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Abstract

A review is made of the design considerations and fabri
cation precautions observed regarding prevention of radiation
damage induced brittle fracture for the HFIR Pressure Vessel.
The arrangement of specimens, dosimeters, containers and
mounts is described and the reasoning behind specimen location
in the vessel is given. The surveillance program is outlined
and guidelines are established for operation of the vessel.
Specifically it is recommended that a review of vessel opera
tion be made if the NDT of any part occurs at a temperature
higher than 60°F below the existing minimum operating tempera
ture.

The effects of radiation on beryllium and aluminum com
ponents in the high flux near the fuel elements have been con
sidered and the details of the surveillance program described.

An in-pile corrosion program has also been established to
aid in determining the rate of corrosion of materials in the
HFIR primary system. The basis for selection of the samples,
their size and location, and a recommended schedule for periodic
inspection is included.

Introduction

Radiation Damage

Pressure Vessel. In the design of the HFIR Pressure Vessel, pre

cautions were taken to properly size all parts and to select materials of

construction which would provide an optimum economic and technical balance

and assure reasonable protection from brittle failure due to radiation

damage. Because the reactor operates at relatively low temperatures,

particular effort was made to maintain materials and design parameters

within known limits wherever possible. The vessel was sized and nozzles

were shaped so that all parts of the vessel, except those near horizontal



beam tubes, would experience an expected fast neutron dose of less than
18

10 nvt. Design of the nozzle penetrations for the horizontal beam tubes

was based on a conservative combination of experimental and analytical

data used to determine the maximum fast neutron dose rate in the nozzle

steel. Experimental data consisting of measurements in a simulated beam

tube in the pool critical facility provided the basis for estimating the

dose rate. The actual position of the beam tube in the vessel nozzle in

cluding machining and installation tolerances were considered in establish

ing dose rate values. These values were then corrected for differences in

neutron spectrum between the HFIR and the experimental data.1 The shift
in nozzle NDT temperature with time was estimated from experimental radi-

ation damage data. To allow for the FTE concept of brittle fracture pre

vention, the initial minimum pressurized operating temperature of the vessel

was set at 70°F which is at least 60°F higher than the maximum NDT temper

ature of any of the vessel materials. For those parts which will experience

a shift in NDT temperature due to radiation embrittlement, materials were

chosen with original NDT temperatures low enough so that the 60°F FTE margin

will exist even after 20 years of 100 Mw reactor operation.

In the procurement of the vessel, the vendor was required to subject

samples of the actual heat-treated materials used in fabrication of the

carbon steel parts to Charpy V-notch impact tests. The results are shown

in Table 1. Welding procedure qualification tests included impact tests of

the welds and heat-affected zones of the base metal. In no case were impact

values indicative of a NDT temperature greater than 10°F.

For vessel parts in proximity to the reactor core Charpy V-notch NDT
3

curves were determined by ORNL personnel from actual heat-treated vessel

materials. These curves are shown on Figs. 1, 2, 3, and 4.

The original NDT and the predicted NDT temperatures after 20 years of

100 Mw operation are shown on Table 2.

Structural Components. The beryllium reflector assembly and all alu

minum components have been designed to permit removal and replacement when

required due to radiation damage.

Corrosion. Numerous out-of-pile static and dynamic corrosion tests

were performed to evaluate the corrosion resistance of materials of con-



Table 1. . Charpy V-notch Tests—Vendor Data

„ ^ MaterialComponent (AS?M Designatlon) Test

Temp. °F

Avg. Charpy

Impact Value

(ft-lbs)

Charpy
Impact Value

Corresponding
to NDT

(ft-lbs)

Shell Cylinder A 212 GrB +10 17 15

Hemispherical Head A 212 GrB +10 17 15

Top Head A 105 GrII +10 23 15

Top Flange A 105 GrII +10 94 15

Nozzle Forgings

RH A 105 GrII +10 28 15

EF A 105 GrII +10 40 15

IC A 105 GrII +10 42 15

Cooling Water

Inlet A 105 GrII + 10 48 15

Vessel Lower

Extension

Transition A 105 GrII +10 39 15

HB #1 A .1.05 GrII -20 51 15 •

HB #2 A 350 Gr LF3 -80 49 30 .

