air
sample and analyze for beta activity. If the wipe ¢hecks and air
activity are within background levels, the 2R container shall be
lifted from the birdcage and moved to the test fixture assembly area.

i. Prlor to handllng the prometh1um-l&7 fuel ‘capsule, all
test personnel shall be specially trained and drilled in performing
the test operations. Dry runs utilizing the electrical simulator
shall be conducted prior to promethium-147 fuel capsule testing. This
shall insure that test personnel shall handle the fuel capsule in a
safe manner and shall minimize radiation exposure to these personnel.

e Remove the cover of the 2R container and take wipe
tests of its contents.

k. Attach handle and pusher rod to the inner holding
fixture and remove same from the 2R container.

1. - Remove spring tension from capsule by withdrawing
pusher rod and rotating it 90 degrees.

m. "~ Screw eye bolt into top half of inner holding fixture.

n. Remove the two screws holding top half of inner
fixture in place, using 3/16" Allen wrench.

. o. Remove top half of inner fixture, using conventional
tongs, exposing capsule to view. :

_M'p. Take wipe samples of capsule surface.

q. Remove the fuel capsule from the inner shipping con-
tainer and insert it into the copper heat block using the handling
tongs shown in Figure XX, :

r. The test fixture assembly shall be completed in such
a manner that radiation exposure shall be minimized. Dry runs using
the electrical simulator shall be used to estimate expected personnel
radiation exposure and shall be evaluated to determine whether test
operations may be modified to minimize radiation exposure.

. -~ —-g;~The: promethium-147 fuel capsule shall be sealed in
the test fixture and operated under a vacuum. The vacuum system
exhaust shall be discharged through an absolute filter, The fuel
capsule temperature shall be carefully monitored during the test and
shall not be allowed to exceed 1800°F which 1s well above expected
‘“test conditions of 1400°F maximum.
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Figure XX
SPECIAL TONGS FOR GRASPING AMSA CAPSULE




oy y—

..-t. - After the fuel capsule is sealed in the test fixture
and the system is under a vacuum, visitors shall be permitted to
witness the test behind a roped off area,

u. During the test, the Health Physicist shall moni tor
the airborne beta activity 1evels and obtain w1pe samplesoof the test
fixture.

v. At the completion of the test, the test fixture shall
be sampled for airborne beta contamination prior to opening the system.
The test fixture housing shall have two sampling valves. One valve.
shall be connected to the air sampling equipment while the other
valve shall be connected to an absolute filter,

w. If the test fixture sample does not indicate the
presence of contamination, the disassembly operation can proceed. At
this point, only the Health Physicist, Nuclear Safety Englneer and
test personnel shall have access to the test area.

X, The test fixture shall .be cooled down by purging
an inert gas through the system and discharging the gas through an
absolute filter. After the fuel capsule is cooled down to a tempera-

“““turé“that will permit safe handling, the gas purge shall be secured . -

and the absolute filter checked for beta contamination.

_ y. The test fixture shall be disassembled and the fuel
capsule inserted and sealed in the shipping container. The internal
surfaces of the test fixture shall be wiped for beta contamination
analysis. :

: 2. The sealed shipping container surface shall be

. surveyed by wipe samples for beta contamination. The Health Physicist
shall measure and record the gamma exposure rates at the surface and
1 meter from the center of the shipping container. The radiation
levels shall not exceed 10 CFR-71 AEC regulations (Reference 10) of

surface 200 mr/hr
1 meter~from center 10 mr/hr
aa., On the basis of the results of all radiation
measurements, the Health Phy31c1st shall inform the test conductor

that the shipping container is released for shipment.

C. .Emergencv Plan

An emergency is defined as a release of potentially hazardous
amounts of promethium-147 from the fuel capsule.
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.-The. .emergency will be divided into two parts, Phase I and.
Phase II. Phase I will consist of the emergency, the response of’
the personnel in the immediate area, notification of the guard,
notification of the Phase I emergency team, their evaluation of the
extent of the emergency and notification of .the Phase II emergency
team. Phase II will consist of all: further actions taken to control
the emergency and minimize its effects.

1.  Phase I

a, Personnel in Immediate Area

1) Evacuate

The primary response to any emergency is for an
individual to hold his breath and evacuate the area as rapidly as
possible, Proceed far enough away to be out of any plume (i.e., at
least 50 yards upwind).

