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PREFACE

This report is divided into two independent parts. Part I
describes the surveillance program for the pressure vessel structural
materials, while Part II describes the hydrostatic proof test, which
will be conducted periodically to demonstrate the integrity of the ves-
sel. Additional information regarding the original surveillance program
and hydrostatic proof testing is included in Refs. 1, 2, and 3 in Part I
and Refs. 1 and 2 in Part II. .

The surveillance programs discussed herein shall be administered as

a part of the overall HFIR surveillance program as set forth in Appen-
dix G of the HFIR Quality Assurance Assessment/Plan (RRD-QAA-87-05).
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ABSTRACT

Extending the life of the HFIR vessel by the proposed 10 effective
full-power years is contingent upon a continuation of the materials sur-
veillance program and the application of hydrostatic proof testing. As
a part of the surveillance program, Charpy V-notch (CVN) specimens of
shell, weld and nozzle materials are installed adjacent to the inner
surface of the vessel and are removed periodically for testing to deter;l
mine the radiation-induced increase in the nil-ductility transition
temperature. Hydro testing 1is conducted to prove that a critical com—
bination of flaw size, stress and fracture toughness does not exist.
Information from the materials surveillance program is used in a frac-
ture mechanics analysis to confirm that the hydro~test pressure being
applied is appropriate for the desired life extension of the vessel.
This report specifies (1) the number, type, location and schedule for
removal/testing of the CVN specimens for the continuing materiais
surveillance program, and (2) the procedures and test conditions for the

hydro test.



PART I. HFIR VESSEL MATERIALS SURVEILLANCE PROGRAM
l. INTRODUCTION

The design of the High Flux Isotope Reactor (HFIR) included con~-
sideration of neutron radiation embrittlement of the pressure vessel.
The intent was to surround the reactor core and the beryllium reflector
with sufficient water to permit the use of carbon steel in the vessel
fabrication. The beam tubes were of special concern since they dis-
placed beryllium and waﬁer and thus resulted in higher levels of neutron:
irradiation in areas of the vessel wall close to the beam-tube ports.
This concern led to the use of especially tough material for the vessel
beam-tube nozzles.

The criterion established in 1965 for safe operation of the vessel
was that the vessel not be pressurized unless the temperature of the
vessel is 60°F greater than the nil ductility temperature (NDT).! Since.
NDT increases with fast-neutron exposure, a vessel surveillance progran
was initiated in 1965, before the reactor was placed in operation, to
determine the actual rate of increase.! Samples of material used in the
pressure vessel fabrication were made into Charpy V-notch (CVN) speci=-
mens and were mounted in the vessel at positions of representative
neutron flux. A review of pressure vessel integrity was recommended if
testing of the specimens, which were to be removed periodically,vin-
dicated that NDT +60°F for any part of the vessel exceeded the minimunm
permissible 'operating" temperature, which was specified as 70°F
(Ref. 1).

The HFIR commenced full-power operation in 1966, and surveillance
specimens for the vessel were removed for testing in 1969 (2.3 EFPY),*
1974 (6.4 EFPY), 1983 (15.0 EFPY), and 1986 (17.5 EFPY). Results of
these tests indicated that in 1983 NDT + 60°F for a portion of the shell

and for one nozzle exceeded the minimum permissible temperature for

*Effective full-power years (EFPY) based on full power = 100 'MW,



pressurization (70°F) by 45°F and 15°F, respectively.?2 The results for
1983 were not available until November 1986, and reactor operation was
continued until that time. The 1986 surveillance data were obtained
during the latter part of 1986, and they indicated that NDT + 60°F for
the shell exceeded the normal operating temperature of 120°F by 15°F
(Ref. 3). (The shell material had the highest value of all the sur-
veillance materials.)

Because the specific NDT criterion applied to the HFIR vessel
appeared to bg unnecessarily conservative, and since it is important to
ORNL and other users of the HFIR experimental facilities that the reac-
tor be operational for at least ten more years, a reevaluation of vessel
integrity was conducted using more sophisticated methods of analysis.“
This did not, however, alleviate the necessity for a continuing surveil-
lance program, because knowledge of the increase in NDT is still
required, although it is applied in a different manner.

As indicated in Figs. l.l1 and 1.2, the cylindrical portion of the
HFIR vessel was fabricated by rolling a single plate; thus, this portion
of the vessel contains a single seam weld and is joined to adjacent por-
tions by circumferential welds. The plate is ASTM A212 Grade B steel,
and the seam and circumferential welds were made using the submerged-arc
process. The beam—-tube nozzles, which were welded in place using coated
rods, are forgings, two of them conforming to AlO5 Grade I1 and the
other two to A350 Grade LF3.

The original surveillance program included plate material for one
orientation relative to the rolling direction and also both nozzle mate-
rials, but it did not include weld material. To obtain data for the
nozzle and plate welds and for different orientations in the plate, an
accelerated irradiations program was conducted recently in the Oak Ridge
Research Reactor (ORR).“

The availability of archival material for irradiations in the ORR
was severely limited, and documentation regarding materials, heat treat-
ments, and fabrication procedures was incomplete. Because of these
deficiencies, the materials evaluation project involved detailed metal-
lurgical examination of surveillance specimens, qualification weldments,

and other materials identified as candidates for the irradiation task.
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It also included the fabrication of a submerged-arc weldment to repre-
sent the longitudinal seam and circumferential girth welds of the pres-
sure vessel. Additional .studies included various microstructural
examinations to reveal embrittlement mechanisms and microstructural
characteristics relevant to a full understanding of the materials
response to irradiation. Details of these studies are included in

Appendix A of Ref. 4.



A comparison of the HFIR, ORR and other relevant materials-tests-
reactor data indicated that the damage rate (ANDT per unit of fluence)
in the HFIR vessel was greater than expected, and this was tentatively
attributed to the relatively low value of the fast flux in the HFIR ves-
sel compared to materials testing reactors (factor of ~10-*), that is,
to a fluence-rate effect. This introduced additional uncertainties
regarding predicted damage rates, particularly for the HFIR weld
specimens irradiated only in the ORR. Thus, extending the life of the
HFIR vessel requires a continuation of the vessel-material surveillance
program, and this program must include all vessel materials of interest.
Section 3 (Part I) of this report describes the program that is to be

implemented.