>HB #3 A 350 Gr LF3 -65 38 30

HB #4 A 105 GrII -20 51 15
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Fig. 1. Charpy V-Notch NDT Curve - Shell Material.
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Table 2. NDT Data for Vessel Materials Based on ORNL Curves

Predicted

Component
Original

NDT

(°F)

Calculated

Fast Flux

(nvt) 20 years

Expected
20 year

Shift

(°F)

NDT After

20 years
of 100 Mw

Operation
<°F)

HB 1 and 4 -65 1.1 x 1018 Corrected 37 -28

HB 2

HB 3

-115

-85

2.9 x1018^
2.3 x 1018

for

spectrum

shift and

other factors

80

67

-35

-18

Shell 0 <io18 V Not corrected 0 0

All other parts <+10 <io18
1 for spectrum

shift
0 1°

struction used in the HFIR primary system, the structural components and

control rod drives. The austenitic stainless steels and Inconel-X should

be highly corrosion resistant; however, the aluminum alloys and the beryllium

can be expected to undergo general corrosion and pitting particularly when

dissimilar metal couples are involved. These data indicate that reasonable

corrosion rates should be expected during operation of the reactor provided

radiation effects or localized erosion does not materially alter the mecha

nism of attack.

Surveillance Program

Radiation Damage

Pressure Vessel. To supplement the analytical and experimental pro

cedures followed in the design of the vessel, a surveillance program has

been established as a guide for safe operation of the vessel. Charpy V-

notch impact specimens made from actual heat-treated vessel materials are

installed at selected locations as listed in Table 3 and shown in Fig. 5.



Table 3. Listing of Surveillance Specimen Locations

Material Representing Location No. of Key

ASTM Designation Component in Vessel Specimens Number

A 105 GrII HB #1 Mounted on beam tube

in front of nozzle

30 1

A 350 GrLF3 HB #2 Mounted on beam tube

in front of nozzle

30 2

A 350 GrLF3 HB #3 Mounted on beam tube

in front of nozzle

30 3

A 105 GrII HB #M Mounted on beam tube

in front of nozzle

30 4

A 212 GrB Shell Against wall of vessel
behind IC #3 shield

21 5

A 212 GrB Shell Against wall of vessel
at horizontal core mid-

plane east of HB #1

24 6

A 212 GrB Shell Against wall of vessel
at horizontal core mid-

plane east of HB #4

24 7

Specimens have been cut from vessel materials as follows:

Specimen Origin of Material

Shell Cutout for HB 2 nozzle

HB 1 and 4 Spare Nozzle Forging (same heat)

HB 2 Nozzle Prolongation

HB 3 Nozzle Prolongation

Specimen Location
Map

Fig. 6

Fig. 7

Fig. 8

Fig. 9

Orientation of the specimen length and notch is in accordance with the ap

plicable ASTM specifications.

The locations selected for surveillance are the inner nozzle corner

radius for all four HB nozzles, the shell girth at the reactor horizontal

midplane and the shell in back of IC #3. Surveillance of the HB nozzles

is deemed necessary since data on NDT shift in irradiated ASTM A350 GrLF3

nickel steel is limited. Shell girth specimens are located to measure the

effect of any increase in radiation damage to the shell due to the



Fig. 5. Location of Surveillance Specimen Mounts.
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THIS IS ATYPICAL 6ND VWWfTWICE
SUE*} SHOWING THE PERMANENT
MftEWNG. PCOPEdW OEIENTEO ON
THE DKTUN\ PLftNE OF THE
FINISHED SPECIMEN

%.££ DWG..NG E-4994T FOE
DIMENSIONS OF SPECIMEN

Fig. 6. Pressure Vessel Sample Shell Plate Specimen Detail.

E-M-56015

note:
this. dwg..is in keeping, with note h
on dwg.. n» e.-4994t
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THESE AE\E TYPICAL VIEWS (.TWICE SIZE*)
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THE FINISHED SPECIMENS

SEE DWGl. MfiE-49949 FOE. OIMENSIONS
OF FINISHED SPECIMEN
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- F1E.ST SPECIMEN

H
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U

-13. ISO -

•1S|-EEF.-

Fig. 7. Pressure Vessel Samples HB-1, HB-<4, and EF Forging Specimen Detail.