2) Contain

All doors in Building 800 will be closed. The
" 'ventilation 'system containing an absolute filter will be in operation
and will provide a slightly reduced pressure in the building to

minimize the outflow of contamination. WNo attempt at time consuming
jobs should be taken at this time. '

3) Notify
Dial AFIRE and notify guard
a) who is céiling
b) 'nature of emergency
¢) location of emergency

4) Contamination Control

. Avoid the spread of contamination by remaining

in one area until a Health Physicis check can be made. Those who have
to move should check for personnel contamination on a hand and foot
monltor. -
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__5) -Phase 1T Instructions

Personnel in the area should take no further
actlon unt11 instructed by Phase II Emergency Team.

h. Patrolman

1) Notify

- Upon receipt of emergency, either by phone or by
alarm from Building 800, the guard will call all personnel on the
‘Phase 1 Emergency Team. He will inform them of all information.

2) TFurther Responsibilities

The guard may be instructed by Phase 1 personnel

“to:
: a) Go to Building 800 to assure all doors are
-~ closed, '
, b) Keep all unauthorized personnel from hazard
— ..-.—-._._—-.area. PR C e - PP © e ea - - - . ’

c) Assist personnel in area.

3) Phase II Instructions

Upon notification by the Phase I emergency team,
the guard will call all personnel. listed for the Phase II emergency
team. He will inform them as instructed by the Phase I team.

: The patrol should then be available for further
. duties as instructed by the Phase II emergency team. '

c. Phase I Emergency Team

1) Immediate Response

. Upon notification, instruct the guard what -
additional precautions are necessary. Proceed to VFSTC as quickly as
p0531b1e.

2) Evaluate the extent of the emergency.

The-following steps should be taken to evaluate
the extent of the emergency.

a) Survey a11 personnel who were in the immed-
Wiate area. Question them -as to the events of the emergency and
subsequent actions. Instruct them in personnel decontamination -
procedures if necessary. = -38- '



: . —b) -Survey the area out51de of the contalnment
and set up contamvnatvon zones, 1if necessary.

c) Enter hazard area using proper contamlnatlon
procedures (protective clothing, supplied air, buddy system, etc.).
Survey the area and make visual observations.

: d) Recommend subsequent actions that may be
needed 1mmed1ate1y (i.e., possible double containment area
evacuation, etec. )

e) Notify guard to call in Phase II personnel.

3) Phase II Instructions
Await the arrival of Phase II emergency team
before attempting large scale actions. Advise Phase II personnel upon
their arrival of the situation and survey results.

d. Phase 1I Emergency Team

1) Responsibilities

The Phase II Emergency Team will have the
following general responsibilities:

a) Care of exposed personnel This will include

personnel decontamination, medical attention, and urinalysis.

b) Minimize hazard. Actions may have to be
taken to provide better containment of the contamination. '

¢) Decontamination. Actions will have to be
taken to decontaminate all contaminated equipment and areas.

d) Evaluate the extent of the emergency. This
will include soil and water samples, vegetation samples, and air
samples both off site and on site. It might also entail extensive
personnel monitoring. ' '

e) Notification and public relations. This will

include notifying GE management, State Department of Health, and AEC.

It will also include press releases and brleflng of all affected
personnel. o -
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: - -—f) - Disposal of Source. This will include
coordination. w1th AEC, containing the source for shipment and actual
shipment.

D. Training

The fest personnel shall obtain on-the-Job tralnlng to insure
safe handling of the prometh1um-147 fuel capsule and to minimize
radiation exposure.. Dfy runs shall be conducted wWith the electrical
simulator to train the test personnel on safe handllng procedures,
During these ary funs, thé Health Phys1c1st shall instruct the per-’
sonnel concefning the reéasons for the precautlons that must be
adhered to and thé Yesponse to an émergency situation. The dry runs
shall be used to evaluate the test procedures to ascertaln that all

.- -

radiation exposure,
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APPENDIX

QUALITY ASSURANCE PROCEDURES
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Quality Assurance Procedure A

Pm203 AMSA Capsule

Procedure

Radiochemical Purity Analysis

Step Nos. on Figure V

1-7

Location of Step in Process Flow

After Promethium-147 purification

Type of Test

Radiochemical

Reason for Test or Inspection

To verify Promethium~-147 is within specification limits

Design Specifications or Limits

Less than 0.25 ppm 146Pm' curie ratio of 148 Pm/146 Pm 1ess
than 0.1; 194Eu, l44Ce none detectable.“"

