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ION IMPLANTATION OF KRYPTON IN 
SPUTTER DEPOSITED METAL MATRICES* 

Garth L. Tingey, E. D. McClanahan, and John F. Nesbitt 

.. . . . ' 

Krypton has been s~ccessfully trapped in an amorphous metal matrix 

by accelerating positively charged krypton ions toward a surface where 
.. 

the metal is being deposited. Stud{e~ have shbwn that krypton con-

centrations approaching 200 cm3 of Kr(STP)/cm3 of deposit tan be 

achieved in amorphous metal deposits under readily attainable sputtering 

conditions. Furthermore, the gas is incorporated in the matrix ~uch 

that release of the krypton is largely limited to high temperatures. 

For the iron and zirconium-based materials, release of krypton occurs 

at temperatures of from 700 to 1000°C. A very low release rate is 

.observed at lower temperatures but long-term, highly sensitive measure-

ments have shown that the total krypton released at 300°C would be 

less than 2% of that present during the first 10 years. 

The effect of the Kr-85 decay product, Rb-85, on the deposit 

properties is currently under investigation and preliminary data 

·reveal no significant effect on krypton release when the Rb con-

centration is limited to about 0.1 atom% of the solid. 

A preconceptional design of the facility and the sputtering 

apparatus will be presented along with cost estimates for this 

design. Much of the data to be presented is included in the 

following documents which have been cleared for release earlier: 

vJork supported by the Department of Energy under Contract DE-AE06-76RLO 1830. 
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CR!TERIA 

. e DESIGN, CONSTRUCTION AND OPERATION CONFORM TO 
.. < APPLICABLE FEDERAL, STATE AND LOCAL REGULATJOI\JS AND 

;=.,:.· .. : STANDARDS . . . '\;' .·. 

· o SITING- PORTION OF NUCLEAR FUEL REPROCESSING PLANT 

; ... · · e RADIATION PROTECTION - (ALARA) 

o PLANT- 30 YEARS, EQUIPMENT-15 YEARS USEFUL LIFE 

. ; :. ,._., ~ .... . ..... ~ -~·-· ... 

.-r-·'. / ·. _. 



PROCESS BASES 

:. <;.< ::;· .. ~·:i _.:··.< .. : i "r .. 

::·::·~: .. ·; .::;- :'::":.:'(.·.:<ji, ::,: ·. ·o OPERATE 24 HR/DAY AND 300 DAYS/\'EAR 
' . . ' . .. . . ·' . . ~ ; ' . . . ~· . : . . . ; 

. ~ .... -·:; . ~ ··-~~ .. ·: 

~ SERVICES PROVIDED FROM REPROCESSING PlANT 
• I 

' ·: 

. :: . Q) REMOTELY OPERATED PROCESS 
.. ,,. i ·.· . '. 

: ' 

o LIMITED ACCESS. TO CELLS 

~:. ·. . 
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BASE CASE 
SPUTTERED DEPOS~-r FOu1 ~(~~~rr-ror~J 
STOF~AGE OUTER SlEEVE 

12.7 mm 

12.7 mm 

: . ~ ; l ~ ... ' . . 
. , :.· ,_. 558.8 mm 

1t .• ; ~ ·' :: : ·• ''• • I ~· . : • 

·.:._: .. , .. 

' . ; . .' 

V'.rv-v-vv .........,t-__ _L C L 0 S E- 0 U T LAYER 

0.1 mm Ni 

1 1...-- 5.5 mm I<HYPTONATED 
DEPOSIT 

168.3 mm 00 x 3.18 mm WALL 
(6" PIPE) 
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, . .... ' , .. 

CASE 1-A 
TYPICAL SPU-fTERED DE~])OS~T ~=OR ~(RVPTON 
STORAGE INNER SlEEVE 

! . : .. ; 
:, : .. 

. • ' : ; ... ~ : I •' · .. 

. • :· i' .• : 

f, . 
' :'! . 

:ii· . 

·:.•: ··> .. :·:,,; .. ;-.:·_ ., -. ..---F-f"'T'"~---+----.-. 
··\:·:· ...... .-. ._.;!'( 

: " ,., ' r··. . . 
. . ~.. . . . : 

! ·. 

.: 508.0 mm 

'.•' .. 

12.7 mm 

12.7 mm 

. . . ' 

'· 

·, 

'' 

. ·. 