E-M-56013

NOTE :
THIS DWG.. IS IN KEEPING. WITH NOTE 7

ON DWG..N2 E-49943

THE LOCATIOM OF THESE 1DENT|F\CAT10N
NUMBEES, AEE FOE. E.EFER.ANCE. ONLY~
SEE TVPICAL DETAIL FOR. EXACT LOCATION
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SPARE SPECIMENS

E-M-56012

note: I
THIS DWG. IS IN KEEPING WTH NOTE &
ON DWG,. Na E-A9933

THt LOCATION OF THESE IDENTIFICATION
NUMBERS ARE FOR E.EFERANCE ONLY-
SEE TYPICAL DETAIL FOR EXACT LOCATION

• \\ ' £>40 TYR

THIS, ISA TYPICAL END VIEW
(TWICE SIZE) SHOWING. THE
PERMANENT MARKING. PROP
ERLY ORIENTED TO THE DATUM
PLANE OF THE FINISHEO SPECIMEN

SEE DWG.. N* E-43933' for
DIMENSIONS OF SPECIMEN

TEMPORARY DATUM

ii ii i i i i i i i i i i i i i i i i i i 11 finning«*.

Fig. 8. Pressure Vessel Sample HB-2 Forging Specimen Detail.



THE LOCATION OF THESE IDENTIFICATION NUM8ERS-
AKE FOR R.EFEEANCE ONLY^ SEE TYPICAL
DETAIL FOE. EXACT LOCATION

THE ODD NUMBERS DONATE THE TOP SPFC.IMF.H<;
THE EVEN NUMP.EES DONATE THE ROTTOMSPECIMEttS

THESE AR.E TYPICAL VIEWS (TWICE S1ZE> SHOWING.
THE PERMANENT MARKING,. PROPERLY ORIENTED TO
THE DATUM PLANE OF THE FINISHED SPECIMENS

SEE Dwa. N^E-199S"I FOE DIMENSIONS
OF FINISHED SPECIMEN

F1EST SPECIMEN

Fig. 9. Pressure Vessel Sample HB-3 Forging Specimen Detail.
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E-M-56014

note;
this dwg.. is in keeping. with note io

on dwg.n". e-a&9si
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positioning of the through beam tube (HB 1 and 4). The specimens located

behind IC #3 are intended to determine if the vessel steel in this location

experiences greater neutron damage than the vessel steel proper due to the

effect of replacing water shielding with the lead gamma shielding surround

ing the ion chambers. Monitoring of other parts of the vessel has not been

deemed necessary since the locations selected represent the areas of greatest

expected neutron doses.

Standard size Charpy V-notch impact specimens are mounted three to a

container as shown in Fig. 10. The container is designed with a looped

handle to facilitate remote removal from the container mounts. The con

tainer mounts are shown in Figs. 11, 12, 13, 14 and 15. The specimen con

tainers are removable from the shell girth mounts directly, while the mount

for the HB specimens must be rotated into position for removal of a speci

men container, and the mount for the IC #3 specimens slides on a track from

behind the IC shielding. Design and fabrication of the specimen container

was such that the gap between the specimen and any wall of the container

was less than 1 1/2 mils assembled, in order to transfer gamma induced

heating from the specimens to the vessel water at a rate which limits
o 5

specimen temperature to less than 350 F. Since no self annealing of the

specimen material can take place below U50°F, the specimens will provide
impact properties which correlate with those of the vessel wall material.

To provide a means of determining approximate dose rate from activa

tion analysis of nickel and iron, Type 302 stainless steel strips are in

serted in the specimen "V" notch. A map of the source of these strips is

shown on Fig. 16.

The schedule for removal and testing of the specimens is shown on

Table >i. Sufficient samples are provided so that accumulation cf radiation

damage may be plotted and estimated past the 20-year point. Table 5 is

an index relating specimen number and dosimeter number to container number.

With the exception of the initial test of IC #3, two adjacent containers

are to be removed for each test. To prevent the HB tube rotating holders

from becoming unbalanced, whenever possible successive removal of samples

(two adjacent containers) may be made from positions 180° apart followed

by 90 from the previous two removals. It is planned that three speci

mens be broken at the suspected NDT temperature of material, after three
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Fig. 12i Specimen Mount - HB No. 2.