2. ORIGINAL RADIATION-DAMAGE SURVEILLANCE PROGRAM

The original surveillance program included surveillance specimens
at seven different locations adjacent to the inner surface of the vessel

wall, as indicated in Figs. 2.1 and 2.2 (Keys l-7). Each general loca-

tion (Key) accommodates a specific number of capsules (Fig. 2.2), and
each capsule contains three CVN specimens and a flux monitor. Table 2.1

indicates the positions used and the capsules that have been removed for
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Table 2.1. Information pertaining to
capsules used in HFIR original
surveillance program

Original vacant positions Capsules removed

Key Positions as of 10/1/87
(position number) (position number)

1 10 None 1,2,3,4,6,9
2 16 3,6,9,12,15,16 1,2,4,5,7,13,14
3 10 None 1,2,3,4,5,6,8,9
4 10 None 1,2,3,4,6,8,9
5 7 None 1
6 8 None 1,2,3
7 8 None 6,7,8




testing. Keys 1 and 4 were used for AlO5 material, Keys 2 and 3 for
A350, and Keys 5, 6, and 7 for A212.

As described in Ref. 1, the testing philosophy was to test three
CVN impact specimens at selected temperatures to bracket the NDT,
followed by three tests at the estimated NDT temperature. The NDT
temperatures are indexed at CVN energies of 15 ft-1b for AlO05 grade II
and A212 grade B, and 30 ft-1b for A350 grade LF3.

Tables Al through A4 of Ref. 4 contain all the test results ob-
tained in the surveillance program. The unirradiated tests were con-
ducted in 1965 except for additional tests at 60, 90 and 120°F, which

were conducted as part of the recent assessment.®



3, EXTENDED RADIATION-DAMAGE SURVEILLANCE PROGRAM

The original material surveillance program for the HFIR pressure
vessel was intended to cover 20 years of operation at 100 MW. To effec-
tively continue the surveillance program for the proposed extended life
of 10 EFPY (full power = 85 MW), additional surveillance materials must
be included. Materials to be added fall into the following three cate-
goriés: nozzle weld material, seam weld material, and shell material.

Since the pressure vessel components and remaining surveillance
specimens have already accumulated 17.5 EFPY of irradiation exposure, it
is intended that irradiation of new specimens in the extended surveil-
lance plan be accelerated somewhat. For instance, weld specimens will
be placed in surveillance locations that provide fluxes up to five times
greater than for the actual welds in the vessel. (The rate effect"
associated with this difference in flux level 1s expected to be very
small.) Examination of Fig. A6 in Ref. 4 shows that an exposure equiva-
lent to about 2 or 3 EFPY gives ANDT results which fall in the linear
range of ANDT vs EFPY. = Thus, weld metal specimens placed in surveil-
lance locations with a neutron flux of, say, three times the flux at the
actual vessel weld, would show an NDT shift equivalent to about 6 EFPY
after only 2 EFPY of exposure. In this way, the surveillance program
for the new materials can '"catch up" with the program for the base
metals over the projected life extension period of 10 EFPY.

The source of material for the new specimens was somewhat
diversified. Nozzle weld material for the extended surveillance program
was obtained from excess material available from a nozzle qualification
weld used in the original qualification of welders and procedures for
the nozzle welds." This nozzle weld material will be fabricated into 24
surveillance specimens with dimensions as specified in the .original sur-
veillance program.1

Since no original seam weld material was available for fabrication
into surveillance specimens, an extensive effort was undertaken to char-
acterize the seam weld material in the reactor pfessure vessel and then
to duplicate the weld. The chemical composition was obtained by remov-

ing two samples of seam weld material from the reactor pressure vessel
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(Fige 3.1). The chemical analysis of this material was performed in
accordance with NBS standards, and the results are reported in Table
3.1. Based on this detailed analysis of the original seam weld material
and available weld qualification documents, the original seam weld mate-
rial was adequately duplicated. The chemical analysis of the duplicated
weld material is listed in Table 3.1."

Original shell surveillance specimens that were not used in the
initial program nor 'in the ORR irradiation evaluation will be used for
the extended surveillance program. Additional shell specimens will be
machined from the nozzle drop-out used for the original program.

A summary of the new materials, their source and the number of
specimens for each is provided in Table 3.2. The notations (LT) and
(LS) indicate orientations of the CVN specimens relative to the rolling
direction of the plate (shell) and are explained in Ref. 4.
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Specimen and capsule identification nomenclature for the additional
surveillance material will follow essentially the format established in
the original surveillance program.1 The five differences in the revised
labeling procedure are:

l. The abbreviation NW is introduced to represent nozzle weld material.

2, The abbreviation SW is introduced to represent seam weld material.

3. The abbreviation LT is introduced to represent new shell material
with the LT orientation, the same orientation used in the original
program.

4, The abbreviation LS is introduced to represent new shell material
with the LS orientation. (Reference 4 contains a detailed discus-
sion of orientation effects.)

5. Frame numbers or capsule numbers will be specified as 87-1, 87-2,
etc., in order to simplify the inventory and record-handling pro-
cess.

Seam weld specimens, dosimeters (flux wires) and capsules that will
be added.- to the extended surveillance program will be labeled as
specified in Table 3.3. New shell specimens, dosimeters, and capsules
will be labeled as 1indicated in Table 3.4, and new nozzle-weld
sﬁecimens, dosimeters and capsules that will be added to the extended

surveillance program will be labeled as specified in Table 3.5.

Table 3.3. New seam weld
surveillance specimens

SW=4-10 SW~-28 SW-29 S4-30
SW-4-11 SW-31 SW-32 SwW-33
SW=4-12 SW=34 SW-35 sSW-36

Dosimeter

Capsule ID Specimen number strip

number
SW=-7-1 SW-1 SW=-2 SW=3 1
SW=7-2 SW=-4 SW=5 SW-6 1
SW=-7-3 SW-7 SW-8 SW=-9° 1
SW=6-4 SW-10 SW-1ll Sw-12 1
SW-6-5 SW-13 Sw-14 Sw-l5 1
SH=-6-6 SW-16 SW-17 Sw-18 1
SW-1-7 SW-19 SwW-20 sSw-~21 1
SW-1-~8 SW-22 SW-23 SwW-24 l
SW-1-9 SW-25 SW-26 SW-27 1
l
1
1
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Table 3.l1. Weld metal chemical compositions (wt%)

HFIR seam weld

Sean Nozzle
Element drillings weld qualification
#5 #7 reproduction weld
c 0.080 0.075 0.058 0.045
Al 0.02 0.03 0.006 0.007
Co 0.01 0.01 0.007 0.02
Cr 0.05 0.05 0.04 0.04
Cu 0.16 0.17 0.18 0.05
Mn 1.5 1.5 1.5 0.92
Mo 0.58 0.56 0.48 0.52
Nb <0.001 <0.001 0.002 0.01
Ni 0.06 0.05 0.01 0.10
51 0.54 0.51 0.54 0.55
Sn 0.01 0.008 0.003 0,01
Ti 0.001 0.002 0.001 0.02
v 0.002 0.002 0.004 0.005
W <0.005 <0.005 <0.001 <0.005
Zr <0.001 <0.001 <0.001 <0.,002
P . 0,008 0.014 0.015 0.008
S 0.02 0.04 0.02 0.04
As 0.007 0.009 0.004 0.005
B <0.0005 <0,0005 <0.001 <0.0005
N 0.0069 0.0067 0.0070 0.0105
0 789 ppn? 730 ppm? 0.0074 0.0320

%These numbers are believed to be high because oxygen was
introduced into. the samples during the cutting operation.