* This limit for 154Eu and 1%44Ce was erroneously placed in
process de31§n specifications, _Limit should have been_a curie
ratio of 10~/ curie/curie of 147pm for both 154Eu and 14 Ce,-

" corresponding to the maximum quantities permissable without

" causing shielding requirements more restrictive than that
caused by the 148Pm present,
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Quality Assurance Procedure B’

Pm203 AMSA Capsule

Procedure

Spectrographic Analysis °

‘Step Nos. on Figpre'V

2-7

Location of Step in Process Flow

Oxide conversion and heat treatment

Type of Test

Emission spectrography

Reason for Test or Inspection

To verify oxide is within specification limits

" Design Specifications or Limits

Less than 1% other than Sm.

bty



Quality Assurance Procedure C

"Pmy0, AMSA Cap sule

Procedure

Analysis of 147Pm203

§tép.-Nos. on Figure V

5.8

Ifocation of Step in Pfrocess Flow

After oxide convérsion and calcination

-

" rYpe-of Test

X-ray diffraction @nalysis

Reason for Test or Inspectioh

To confirm 147Pm203 used is in the monoclinic crystallographic
form

Pesign Specifications or Limits

‘Monoclinic form



"Quality Assurance Procedure D

' Pm,0, AMSA Capsule

3

Procedure

147Pm203 pellet inspection

Step Nos. on Ficure V

8-1
8-4

Location of Step in Process Flow

- After cold pressing

Type of Test

Dimension check

Reason for Test or Inspection

To determine that pellets are proper size to obtain length
to diameter ratio needed after sintering

Design Specifications or Limits

As preséed - 75-80% of theoretical density -
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Quality Assurance Procedure E

Pm203-AM$A-Cap§ule

Procedure

147Pm203 pellet inspéction

Step Nos. on Figure V

9-1
9-4

Location of Step in Process Flow

After sintering

Type of Test

Density calculation

Reason for Test or Inspection

After sintering to verify final density to assemble in
cladding and meet wattage requirements -

Design Spec1f1catlons or Limits

As sintered OD 1.450 max.; 1ength 1.450" max.
dome radii 0.36" R.
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Quality Assurance Procedure F

Pm203 AMSA Capsule

Procedure

Tantalum Inner Cladding Evaluation

Step Nos. on Figure V

21-3

Location of Step in Process Flow

Raw material

. —.__Type of Test

Impurity analysis

Reason for Test or Inspection

To verify purity of inner cladding

Design Specifications or Limits

" '99,9% minimum purity

. . -48" . B ey ey
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Quality Assurance Procedure G

" Pm, 0

203 AMSA Capsule

Procedure

Tantalum Inner'Cladding Evaluation

Step Nos. on Figure V

Location of Step in Process Flow

After capsule fabrication

Type of Test

Dimensional checks and dye penetrant test

Reason for Test or Inspection

To verify dimensions and capsule integrity

Design Specifications or Limits

All irregularities will be feported, dimensions in accordance
with drawing H-3-27668. Bleed back from penetrant will require
further investigation. ' ' S
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Quality}Aésurance Procedure H

- PmyO, AMSA Capsule

3

Procedure

- Tantalum Inner Cladding Evaluation

Step Nos. on Figure V'

11-11

Location of Step in Process Flow

After pellet loading.

Type of Test

Decontamination smear test.

Reason for Test or Inspection

To verify that outer surface of cladding is free of
smearable 147Pm203, prevent weld contamination.

Design Specifications or Limits

Non-smearable,
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‘Quality Assurance Procedure I

~ Pmy0, AMSA Capsule

Procedure

Tantalum Inner Cladding Test Weld No. 1

.Step Nos. on Figure V

13-5
13-10
13-6.

Location of Step in Process Flow -

After test weld.

Type of Test

Helium leak test, ultrasonic weld evaluation and metallography.

Reason for Test or Inspection

To verlfy WEIdlng parameter and weld penetratlon, capsule-"““
integrlty. _

Design Specifications or Limits

Leak rate less than 1070 std atm cc/sec; 50% minimum weld
penetration as determined by ultrasonlc test and confirmed
by metallography.
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Quality Assurance Procedure J

' Pm203 AMSA Capéule

Procedure

Tantalum Inner Cladding Evaluation

Step Nos. on Figure V

14-11
14-12
14-1
14-5.
14-10

Location of Step in Process Flow

After inner capsule welding.