PARTS LIST

PART DWG NO. REQD DESCRIPTION STOCK SIZE MATERIAL

1 E4?»!8-l 1 CONTAINER MOUNT L.H.

2 E499SS-: 1 CONTAI NE.R MOUNT R.H.

3 E.-49959-U 1 COVE.B RETAINER

4 £49959-4 1 HUB.

5 E-49955-3 Ii *3PRIN<5

C t-49943-¥ IC SPE.C.IMEN CONTAINER

7 £-49955-2 1 LATCH

S E-49955-7 4 BOLT. CsF*E.CiAl_) £-l3UNC-2A
9 — 4 i" LOCK W^^HLH , MED •SST SOfr

IO ^ 14 SCRE.W "G-32-UNC-2A i LA J#3 #A-3*4fi>

M 'V- 1 PIN iee X £"4 L.<5 wsw
'2 ^_ 1 i-lo UNO 2.A *& SOCHDCAPSCC. 3*J «» S**-»*»"

Ii ^- I £ LOCK WASHttt, MED ^STsoa

_..

A/OTES -

/. jsr MATERJAL, tVELDWG 4 FABRJCATIOM SHALL
COA/FO/ZM TO SST-2 OAfDWG. O- 40Z/4.

Z. SEE /OEMr/ffCATTOM CHARr-DWG.£-479e/FOJZ.

3. ORROW OKISPEC/MCMCO/jm/Hf/?B»IL TOPOIfJT*'
GWfir FROM gUMEOFRefiCTOR AMD TOIHOKOS
l/FSSfL WALL.. S
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SECTIOM B-B

SCALE FULL -

Jr^KESSEE WALL

Fig. 13. Specimen Mount - Shell Behind IC No. 3,

PARTS LIST

PART DWG NO. REQD DESCRIPTION STOCK SIZE MATERIAL

/ (-499U- 4- / TRACK

2 E-4996frll / TROLLEY

3 f-499t 7-3 a g-IGURCEIlXIL6.Wr.M0 BOLT 43TMA-/93-
1.IT.364-

4 E499&7-4 2 %-IQ, UNCZB HEX. NUT nrSoT
5 i-mtn-5 1 %NOM. SPRING LOCKW/ISHER MED. J«t S» T-

<D E4174S4 7 SPECIMEN CONTAINER ASS'K "

1 £-499i6/2 4 SHIM

<s E-49W-6 Z I tot/mtmjio. f/Er.&ocAQiMCffscR.
9 f-499£7-9 2 iNOmSPRIW LOCKNMHK MED. J6Z SST

10 £-4 91WIS 1 BRACKET _

II £-419£,?-ll I %•II HEX RUT AMHJJ94-

12 £471bT-/Z e ADJUSTING SCREW

13 E-419C1-IS 4 2 -I3HEX NUT Asm A H4-
S9rt9as

kj-~^SHIMASREQ 'D.
TOie?£L T>ACK

TO/P#U£T045FT.LBi

NOTES

1. ALL STA/MESS 3TEEL. MATERIAL AW FABRICATIM

TO CONFORM WITH SST-Z DW6 D-4t0/4.

2. MAINTAIN^ CLEARANCE 3ETt¥£Ekl TROLLET
PART"2 AMD VESSEL WALL THRU FULL TRAVEL,
BY ADJUSTWG SC/zeiY PART*JBEFORE
TIGHTENING A/UT PART"ll

3.SEE IDENTIFICATION CHART OfVGE-499f/ FOR
_ LOCATIONS OF SPEE/MEN CONTAINERS PT*G>
~4. ARROW ONSPECIMEN COM TAIUER BAIL

OS. POINTAWAY EROM £ OFREACTOR AND
TOWARDS WAV 0F&SSEL.
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SECTION A A

SCALE FULL

t2 -9°

f, X45- TYRIBPLACES

•jgAllijDRILL THRU
'-Ii UNC-2B TAPTHRU

tyr 2 pmces

-%-IO UHCeA THREADS
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PARTS LIST