Table 3.2. Additional surveillance material

Material Source Number of Number of
specimens capsules
Nozzle weld Original fabrication 24 8
Seam weld Duplicated material 36 12
Shell Original fabrication (LT) 12 4
New fabrication (LS)% 18 6

aRecencly machined from shell nozzle drop-out.
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Table 3.4. New shell surveillance specimens

Dosimeter
Capsule ID Specimen number strip
number
LT-2~1 A-3 A-74  A-69 11
LT=-2-2 A-6 A-66 A-73 11
LT-2-3 A-44  A-60 A-65 11
LT-2-4 A-129 A-~-138 A-153 11
LS-1-1 Ls-1 LS~2 LS=-3 - 11
LS=-1-2 LS-4 LS~-5 LS-6 11
LS-1-3 Ls-7 LsS-8 LS-9 11
LS=-4=4 LS-10 LS-11 LS-12 11
LS=4-5 LS-13 LS-14 LS-15 11
LS=4-6 LS-16 LS-17 LS-18 11

Table 3.5. New nozzle weld
surveillance specinmens

Dosimeter

Capsule 1D Specimen number strip

number
NW-2-1 NW-1 NW-2  NW=3 111
NW=-2-2 NW=4 NW-5 Nw-6 111
NW=-2-3 NW-7. NW=-8 NW-9 111
NW=-2-4 NW-10 NW-11 Nw-12 111
NW=2-5 NW=13 NW-14 Nw-l5 111
NW-2-6 NW-16 NW-17 Nw-18 111
NW=-2-7 NW=19 NW-20 NW-21 111
NW-2-8 NW-22 NW-23 NW-24 111

Dosimeters will be " fabricated from 304 stainless steel strips in
accordance with applicable drawings listed in the original surveillance
progranm.

The number of capsule positions available for new specimens is
indicated in Table 3.6. Because most of the original surveillance
capsules removed for testing were taken from the higher flux positions,

some of the remaining original capsules can be moved to positions of
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Information pertaining to capsules used in
HFIR original surveillance program

Table 3.6.

Capsules removed
as of 10/1/87
(position number)

Original vacant positions

Key Positions (position number)

1 10 None 1,2,3,4,6,9

2 16 3,6,9,12,15,16 1,2,4,5,7,13,14
3 10 None 1,2,3,4,5,6,8,9
4 10 None 1,2,3,4,6,8,9

5 7 None 1

6 8 None 1,2,3

7 8 None 6,7,8

higher flux. This strategy will be used so that somewhat higher long-

term exposures can be achieved. When these capsules are renoved for
specimen testing, correlation of the data with fluence will account for
the different exposure conditions. will be moved within

Reys 1, 4, 6 and 7, as indicated in Table 3.7.

Capsules

Table 3.7. Position changes for original
surveillance capsules within a given key

Original New

Ke Capsu D .S
y Capsule 1 position No. nosition No.

1 HB-1-23 7 4
1 HB-1-22 8 3
1 HB-1-29 10 2
4 HB-4-35 5 8
4 HB~-4-39 10 9
6 HB-1A-70 4 1
6 HB-1A-62 5 2
6 HB-1A-65 6 3
6 HB-1A-64 7 4
6 HB-1A-71 8 5
7 HB-4A-76 1 4
7 HB~4A-79 2 5
7 HB-4A-74 3 6
7 HB-4A-80 4 7
7 HB-4A-75 5 8




15

New specimens will be placed in Reys 1, 2, 4, 6, and 7, as indi-
cated in Tables 3.8, 3.9 and 3.10. Nozzle-weld specimens identified in
Table 3.5 will be included in Key 2 (Table 3.8). As mentioned earlier,
the fluxes associated with Key 2 are 2 to 5 times greater than those in
the critical nozzle weld (HB-3). Thus, a reasonable acceleration in
irradiation of nozzle weld material can be achieved. (The variation in
flux around the HB-3 nozzle weld is discﬁssed in Ref, 4. There is

essentially no variation around Key 2.)

Table 3.8. New nozzle weld material
surveillance locations in the
pressure vessel

Capsule ID Location
NW=-2-1 Key 2-Position 2
NW=2=-2 Key 2-Position 3
NW=-2-3 Key 2-Position 5
NW-2-4 Key 2-Position 6
NW=-2-5 Key 2-Position 7
NW-2-6 Key 2-Position 12
NW=-2-7 Key 2-Position 15
NW-2-8 Key 2-Position 16

Table 3.9. New seam weld material
surveillance locations in the
pressure vessel

Capsule ID Location
SW-7-1 Key 7-Position 1
SW-7-2 Key 7-Position 2
SW-7-3 Key 7-Position 3
SW-6-4 Key 6-Position 6
SW-6-5 Rey 6-Position 7
SW-6-6 Key 6-Position 8
Sw-1-7 Key 1-Position 7
Sw-1-8 Key 1-Position: 8
SW-1-9 Key 1-Position 9
SW-4-10 Key 4-Position 2
SW=4~-11 Key 4-Position 3
SW=-4-12 Key 4-Position 4
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Table 3.10. New shell material
surveillance locations

Capsule 1D Location
LT-2~-1 Key 2-Position 1
LT-2-2 Key 2-Position 4
LT-2-3 Xey 2-Position 13
LT-2-4 Key 2-Position l4
LS-1-1 Key l1=-Position 1
LS-1-2 - Key l1=-Position &
LS-1-3 Key l-Position 10
LS=-4-4 Key 4-Position 1
LS-4-5 Key 4-Position 5
LS-4-6 Key 4-Position 6

Seam-weld specimens (Table 3.3) will be included in Keys 1, 4, 6
and 7, as indicated in Table 3.9. The fluxes in these positions range
from 3 (Keys 6 and 7) to 5 (Keys 1 and 4) times those at the actual seam
weld, providing the desired acceleration in irradiation.