.. .' 
·' . 

CLOSE-OUT LAYER 
0.1 mm Ni 

, _ _....,10.0 mm KRYPTONATED 
DEPOSIT 

141.3 mm OD x 1.59 mm WALL 
(5" PIPE) 



85 Kr ENCAPSULATION FAC;LITY GENERAL 
ARRANGEMENT UPPER LEVEL 
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SERVICE GALLERY 
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PROCESS CONTROL GALLERY 

CONTROL 
ROOM 

1 o· x 2o· 

7 
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asl<r ENCAPSULATION FACILITY CASE 1-A 
GENERAL ARRANGEMENT LOWER LEVEL 

1------- 38' ------

30' 

' ' 
. I 

40' 

I 

·WET CASK 
LOAD 
AREA 

1 0' • 20' 

200 
STORAGE 
SPACES 

SERVOCE poe,NG -~ : 

·;·;.· 1 I DRY CASK 

SERVICE PIPING 

:- :':f,::. :' 'I i-; SUPeCV &SERVOCE ACCESS I L J !;g) LOAD AREA L L I 
·')(J·'---------~----?Z~ ~--------~1 ~-----__J 

,. ' GAS GAS ELECTRICAL SUPPLY & GEAR GAS GAS 

S & S ACCESS 

. . ~ 

·.;. 

' , PURIFICATION STORAGE STORAGE PURIFICATION 
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• M I·-· ······-·-·· 

·, : : COST BASES 
... 

·-::: ' 

·.: .. · .. ·"" 
. . .:; .. )~; .. , ~~ . . : . 

! ~ _: ·;.: .~ .. _.;:·_,, ·c, CClNSTRUCTION COSTS INCLUDE CONTINGENCY & INTEREST 

·, ·. o NO ANNUAL CAPITAL R-ECOVERY FACTORS WERE INCLUDED 

. . . . . . ~r·. 

•·. ·.' ··:: 
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, COST SUMMARY ($K) 

ION IMPLANTATION 500 psi BOTTLES 

50 YR 50 YR 
SPUTTERING-BASE CELL STORAGE-UNDERWATER ENCAPSULATION AIR STORAGE 

1 ':. ,, . 

. fACILITY .. 
.. i j •• : ,. \ 

EQUIPMENT'.· 
.·_ :. ~;~:: ~ ~ t;:.,. .... 

;.·': =1 
· PROCUREMENT,:,;·.' 

• I ', o 'I•. 

; ., 
. ' 

4 ''! • I '•> 

INSTALLATION. 

, ·.' TOTAL FIELD COSTS 

4,500 

3,660 

1,350 

9,510 
0 ~ ~ o I : ' 

. ·1 ' ~. . 1 .·:' ". • ' • ~ •. \' 

ANNAUl. I ...... _ 

I •, t 

·' i ~; 

.. .t· 
'· ' ' + : ,: ~ 
i 

OPERATING COSTS 2,375 
. :: .. . ;I :. i: 

{1) BASE CASE 

.•. ·!.: 12) CASE 1 ~A . ~. . . ( . 

{3) FORD BACON & DAVIS- $1-979 

. (4) FORO--BACON & DAVIS- $1976 

'., ·. 

900 

240 

115 

11.1 oo( 1 l 9.7oo( 2 l 1,255 73,ooo( 3 ) 

450 630 90o(4) 
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··ANNUAL OPERATiNG COST 
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! . 

'• l! .. . ... ·:~ .. 
. \ ·. ·.'1· . 

.. . ~ ) 

.. .f: :~' . l . 

· . ~, ~ ; ~i I • · r;1 ~ 
' .... ·. ~·."!~~ • ' ~.j\~~~;,'!· ',: 
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' i \;\~·;,~, .•. , , ~~~;;;~\t~;~ .. ~US SERVICE AND MATERIALS" 

( T:.r .. ~· ··,;· .. P·R·a·cEss·MATERIALs 

' " ;:~ . ' 

·.: .·{·,), .. ' 

·,1 ! ;, f • l 

;.; . 
'i 

*1 0% OF LABOR COSTS 

,. 
I 
-~. 

.COST 

BASE CASE CASE 1-A 

$1,060,000 $940,000 

110,000 95,000 

940,000 540,000 

265,000 . 300,000 

$2,375,000 $1,875,000 