PART DWG NO. REQD DESCRIPTION STOCK SIZE MATERIAL

/ E-497J9-I / * jKaixee *STM-At40-
blT,$44LBK3*1

2 [19729-2 / BAR *UA.X*/*4.. WHMftf-

J enm-3 V- HEY.NUTSTD. %-IMUCll A5TM4/H-
UT. J03

4- t-tmn 2 $UOM. FLAT WASHER Z °Jxr%i* *i r*/r. ASTM-A240_

S [-49729-5 2 fHOIH. SPRIU6 LOCKWASHER (imou. <•>) 302 SST

& [-49729-1, 2 J-/6UNC2A SOC. HD. CAR SCRFW l%LG, Asn*A/rs

7 [-49719-1 2 HEX NUTSTU. i-l&UNCfb iSTMAhi-
11T, 363

a £-41941-4 8 SPECIMEN CONTAINER ASS<Y

NOTHS
I. ALL STAINLESS STEEL MATERIAL UNO FABRICaTlOU

TO CONFORM WITH SST-2 OtVS D-420I+.
2. SEE IDENTIFICATION CHART DMS.E-419U FOR

J.OCHTIOMS OFSPECIMEU COUTAINERS PT'S
A 3. FtRROIV OM SPECIMEN COA/TAWER tj/f/~C\

^ TO POIKIT AIWAY FKO/M £ OFREACTOR
AND TOWARDS VESSEL WALL.

Fig. 14. Specimen Mount — Shell Adjacent to HB No. 1.
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PARTS LIST
PART DWG NO. REQD DESCRIPTION STOCK SIZE MATERIAL

/ £49730-1 / # ^•3^X21$ «Sr7H-i9i?40-
t/TJ04tOt3*l

Z £-49730-1 / Af* ^D/A.XW£G. ASTM-AZ69-

3 £49730-3 T Mf* /V^/7" 5:ra \-IOWC2B SSTMAm-
6 IT.303

4 £49730-4 2 '^/VOM FLAT WASHER Panxguzx £.6. AiSTM-A24>0

J £-49730-3 '£ f NOW. SPRING LOCE WASHER fatTA*"") JOSSST.

6 £49730-6 2 %-/6WA/C2A SOC. MO- CAP SCZ£*> f^LG
7 £-99730-7 ^ HEX NUT STl>. l-i&Utvcid AST* #193-

a EV-339-St / SPPC//WS/V CVWTA/NSG. ASS'f

•^ r/G>rr£*l TV I?£WV£ ClfAPAHX

YES. 9-3. Ii-) |f

%-IO UNC2A THPEA0S

/\

X.

Fig. 15. Specimen Mount - Shell Adjacent to HB No. 4.

RFACTO/Z t/FSSFL

NOTES
I. ALL STAINLESS STEEL MATERIAL AND FABRICATION

TO CONFORM WITH SST-2 DW& D-42014.
2. SEE IDENTIFICATION CHART DWIS E-* 994.1 FOR

LOCATIONS Of SPECIMEN CONTAINERS PT'B.
A 3. ARROW OAJSPECIMEN COAITA/Nfr? BAIL TO POINT

L-^ FIIA/AY FROIYI <£ OFREACTOR AND TOWARDS
VESSEL WALL. '

H8-4 (RfF)
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Tabel 4. Schedule for Surveillance Testing

Operating Time Number of Specimens Removed

Mw Days
Equivalent
full power

years
HB #1 HB #2 HB #3 HB #4

Shell

IC #3 HB #1 HB #4

73,000 2 6 6 6 6 none none none

182,500 5 6 6 6 6 3 6 6

365,000 10 6 6 6 6 6 6 6

547,500 15 6 6 6 6 6 6 6

730,000
or greati

20+

er

6 6 6 6 6 6 6

specimens have been broken at random temperatures to bracket the NDT

temperature. When the average of the impact values for the final three

specimens indicate a NDT temperature which is higher than 60°F below the

minimum pressurized operating temperature, the operation of the vessel

will be subjected to review. The NDT temperature of the material being

tested is defined as the temperature at which the impact specimens fail

as impact energies equal to the following:

Material Specification Vessel Impact Energy
(ASTM Designation) Component (ft-lbs)

A 105 GrII HB 1 and HB 4 15

A 212 GrB Shell 15

A 350 Gr LF3 HB 2 and HB 3 30

To aid in preparation of hot cell tooling and testing equipment, two

surveillance specimen containers, complete with specimens and dosimeter

strip are available. The containers are labeled 6 and 7.