The new shell specimens (Table 3.4) will be included in Keys 1, 2
and 4, as indicated in Table 3.10. The fluxes for these posifions are
about 1 (Keys 1 and 4) to 2 (Key 2) times those for the actual vessel
shell material in the highest Elux location (adjacent to HB-3 weld at
reactor beltline"). The fluxes at these locations are, of course,
higher than at Keys 6 and 7; therefore, these specimens will accumulate
damage faster than the original surveillance specimens located at Keys 6
and 7 by factors ranging from 2 to 4., Additionally, the shell specimens
located at Key 2 will provide for a direct comparison with the nozzle
weld material, and this will allow for a direct comparison of both
materials'-response to irradiation under high Elux (ORR)* and low flux
(HFIR) conditions.

To effectively implement the surveillance program, a schedule for
removing material for analysis is listed in Table 3.1l1. TFive of the
available capsules in the vessel are not included in this table and are
not presently scheduled for removal. These capsules, listed in Table

3.12, are intended as supplements, as required.



Table 3.11. Schedule for surveillance material removal

New surveillance Original surveillance
Effective full power years Cumutative material material
since re—saart operatl?gatlme
at 85 Hid *s Capsule Key po:fZlon Capsule Key po:f{lon
2 EFPY 701,984 SW-1-7 i 7 HB-1A-64 6 4
SW-1-8 1 8 HB-1a-71 6 5
SW~-1-9 | 9 HB-4A-76 7 4
NW-2-1 2 2
NW-2-4 2 6
NW-2-8 2 16
5 EFPY 795,059 SW-7-1 7 1 HB-1A-70 6 1
SW-7-2 7 2 HB~4A-80 7 7
SW-7-3 7 3 HB-4A-75 7 8
NW-2-2 2 3 1C-A-54 5 2
NW-2-5 2 7 IC-A-55 5 3
NW-2-7 2 15 1C-A-56 5 4
LS-1-1 1 1 HB-1-22 1 3
LS-1-2 | 6 HB-1-23 1 4
LS-1-3 1 10 HB-4-38 4 7
LT-2-1 2 1 HB-2-18 2 8
1L.T-2-2 2 4 HB-3-46 _ 3 7
HB-3-41 3 10
10 EFPY 950,184 SW-6-4 6 6 HR-1A-62 6 2
SW-6-5 6 7 HB-1A-65 6 k]
SW-6-6 6 8 HB-4A-74 7 6
NW-2-3 2 5 1C-A-57 b) 5
N4-2-6 2 12 I1C~A-58 5 6
LS-4-4 4 | IC-A-60 5 7
LS-4-5 4 5 HB-1-29 1 2
1.5-4-6 4 6 UB-4-35 4 8
LT-2-3 2 13 HB-4-39 4 9
LT-2-4 2 14 ng-2-17 2 10
HB-2-8 2 11

a
The extended survelliance program was implemented at 639,934 MWd*s, which corresponded to the reactor
shutdown in November of 1986 for pressure vessel review. Previous full power was 100 MW and re-operation
Is to be Implemented at B85 MW (full power).

L1
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© Table 3.12. Supplemental capsules
(not yet scheduled for removal)

Capsule ID Key Position
SW-4-10 4 2
SW-4-11 4 3
SW-4-12 4 4
HB-4A-79 7 5
HB-1-24 1 5

Testing of the specimens should be carried out as follows:

When only two capsules (six specimens) of a given material are
removed, testing should be performed as described in Ref. 1. When three
capsules are removed, three specimens should be used to bracket the NDT
by plotting Charpy ener. vec test temperature, and from this plot an
estimate of NDT should be .. .- fhe rema’n" ~ gix specimens should be
tested at appropriate temperatures for cora. © a more accurate value
of NDT, recognizing that the variability of CVN data for the materials
involved 1is fairly large. Appendix A of Ref. 4 discusses analysis of
the CVN data and the determination of the related reference temperature
(RTNDT) that is used in the updated HFIR vessel analysis.

Within 90 days of each time that specimens are removed from the
vessel for testing, a report covering the evaluation of the data shall

be submitted to the HFIR supervisor.
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4, CORROSION SURVEILLANCE

As mentioned in Sect. 3, two holes were drilled into the outer
surface of the pressure vessel to obtain samples of weld material. The
corrosion rate of the exposed weld material is expected to be negli-
gible, but noneﬁheless, must be monitored. To facilitate aithorough and
practical monitoring program for the specific area of the vessel, which
1s difficult to access, a corrosion specimen simulating the actual con-
dition was fabricated (Fig. 4.1). The specimen was made with weld and
cladding materials similar to those in the vessel and will be placed in
the reactor pool adjacent to the vessel wall where the samples of mate-
rial were removed. The specimen will be removed annually and inspected
for corrosion. If excessive corrosion is noted, the drilled holes in
the pressure vessel will be monitored, and an evaluation will be con-

ducted.

ORNL PHOTQ 6563-87

Fig. 4.1l. Corrosion sample simulating conditions for weld-sample
holes in HFIR vessel. -
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PART II: HFIR VESSEL HYDROSTATIC PROOF TEST
l. INTRODUCTION AND SUMMARY

Radiation embrittlement of the HFIR vessel has 1increased the
chances of a sharp crack-like defect (flaw) propagating through the ves-
sel wall,! The tendency for a flaw to propagate 1is evaluated using
linear elastic fracture wmechanics (LEFM), for which the governing
parameters are the size and orientation of the flaw, the stress level,
and the fracture toughness of the material. The uncertainties asso-
clated with flaws and fracture toughness are large and are accommodated
in the portion of the ASME Code pertaining to PWR pressure vessels by
the application of large safety factors. Evaluation of the HFIR vessel
in accordance with criteria ada~ad from the Code results in noncom-
pliance for some operating co..iticns. Some noncompliance is considered
to be acceptable because the calculated probability of failure of the
vessel 1is very small,1 and because the consequences of failure are much
less than for a PWR., However, establishing an acceptable degree of non-
compliance 1is difficult, An alternative is to perform a hydrostatic
proof test on the vessel, and this approach is being taken.