Type of Test

Decontamination, dimensions, helium leak test, ultrasonic
test and radiation mapping.
- Reason for Test or Inspection -

147Pm O, free; to make outer capsule assembly; insure weld
closure; determine weld penetration; determine radiation field.

Design Specifications or Limits

Non- smearab1é° to meet draw1ng H- 3.27668 leak rate less than’
106 std atm cc/sec' 50% minimum weld penetratlon, less than
30 mr/hr at one meter. -
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Quality Assurance Procedure K

Pm,0, AMSA: Capsule

3

Procedure

" Tantalum Inner Cladding Test Weld No. 2

Step Nos. on Figure V

15-5
15-10
15-6

Location of Step in Process Flow

- After test weld.

Type of Test -

Helium leak test, ultrasonic weld evaluation and metallography.

Reason for Test or Inspection

' To verify welding parameter and weld penetration, capsule
. integrity. :

Design Specifications or Limits

Leak Rate less than 10~° std atm cc/sec; 50% minimum weld
penetration as determined by ultrasonic test and confirmed
by metallography.
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Quality Assurance Procedurée L

Pm,0 AMSA4Capsu1e

3

Procedure

" L-605 Alloy Outer Cladding Evaluation

Step Nos. on Figure V

25-3

Location of Step in Process Flow

Raw material.

Type of Test

Chemical impurity analysis.

- Reason for Test or Inspection

_To confirm chemical content of alloy.

Design Specifications or Limits

To be from same heat as stock used for corrosion and
physical test. -
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Quality Assurance Procedure M

PmZO3 AMSA Capsule

. Procedure

L-605 Alloy Outer Cladding Evaluation

Step Nos. on Figure V

Location of Step in Process Flow -

After outer cladding fabrication.

Type of Test

Dimension check and dye penetrant.

Reason for Test or Inspection

To verify dimensions and capsule integrity.

Design Specifications or Limits

Dimensions in accordance with drawing H-3-27669; any bleed
back indications will require additional investigation or
rejection.
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Quality Assurance Procedure N

Pmo0, AMSA Capsule

3

‘"Procedure

L-605 Alloy Outer Cladding Evaluation Test Weld No. 1

Step Nds. on Figure V

17-5
17-10
17-6

Location of Step in Process Flow

After test weld.

Type of Test

Helium leak test, ultrasonic weld evaluation and metallography.

"Reason for Test or Inspection

To verify welding conditions.

Design Specifications or Limits

Leak rate less than 107° std atm cc/sec; 85% minimum weld
penetration, weld voids 0.015" maximum magnitude limited to
one per quadrant, confirmed by metallography. '



Quality'Assurance Procedure O

Pm,0, AMSA Capsule

3

Procedure

L-605 Alloy Outer Cladding Evaluation

Step Nos. on Figure V

18-11

Location of Step in Process Flow

After assembly and. final welding.

Type of Test

" Decontamination smear test.

Reason for Test or Inspection

To verify outer capsule as welded; free of smearable

Design Specifications or Limits

Non-smearable.

57~
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Quality Assurance Procedure P

Pm 03 AMSA Capsule

Procedure

L=605 Aiiéy Outer Cladding Evaluation Test Weld No. 2

Step Nos..on Figire V

19-5
19-10
19=6

o —

AFEsY E8SE weld.

Type of .TEsE

Hélium 1éak tést, ultrasonic weld evaluation, metallography.

Reason. for_Tast.o¥ .Inspection
To vérify wélding conditions.

-Po

Desien Spécifications or Limits

Leak . raté 1ess than 1070 std atm cc/sec; 85% minimum weld
penetratxon, weld voids 0.015" maximum magnitude limited
to oné pér quadrant, confirmed by metallography.
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| Quality.Assurance Procedure Q.

AMSA Capsule

0
Pmy0s

Procedure

Final Inspection

Step Nos. on Figure V

20-11
20-5
-20~1
20-10 ' —_
20-12
20~13
PR, - - . . . 20-14 - ) - e .- S e Saeme v re e

Location of Step in Process Flow

After final finishing.

Type of Test . I

Decontamination, helium leak test, dimensions, ultrasonic
weld test, radiation mapping, gamma spectrometry, calorimetry.

Reason for Test or Inspection
147Pm 0,4 free, confirm weld integrity, to fit preconditioner;

radia%ion integrity; radiation spectrum; to establish actual
heat output. - ‘

Design Specifications or Limits

Non-smearable; leak rate less than 1070 std atm cc/sec.;

- 85% minimum weld penetration, detect weld voids, one per
quadrant of 0.015" diameter permitted; less than 30 mr/hr
at one meter; 65 watts on July 1, 1967, -



Quality Assurance Procedure R .