Spare impact specimens are available in the following numbers:

Shell 17

HB 1 and HB 4 24

HB 2 7

HB 3 11

Structural Parts. The location, geometry, and stress state of the

beryllium parts will govern the extent of swelling and possible cracking
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Table 5. Specimen, Dosimeter, and Container Numbering

Container

No.

Lifting Bail
Identification

Marking

Dosimeter

Specimen Numbers Strip ., i_
... Number*
Number

8 HB-2-8 C-6 C-8 C-9 2

9 HB-2-9 C-10 C-16 C-17 2

10 HB-2-10 C-18 C-19 C-20 2

11 HB-2-11 C-21 C-26 C-27 2

12 HB-2-12 C-28 C-29 C-30 2

13 HB-2-13 C-31 C-32 C-37 2

14 HB-2-14 C-38 C-39 C-40 2

15 HB-2-15 C-41 C-48 C-49 2

17 HB-2-17 C-51 C-52 C-57 2

18 HB-2-18 C-58 C-60 C-62 2

19 HB-1-19 B-l B-2 B-3 1

20 HB-1-20 B-4 B-5 B-6 1

21 HB-1-21 B-7 B-8 B-19 1

22 HB-1-22 B-21 B-22 B-23 1

23 HB-1-23 B-25 B-26 B-27 1

24 HB-1-24 B-31 B-32 B-33 1

25 HB-1-25 B-34 B-35 B-36 1

26 HB-1-26 B-37 B-38 B-42 1

27 HB-1-27 B-43 B-44 B-45 1

29 HB-1-29 B-46 B-47 B-48 1

30 HB-4-30 B-61 B-62 B-63 4

31 HB-4-31 B-64 B-65 B-66 4

32 HB-4-32 B-70 B-81 B-82 4

33 HB-4-33 B-83 B-84 B-85 4

35 HB-4-35 B-86 B-87 B-88 4

36 HB-4-36 B-101 B-102 B-103 4

37 HB-4-37 B-104 B-105 B-106 4

38 HB-4-38 B-107 B-108 B-lll .... 4

39 HB-4-39 B-112 B-113 B-114 .... 4

40 HB-4-40 B-116 B-117 B-118 .... 4

41 HB-3-41 D-5 D-6 D-8 .... 3

42 HB-3-42 D-15 D-16 D-17 .... 3

43 HB-3-43 D-23 D-24 D-25 3

45 HB-3-45 D-26 D-27 D-28 .... 3

46 HB-3-46 D-33 D-34 D-35 3

48 HB-3-48 D-36 D-37 D-38 .... 3

49 HB-3-49 D-43 D-44 D-45 .... 3

50 HB-3-50 D-46 D-47 D-48 .... 3

51 IC-A-51 A-30 A-31 A-36 .... 5

52 HB-3-52 D-53 D-54 D-55 .... 3

53 HB-3-53 D-56 D-57 D-58 .... 3

54 IC-A-54 A-37 A-40 A-43 5

55 IC-A-55 A-45 A-48 A-51 .... 5

56 IC-A-56 A-52 A-76 A-77 .... 5

•r
!
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Table 5. (continued)

Lifting Bail Dosimeter
Container Identification Specimen Numbiers Strip Key

No. Marking Number
Number"