A hydro test was conducted on the HFIR vessel on August 4, 1987,
and the results and other information pertaining to the test are dis-
cuss } in Refs. 1, 2, and 3. Information provided in the following
pages was prepared for the August 4, 1987, test and is also appropriate

for subsequent tests.
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2. PURPOSE OF HYDRO TEST

A hydrostatic proof test removes, to a large extent, the uncertain-
ties in the LEFM analysis. If the vessel does not fail during the hydro
test, the test proves that a critical combination of the three fracture-
mechanics parameters mentioned above does not exist.

The difference in hydro-test pressure and operating pressure
represents a permissible life extension for the vessel since the test
pressure 1s greater than the operating pressure, and the continuing
radiation embrittlement results in a continuously decreasing critical
pressure. Calculation of the requiréd hydro-test pressure for a speci-
fied life extension involves the uncertainty in the rate of embrittle-
ment. However, the penalty for applying a reasonable uncertainty factor
in the analysis is not severe; it 1is simply a modest increase in the
required hydro-test pressure.

‘The rate at which flaws can grow in depth as a result of cyclic
loading and corrosion was also considered in establishing the required
hydro-test pressure. The number of pressure cycles during the next
10 EFPY is much too small for significant fatigue-type flaw extension,
and HFIR surveillance data indicate that corrosion is not a problem.

Another consideration in establishing the permissible life exten-
sion of the vessel is the fraction of the vessel that would become suf-
ficiently brittle to fragment in the event of a failure. If it were not
for this consideration, the vessel might be operated until failure
occurred during a periodic hydro test. As discussed in Ref. 1, for the
desired life extemsion of 10 EFPY, the fraction of the vessel that might
fragment in the event of a failure and the required hydro-test preésure
are acceptable,

In 1983 the HFIR vessel was subjected to a hydro test at a pressure
of ~1100 psi and a temperature of ~85°F. Based on presently specified
operating conditions,1 this test corresponded to a nominal life exten-—
sion, beyond 1983, well in excess of 10 EFPY. Applying a reasonable

uncertainty factor of 1.5 to the embrittlement rate, and accounting for
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the higher power level prior to November 1986, the minimum permissible
life extension beyond the pending restart data is 3 EFPY for this hydro
test. Even so, it was concluded that a hydro test would be conducted

before restart.
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3. CALCULATION OF HYDRO-TEST PRESSURE

The hydro-test pressure is calculated assuming that the vessel will
be operated for some extended period without the need for additional
hydro tests, unless vessel life is to be extended even further. At

hydro-test conditions, if a flaw does not propagate through the wall,

~

Lo, (1)

c

where KI is the stress intensity factor for whatever flaw might exist,
and KIc is the actual fracture toughness at the tip of the flaw. When
KI ’ KIc’ the flaw will propagate. Thus, Eq. (1) must be satisfied at
all times.

During operation of the reactor, KIc is decreased as a result of
radiation damage, and K{ for a given loading condition tends to increase
as a result of flaw growth due to cyclic loading and corrosion. Even
so, safe operation of the vessel at the end of the specified life-
extension period can be assured by hydro testing the vessel at the
beginning of the period at a high enough pressure to compeﬁsate for
these changes. As discussed in Ref. 1, the condition that must be
satisfied is

K, (HT) K (S,4t)
» ’
K, (HT) K1 (50)

(2)

where

K;(HT) = K; during hydro test,
KI(S,At) =K; corresponding to safety-valve pressure and crack growth

after specified life extension (At),
KIC(HT) = K7. at time of hydro test,
Ky (At) = K;. at end of life-extension period (At).
KI is related to pressure and flaw size, and, as mentioned above,

flaw size and KIc are related to time of operation. Thus, using
Eq. (2), it is possible to relate the required hydro-test pressure to

the desired 1life extension. Details of the analysis are presented in
Ref. 1.
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As mentioned above, corrosion data for HFIR conditions and fatigue
data provided in the ASME Code indicate that there will be no signifi-
cant flaw growth for the desired life extension of 10 EFPY. Thus, the
only time-dependent parameter in Eq. (2) is Ky..

KIc is related to the increase in the nil ductility temperature
(NDT), and the rate of increase in NDT was obtained from the HFIR-vessel
surveillance program and related experiments in the ORR.! When calcu-
lating the required hydro-test pressure, an uncertainty factor of 1.5
was applied to the best estimate of the NDT rate.

As mentioned above, KIc is sensitive to temperature, and thus a
temperature must be specified for the hydro test. Since KIc decreases
with decreasing temperature, the minimum permissible temperature with
normal operating pressure applied to the primary system was selected for
the hydro test. This temperature is 85°F.

Solution of Eq. (2) for the hydro-test pressure also requires
specification of the pressure corresponding to KI (S,4t). This pressure
must be the highest that the primary system can be subjected to for
credible operating conditions. As mentioned in Ref. 1, this pressure is
equal to the rupture-disc/safety-valve setting, which, with an appro-
priate uncertainty factor applied, 1is 679 psid (vessel wall pressure
differential when safety valves open, ps). .

Using the above input (At = 10 EFPY, T, = 85°F, pg = 679 psid), and
applying an uncertainty factor of 1.10, directly to the hydro-test pres-
sure, for inaccuracies in the analytical model and temperature and pres-
sure measurements during the hydro test, a hydro-test pressure of 900
psid was calculated.}

In accordance with the above procedure for calculating the hydro-
test pressure, the required frequency of hydro testing is once in
10 EFPY, that-is, prior to restart and at no other time during the fol-
lowing lO-EFPY period. 1If, however, subsequent hydro testing were con-
ducted and each subsequent test was considered to be the last for the
remainder of the 10 EFPY period, the required minimum pressure for each
test would be less than for the preceding, as indicated in Fig. 3.1,
The pressure corresponding to 10 EFPY in Fig., 3.1 (745 psid) 1is 10%

greater than the rupture-disc/safety-value mnaximum expected relief
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Fig. 3.1 Required hydro-test pressure based on 10-EFPY 1life
extension, assuming that each hydro test is the last that will be per-
formed during remainder of 10-EFPY period.

pressure (679 psid) and 63% above the nominal pressure for full-power
(85 MW) operation (458 psid). The ASME Code (Sect. XI) requires an
inservice hydro-test pressure 107 greater than the latter value. Thus,
Fige 3.1 is conservative relative to the Code.