Pm203 AMSA Capsule

Type of Test

"Final Dimensional Inspection 20-5

Identification.of Part Tested

Final outer assembly capsule no. 44, welded, with excess weld
bead removed.

Time and ?lace of Test

10/9/67, 325 Building, 300 Area .

Equipment Identification

Dial type calipers. : -

Brief Description of Test Method

Not applicable,

'mCéiibratibn_Standards Used

Calipers checked before and after use with known standards.
Tolerances are + 0,001" unless otherwise noted,

Test Results

1} "
$:005m Diameter X 1388 |
This dimensional test was made after capsule was placed on
ceramic brick for a period of 2 hours and temperature was
recorded at 480°F. Ring gage, (GO gage) 2.005" I,D., furnished
by AC Electronics per sketch SK-51222 passed over the capsule
when fitted cold to the "hot" capsule.

Length

Checked by N, C. Davis - D, W, Brite

0.645 inch radius at each end.

- : s ‘
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GENERAL &2

COMPANY

MISSILE AND

SPACE DIVISION
VALLEY FORGE SPACE TECHNOLOGY CENTER {MAIL: P. O. BOX 8555 PHILA., PA. 19101} .. TEL. 962-2000

April 22, 1968

Mr. Robert Brinkman

U. S. Atomic Energy Commission
Isotopes Branch

Washington, D. C. 20545

Dear Mr. Brinkman:

Request that Condition 13 of Byproduct Material License
Number 37-2006~05 be ammended to read as follows:

Individual users or supervisors of workers using radio-
active materials must be approved by the Ionizing Radiation
Advisory Group (IRAG). The members of the IRAG include:

Chairman - T. P. Handley - Manager, Safety, Security and
Plant Protection
Secretary - R. 0. McClintock - Health Physicist
Member - Dr. S. Gottlieb - Manager, Medical Services or
Dr. R. J. Panaro - Physician

The minimium technical qualifications for Supervisory personnel
for radioactive material include U. S. Department of Health,
Education and Welfare course in Basic Radiological Health or
equivalent, supervisory responsibility at GE and past experience
in handling radioactive materials.

Request that R. 0. McClintock be cited as Radiation Pro-

tection officer for the license in place of Mr. E. R. Harris.
Mr. McClintock's qualifications and background are attached.

Very truly yours,

oot 0 S i

Robert 0. McClintock

ﬂDﬂﬂﬂﬂﬂjﬁaB ‘ Health Physicist
. T/E Room M1020, Valley Forge

FOR DIV. OF CoitpLipjige Bxt. 2-5926

/mlh

ELECTRIC e

(]
I~a

e

2




e

Attachment #1

Robert 0. McClintock

EDUCATION:

B. S. in Physics - College of William & Mary 1957

M. S. in Radiological Physics - University of Rochester 1958
(A.E.C. fellowship)

EXPERIENCE:

1958 - 1960

1960 - 1967

1967 -
Present

Health Physics Shift Engineer - Covered Health Physics
activities during shift hours at the Westinghouse
Testing Reactor. Was responsible for radiation and
contamination surveys.

Health Physicist - Was responsible for all Health Physics
activities at the Brookhaven Graphite Research Reactor
and the High Flux Beam Reactor. Supervised staff of
seven and was involved in waste disposal, environmental
monitoring, tritium control and all other Health Physics

activities.

Health Physicist - Responsible for all Health Physics
activities at General Electric Missile and Space
Division. Current projects include SNAP 19 and 27
Radiosotope Thermoelectric Generators.

 Health Physics Certification .- American Board oi’ Health Physics 1966
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Application For Byproduct Material License. : "~ Page 2

8. Type of Training
a. University of Rochester and Brookhaven Nat'l Lab.

b. "

9. Experience With Radiation

Isotope Max. Amount Experience Duration| Type ofiUse
m.f.p. Brookhaven 7 years | Fission product from
Nat‘l Lab. : Reactor fuel
Tritium 103¢ci. " 3 years | Reactor Coolant
all isotopes| C amounts " 7 years | Activation product
Pu 238 >10,000 C GE Co. ' 1 year SNAP RTG
all isotopes| mc amounts A 1 year | Isotope usage
D)
Ulggs