57 IC-A-57 A-82 A-86 A-87 5
58 IC-A-58 A-137 A-144 A-146 5

60 IC-A-60 A-150 A-157 A-58 5

61 HB-l-A-61 A-l A-2 A-7 6

62 HB-l-A-62 A-18 A-19 A-23 6

64 HB-l-A-64 A-25 A-27 A-131 6

65 HB-l-A-65 A-132 A-133 A-134 6

68 HB-l-A-68 A-135 A-136 A-140 6

69 HB-l-A-69 A-141 A-142 A-145 • 6

70 HB-l-A-70 A-147 A-148 A-149 6

71 HB-l-A-71 A-152 A-154 A-159 ' 6

72 HB-4-A-72 A-92 A-94 A-95 7

73 HB-4-A-73 A-96 A-97 A-99 7

74 HB-4-A-74 A-100 A-105 A-108 7

75 HB-4-A-75 A-109 A-lll A-114 7

76 HB-4-A-76 A-115 A-118 A-119 7

77 HB-4-A-77 A-120 A-124 A-161 7

79 HB-4-A-79 A-163 A-164 A-165 7

80 HB-4-A-80 A-166 A-167 A-168 7

Refer to Table 3 and Fig. 5

from radiation effects. Small unstressed surveillance specimens are con

sidered of limited value in predicting the life of- the parts because the

extent of dissimilarity is too great.

components before and after exposure to radiation. The removable beryllium

will be checked in place under water with a measuring device designed for

this purpose. The control rod access plugs are also to be dimensionally

measured before and after radiation. It is planned to remove the inner

portions of the beryllium for visual inspection at reasonable intervals

with the first inspection being performed after 3 months of operation.

The beryllium plugs, drawing E-42132-14 are to be measured for straightness

prior to operation so that subsequent inspection may reveal the extent of

damage as revealed by bowing.

For certain aluminum components the expected accumulated radiation

dose will exceed existing radiation damage data in a relatively short
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period of time. Of particular concern are possible changes in the proper

ties of the 6061T6 aluminum alloy beam tubes, the target plugs and tubes

and tie bars in the reflector assembly. The surveillance program is as

follows:

1. Ten aluminum tensile specimens will be installed in one

of the holes in the removable beryllium as shown in Fig. 17.

Two specimens are to be removed and tested after 1, 2, 3,

4, and 6 years of service. As each set is removed, new

specimens are to be installed in their place. The results

of these tests will be used to evaluate the serviceability ,-
1

of applicable components. Location of the samples is such

that there is a direct relationship with the tie rods, while *•

the radiation dosage of the beam tubes will be only one-third

that of the samples.

2. Mechanical tests will be performed directly on pieces from the

target plugs and target structural tubes as they become

available during periodic removal.

Corrosion. The HFIR primary system is constructed mainly of stainless

steel; however, there are numerous materials of construction inside the

•pressure vessel. For example, components of various grades of stainless

steel, aluminum alloys, beryllium, and Inconel-X are used singularly and

in combination to support and align the fuel elements.

All of the base materials and dissimilar metal combinations were

tested in out-of-pile corrosion tests to provide design data for estimat- I
ing the rate of yearly attack. These tests were most beneficial, yet they

need to be supported by spot checks in the actual system during operation.

Accordingly, in-pile tests have been set up in two areas. Fig. 18 shows

the disc assemblies of aluminum, beryllium, and stainless steel which have

been installed in the outer shroud. These test assemblies provide: 1. a

method of evaluating the effect of surface finish on the corrosion of

aluminum and 2. galvanic cells between aluminum and beryllium, aluminum

and stainless steel, and aluminum and Inconel-X. In this location the

environment is inlet water at a low temperature and only moderate radiation

effects.



2°

CUT.WITH.|875tooosFORM
TOOL. MUST BLEND WITH
GAGE PORTION WITHOUT
STEP OR UNDERCUT

f„MAX.

D,£ D* Dl M. =.\Z5 -ioo?(DIAMETERS MUST BE SAME WITHIN.0005 Tl.R.)
Da MUST BE^Sfl LES5 THANTHE SMALLER OFD.OPOa

NOTE

I.GAGE LENGTH MUST BE TURNED IH A MANNER THAT WILL
PRODUCE A. MINIMUM Of COLD WORKING OF THE MATERIAL
IkJ THIS AREA..

2.GAGE LENGTH SURFACE MUST BE l& MICRO-INCH FINISH OR
BETTER .

£"""?•... E-H99&5-B
im.rTErJSHE SPECIMEN

caie^x »i«»i.'iE-'*'>'a»-fP

NOTE
BREAK ALL SHARP EDGES
.005 MA-Jl.

A DRILL THRU

^rniow adsptor

27

~^CSTRAIGHT WITHIN .005 T.LR.