The MéSpadden Committee (DOE/EH/HQ) imposed a set of hydro-test
criteria that requires hydro testing on an annual basis at a pressure no
less than 1.25 times the nominal rupture-disc/safety=-value setting.®
The specified nominal rupture-disec pressure, which is greater than the
nominal safety-valve setting, is.650 psig. Thus, the hydro-test pres-
sure must be no less than 825 psid. This pressure is greater than that
calculated by the above procedure for a 1-EFPY interval between hydro

tests, and it .is intended that hydro testing will be performed this
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frequently in compliance with the McSpadden Committee criteria. Thus,
all subsequent hydro testing within the 10-EFPY life extension period

should be conducted at 825 psid and 85°F.
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4., DETECTION OF FLAW PROPAGATION

4.1 General Approach

Two flaw behavior trends must be considered with regard to detec-
tion of flaw propagation during the hydro test: (1) through-wall crack-
ing in a single event and (2) a run-arrest event that does not result in
vessel failure (through-wall cracking). Such an event, referred to as a
pop—in, would be assoclated with 1localized and wunpredicted steep
gradients in stress and/or fracture toughness. A pop-in event is of
concern only to the extent that it might falsely be interpreted as ves-
sel failure.

During the hydro test, highly reliable techniques shall be used to
detect crack propagation. Past experience"'»s has demonstrated that
crack propagation in thick-walled steel cylinders submerged in liquid is
audible to the unaided ear. And, of course, through-wall cracking can
be detected by visually observing leakage. Both of these techniques
shall be applied using TV cameras with audio. (Direct access is not
possible because of an excessive dose rate at the edge of the pool, and
furthermore, use of this equipment provides a means for ohtaining a
permanent record.)

In addition to the TV/audio, an even more sensitive technique shall
be used to monitor acoustic emissions. The instrumentation, referred to
as acoustic emission (AE) instrumentation, can detect acoustics asso-
ciated with leakage as well as crack propagation. Specialists in the
field of AE monitoring of LWR vessels and other structures should be
used to assist in the HFIR hydro test.

A potential problem with AE monitoring is the detection and mis-
interpretation of spurious emissions. This problem is minimized by
recognizing crack-propagation and leakage signatures, by filtering out
the relatively low frequencies usually associated with spurious emis-
sions, énd by using several sensors appropriately located so as to be

able to detect the location of the emission.
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4.2 Application of AE Instrumentation

Ten AE sensors shall be used for the HFIR hydro test and shall be
located on the outside of the vessel as shown in Fig. 4.l. These loca-
tions provide the greatest acoustic sensitivity around the four beam-
tube nozzles and adequate sensitivity along the full length of the axial
seam weld. After the sensors are installed, a pulsar transducer shall
be applied to the inner surface of the vessel to provide a signal for
testing/calibrating the sensors on the outside. Output from the sensors
shall be fed to a multichannel recorder and stored for subsequent eval-
uation.

For the hydro test conducted on August 4, 1987, each sensor and a
preamp were permanently attached to one end of a wire waveguide, and the
other end of the waveguide was spring-loaded against the vessel at the
locations shown in Fig. 4.1, The sensor end of the waveguide was
secured just above the top head of the vessel, and the electrical leads
extended through the pool wall into the experiment room.

The waveguides were attached to adapters that allow the waveguides
to be attached to and removed from the vessel each time a hydro test is
conducted (Figs. 4.2 and 4.3). 1Installation and removal were accoo-

plished with the pool level at the top of the vessel. During a hydro
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Fig. 4.1. Developed view of outer surface of cylindrical section
of HFIR vessel showing location of AE sensors. ,
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Fig. 4.2, AE wave—guide adapter for nozzles. -
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AE wave-guide adapter for shell.

Fig. 4.3.

test, the pool level must be about 12 in. below the beam—-tube nozzles.
Having the waveguides and appropriate portions of the vessel outer sur-
face dry during the hydro test results in greater AE sensitivity.

The procedure uséd for installing the AE waveguide adapters for the

August 4, 1987, hydro test is included in Appendix A.
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4,3 Application of TV/Audio Equipment

Remotely controlled TV cameras shall be placed at grating level or
below to view each beam-tube nozzle and surrounding area, and each
camera shall have its own monitor for continuous viewing and shall be
continuously recorded. For the August 4, 1987, hydro test, three
renotely controlled cameras and one_fixed-position camera were used and

were found to be adequate.

A sensitive microphone shall be placed in the dry pool area at an

elevation above the top of the vessel. The output should be recorded on

one of the TV tapes.
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5. CRITERIA RELATED TO VESSEL FAILURE

As mentioned above, vessel failure during the hydro test is defined
as the development of a through-wall crack. A run-arrest event without
complete penetration of the wall (pop-in) does not constitute failure of
the vessel because the arrested crack is not critical; that is, it will
not propagate beyond the arrested configuration at or below the hydro-
test pressure, and thus it is no different than a similar existing sub-
critical flaw that has escaped detection.

AE instrumentation cannot reliably distinguish between the acoustic
emission from part-through and through-wall cracking. Thus, in the
event of an acoustic emission that indicates crack-propagation, it is
necessary to rely on leak detection to determine if through-wall crack-
- ing occurred. As mentioned above, during the HFIR hydro test the vessel
and vessel area are to be continuously monitored with TV and AE for
leakage from the vessel. Through-wall cracking at high pressure would
be expected to produce an unmistakable stream and/or spray of water that
can be detected with the TV camera. Leakage would also be detected by
AE, which has much greater sensitivity than the TV camera and thus is
capable of detecting much smaller leaks. ‘

In the event that a run-arrest event occurs, as determined by the
acoustic emission specialist, who must state that there is a high prob-
ability that a crack has been detected, ORNL will do the following:

l. Convene a materials review board.

2. Perform improved leak detection; for example, using dyes and/or gas
methods to search for small leaks.

3. The materials review board will consider all information, including
data from the continued surveillance program, and recommend con-
tinued operation, additional ‘tests and analysis, modified hydro-
static testing, or not approve the vessel for continued operation at
.the current operating conditions. '

4. Based on the materials review-board recommendations and all studies,
ORNL will decide on operation, derated operation, or suspension of

operation.
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6. PROCEDURE

Detailed procedures for conducting the hydro test are included in
Appendix B.* In summary, after achieving primary-coolant and pool tem-
peratures of 85 = 2°F, installing all instrumentation, lowering the pool
level and checking/calibrating the instrumentation, the pressure is
increased, using a main pressurizer pump, in increments of 100 psi until
the specified maximum hydro-test pressure is achieved. The TV (picture
and audio), pressure and AE should be recorded continuously. At any
time that there is an indication of crack propagation.and/or leakage,
the pressure should be held constant until the situation is resolved.
Otherwise, the pressure should be held at each specified level only long
enough to observe that there are no indications of crack propagation
and/or leakage.