PARTS LIST

PART DWG, No. REQD DESCRIPTION

II E-V»H5-9 Z FLOW ADAPTOR

12 E-**»9S>5I0 1 TENSILE SPECIMEN

rHAND STAMP NUMBER./DEMT/f/CATIOM
AS APPLICABLE WITH k HIGH NUMBERS
AS SHOWU w

S",.E-t9*65-C.
itL.swiMEirffiow ' "

ADAPTOR SUa AUY.

c,l,£x aiirrwua-s

^L^"

,.,iST>Mtfll-tt.KWT&

Fig. 17. Muiriinam Tensile Surveillance Specimens and Holder.

PARTS LIST

PART DWG NO. REQD DESCRIPTION STOCK SIZE MATERIAL

1 [•¥» 762-3 1 UPPER SUPPORT

2 Ef*M5-7 Z SPACER

3 Etm5-8 IO SPECIMEN ^FlOWADAPTOR SUB-ASST

¥• E-WK3-I3 1 TUBE

5 D4176?-* 1 END, SUIDE

NOTE
| ALL ALUMINUM MATERIAL AND FABRICATION TO
J CONFORM WITH AL-2 DWG D-Y20/5



ASSSMBLf B'

SCALE /'=/"

ASSEMBLY C"
SCALEj"=r

A?EF DIHG. E-V23G8-2V

TYPICAL SPECIMEN DETAIL

SCALE- FULL

u

4-
•-iki

© SPD CER
SCALE FULL

-No7CeOIO)DRILL THRU
j • 20 UNC 28 TAP THRU

fHP[«CH Finis

@ NUT
SCALE:ri/lL

III llTlllWtrrltjBrrrrrW

/nx«-
^-WUHC-ZA THREAD

G) TEE 6AR
SCALE'-FULL

SPEC/MF/V OF 7A/L

PART (T)
SCALE: FULL

1

LJ )>
v*v

Fig. 18. 'Corrosion Assembly in Outer Shroud.

28

PARTS LIST

PART DWG NO. REQD DESCRIPTION STOCK SIZE MATERIAL,

' / 1 Mo UNC-2B HEX.HQ NUT 304 4ST.

2 [49942-2 / TEE BAR MUT-t AL.

3 [499413 5 WASHER Utl T-t AL.

4 [-49942-1 3 NUT miT-tai.

S [49141S 2 SPECIMEN A X9 5 -/, AX3L-I mu Tt AL.

& [49942b 1 SPECIMEN AX &L-Z. J04LSST.

7 E4J94Z-7 1 SPECIMEN A K 8 S - 2 lurttium

a E-49942-S 1 SPECimEN AX 34 6061 T-t AL.
AtHQQtTtP

•9 [-499429 1 SPECIMEN AX. S3 tOtl T-t AL.

10 [-49942-111 1 SPECIMEH AX 82. S6H Tt AL

ii E-49942-II 1 SPECIMEN AX 8 1 60&I Tt AL.
MALUVHED

NOTES
I. ALL AUimiA/Um MATERIAL AND FABICATION

TO CONFORM HIITff DtYS. D-4ZOI6

2. ALL STAINLESS STEEL IY1A7ERIAL AMD FABRICATION
TO CONFORM WITH DHG. D-42014-



29

In the second location inside the vessel, the samples are placed in

a holder and installed in a VCF hole in the beryllium. At this location

the water temperature and the radiation level are higher than for the

disc samples in the outer shroud. Fifty-six samples of stainless steel,

beryllium, and aluminum all in contact with the aluminum holder are in

volved. As shown on Fig. 19 it is possible to remove a few samples at a

time without affecting the remaining coupons.

All of the samples have been prepared to represent the heat treat

ment, surface finish, and area relationships which are involved in the

major components so that the measiared corrosion rates may indicate what

is happening to the reactor parts.

It is recommended that the sample assemblies be removed at the end

of the first six months of operation, inspected and returned, and then

yearly examinations be made after this first inspection.

On the basis of out-of-pile corrosion studies and the concept of re

placeable parts, only a modest in-pile corrosion-radiation program has

been established. Should the preliminary findings refute this approach,

additional samples can be installed in the VEF holes in the beryllium.
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