At the conclusion of the test and following depressurization, the
AE instrumentation should be checked once again by applying the pulsar
transducer to the inner surface of the vessel. v

In the event that there 1s an acoustic~emission indication of crack
propagation and no immediate indication of leakage, special care must be
taken in the interpretation of the AE data and in checking for leaks, as
specified in Section 5 above. |

*The procedure in Appendix B was written specifically for the
August 4, 1987, hydro test and thus specifies a maximum pressure of
900 psi. The procedure will be revised for future tests to specify a
lower pressure.
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PART II APPENDIX A

ACOUSTIC EMISSION MONITORS: ASSEMBLY AND INSTALLATION
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Standard. Acoustic Emission Monitors

[. - INTRUOUUCTION

The acoustics associated with crack propagation and/or leaks from
the HFIR pressure vessel during the proof test will be monitored by
10 acoustic emission (AE) sensors located on the outside of the vessel
at the top and bottom of each beam tube nozzlé and at two points near
the upper girth weld. This standard describes the steps necessary to
assure proper contact pressure and placement of the AL sensors.

Additional procedures for calibration, recording, and evaluation of
test data are the responsibility of Phil Hutton of Pacific Northwest
Laboratory (PNL), the contract AE expert who will be assisting ORNL
during the test. :

HFIR Standard 3074 includes the deta11ed actions for the pressuri-
zation of the vessel.

II. REFERENCES
A. HFIR Standard 3074, Vessel Hydrostatic Proof Test
B. Tooling and fixture drawings:
l. M-10070-00-233-E, HB 2 Surveillance Assemblies
2. M-10070-0D-237-E, HB-1, -3, and -4 Surveillance Assemblies
3. M-10070-0D-240-E, Vessel Wall Surveillance
C. Fig. 1, D-SK-PCH-870717-1, VAE Testing Device HB Surveillance

D. Fig. 2, B-SK-PCH-870727-1, VAE Testing Device Vessel Wall
Surveillance
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IVv. PREREQUISITES

The reactor pool water level to be at or slightly below

Health Physics and Safety pern1t for pool entry to be properly

Grating to be removed from the circunfarence of the vessel
plus additional grating as requirad for TV viewing.

arating support structural memders to be removed frowm HB-1 and
AB-4 area to allow access to these nozzles.

Underwater lighting at all four bean tube nozzles.

Underwater TV camera and monitor.

A.
grating level.
B.
completed and signed.
C.
0.
E.
F.
V. PROCEDURE

Shop assembly and testing of AE sensor fixtures

1.

[nitials

Data

Using wave guides provided by PiL, asszabla
each spring cartridge per detail Fig. 1.

HB-1
HB-1
HB-2
HB-2
HB-3
HB-3
Hg-4
HB-4

V-1 (above HB-1)
V-4 (above H3-4)

upper
lower
upper
lower
upper
lower
upper
lower
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Standard No.

3075
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X

JJ

¢

Initials

Date

2. Using radiused fixture and spring scale, set
spring tension for approximately S0 1b con-
tact pressure at fixture compression limits.

3. Secure wave guides and preamplifiers per
directions of PNL personnel (Ref. Fig. 1

=X

HB-
HB-
HB -

W N o =

1/

HB
HB
H3-3
H3=-4
HB-4

V-1
V-4

upper
1ower
upper
1ower
upper
1gaer
upper
lower

and Fig. 2).

Training

1b
1b
1b
1b
1b
1b
1b
b
10

1b

L. Using mocxup beam nozzle fixture and vessel
inockup, conduct training session on instal-
lation and clamping of fixtures.

2. Persons qualified to install fixtures.

Name:
Hame:
Name:

Name:

nNaime:

Uate:

Date:

ate:

Date:

Date:
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Initials Date

Installation

1.

HB-1

Jith spanner nut positioned at its upver
travel limit, lTower fixture along the NE
side of dB-1 and position atap the nozzle.

Position fixture mast as vertical as prac-
tical, then force downward, compressing the
upper spring cartridge onto the nozzle.

while nolding fixture in compressaed position,
rotate the spanner nut clockwise, clamping
and compressing the lower spring cartridge.
When fully compressed, turn the spanner nut
an additional two turns.

Using TV, verify contact at each upper gusset
and at the stop ring on the bottom cartridge.

Position tie-rod assembly over a convenient

vessel head stud and tighten thumb screws to
secure top end of mast.

Using TV and/or direct vision, verify that
the wave guide is clear of contact with any
object.

Jdsing inclinometer, measure and record the
anqgle of the mast: deqg. (Rwtation
from vertical around axis of dean tude.)

AB-2

dith spanner nut positioned at its upper
travel limit, lower fixtur2 along the WE
side of HB-2 and position atop the nozzle.

Position fixture mast as vertical as prac-
tical, then force downward, compressing the
upper spring cartridge onto the nozzle.
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2. HB-Z (continued)

While holding fixture in compressed position,
rotate the spanner nut clockwise, clampiag
and comprassing the lower spring cartridge.
When fully compressed, turn the spanner nut
an additional two turns.

dsing TV, verify contact at =2ach upper Jusset
and at the stop ring on the bottom cartridge.

Position tie-rod assembly over a convenient
vessel head stud and tignten thumb screws to
sacure top end of mast.

Using TV and/or direct vision, verify that
the wave guide is clear of contact with any
object.

Usiag in¢linoimetar, measure and record the
angla2 of the mast: dey.

J. 1B-3

dith spanner nut positioned at its upner
travel limit, lower fixture along the WW
side of AB-3 and position atop the nozzle.

Position fixture mast as vertical as prac-
tical, then force downward, compressing the
upper spring cartridge onto tine nozzle.

While holding fixture in comprassed position,
rotate-the spanner nut clockwise, clamping
and comprassing the lower spring cartridge.
When fully compressed, turn tine spanner nut
an additional two turns.

Using TV, verify contact at each upper gusset
and at the stop ring on tie dottom cartridge.
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3. HB-3 (continued)

Position tie-rod assemdly over a convenient
vessel head stud and tighten thumb screws to
secure top end of :nast.

Using TV and/or direct vision, verify that
tne wave guide is clear of contact with any
object.

Using inclinometar, measur2 and record the
angle of the mast: dey.

4. HB8-4

With spanner nut positioned at its upper
travel limit, lower fixture alang the NW
side of HB-4 and position atop the nozzle.

§-<fPosition fixture mast as vertical as prac-
£ ¢ tical, then force downward, comprassing the
» { upper spring cartridge onto the nozzle.

Wnile holding fixture in compressed position,
rotate the spanner aut clockwise, clamping
and coipressing the lower spring cartridge.
Whea fully compressed, turn the spanner nut
an additional two turns.

Using TV, verify contact at each upper gusset
and at the stop ring on the bottowm cartridge.

Position tie-rod assembly over a conveniant
vessal head stud and tignten thumb screws to
secure top end of mast.

Using TV and/or diract vision, verify that
tne wave guide is clear of contact with any
object.

Jsing inclinometer, measure and record the
angle of the mast: deg.
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V-1

Position base plate over studs 10, 11,
and 12. Secure with spare Vi nuts.

Lower fixture onto base plate and secure
to nillow blocks.

Turn T-screw until spring cartridge com-
prasses, and tie cartridge housing contacts
the vessel wall.

Verify contact.

V-d

Position base plata over studs 27, 28,
and 29. Secure with spare Vil nuts.

Lower fixture onto hase plats and saecure
to nillow Dlocks.

Turn T-screw until spring cartridge con-
presses, and tine cartridge housing contacts
the vessel wall.

Verify contact.

Connections from the preamps to the wonitaring and
recording equipaent will be done per directions of
PdL persgnnel.
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PART II APPENDIX B

HFIR HYDROSTATIC PROOF TEST
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Standard: Vessel Hydrostatic Proof Test

-

[. INTRODUCTIUN

The hydrotest will be conducted while monitoring acoustic ewissions
from the pressure vessel. Therefore, the acoustic emission monitoring
equipment must be installed and operable, and all miscellaneous main-
tenance jobs involving openings and appendages in the primary coolant
system must be completed before the start of the hydrotest.

11. REFERENCES
A. Safety Assessment (attachéd).
B. HFIR Operating Manual ORNL/TM-ilSS/Rl, Section 6.1.
C. Reactor Piping Urawings

1546-U1-1-5541 Priwary Coolant High Prassure System -
Engineering Flow Diayram

1546-01-M-5501 tngineering Flow Uiagram - Pool Coolant
III. PRECAUTIUNS

A.  The HFIR operating manual specifies protective clothing
requirements for entry into the reactor pool. These require-
ments shall be adherad to at all tiaes.

8. Pressures up to approximately 900 psi will be employed in the
leak test. cExtreme caution must be exarcised when bleeding
lines or working around equipment containing higjh pressure.

C. Hign radiation levels may be encountered when the water is
lowered in the reactor pool. This area must be carefully

surveyed by Healtn Pnysics personnel. A radiation work permit
snall be prepared before entry into the pool.
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1. Calibrate primary system test gauge, digital
pressure readout, and the pressure controller
in the control room.

PRC-127 Calibration data:
PI-104 Calibration datea:
Test gauge Calibration date:

2. Calibrate pr1mary system teinperature
moni tors.

3. Set pressurizer pump nhiyn pressure
cut-off switches at 925 psi.

Calibration date:

4., The cover of the primary covlant strainer
must be in place and secured.

5. Rod drive and pressure balance equipment in
the subpile room myst be in normal condition
and able to withstand full system pressure.

6. Operate one pony motor pump for at least 15
min to assure that the the water temperature
in the primary system is 85°F + 2°F according
to the safety system inlet temperature moni-
tors. Shut the pony motor off after readings
have been taken.
TR 100-1A
TR 100-2A
TR 100-3A

7. Electrical power must be available for the
pressurizer and cleanup pumps.

8. The primary system pressure safaty relief
valves in heat exchanger cell 110 snould be
operable with settings of 975 and 1025 psi.
These valves wera last tested on
November 19, 1986.
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9. The primary and pool cleanup systems must be
operab]e.

10. Close the hydraulic tube system valves in
the reactor pool

V. PROCEDURE

The accomplishment of each step of the procedure is to be
acknowledged by the dated initials of the task leader.

[nitials vate

1. Lower the water in the reactor pool to
grating level.

2. ~ With the water level in the reactor pool at,
or stigntly below, the grating level, posi-
tion colored plastic sheets to deflect the
water leaking from the clean pvol. This
leaking water must be prevented frum dis-
turbing the surface of the water in the
reactor pool.

3. Install the acoustic emission wave guides
at grating level and pull sijnal leads to
the instrumentation.

4. Mop and/or blow dry the vessel head top -
surface and seal surfaces benegth the
vessel nead flanges and hatch.

5. Remnove the grating as required and position
the TV cameras and above-water lights to
ooserve all four beam tube nozzles. The view
shown on the TV monitors snould include a
water surface approximately 1 ft below the
beam tubpe nozzles. Position the TV monitors
on the redactor bay floor as far away from
the reactor pool as possidle.

b. Evacuate all personnel from tne reactor pool
and lower the water level in the reactor
pool by pumping water tnrough the pool deaer-
ator into the clean pools. Pump the pool

*If the drying procedure is blow dry, the Health Physicist will
monitor for airborne contamination.
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surge tank to the pool water underground
storage tank as required to keep tiie surge
tank from overflowing. CAUTIUN: Carefully
monitor the radiation level in the reactor
bay as the pool level drops. Also, the
radiation level should be checked at the
engineering facility fianges in the experi-
ment room. Deactivate the building FRCAS,
if required. Continue lowering the reactor
pool water until the level is approximately
1 ft below the beam tube nozzles.

7. Primary coolant system closed and ready
for pressurization.

8. The following heat exchanger-pump cell block
valves should be open:
FCV-140, FCV-149, HCV-180A
FCV-142, FCV-151, HCV-181A
FCV-144, FCY-153, HCV-132A
FCv-550, FCV-551, HCV-583A

9. The following heat exchanger-pumnp cell seal
block valves should be closed:

HCY-164-A, -B; HV-165-A, -B;
AV-166-A, -8; HV-557-A, -3

10. Ready the main pressurizer pumps for
operation.

a. Make sure the block valve to the hign
pressure pump cut-off switch on each
pump is open (switch should pe set at
325 psi).

b. Open V-1679 and V-1680 on each side of
flow meter FIT-215 in demnineralized
water supply line 1612 to the head
tank. . '
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Open the suction valves V-1050, V-1051,
and V-1052 to the two main pressurizer
pumps.

Open pressurizer pump discharge valves
V-1056 and v-1058.

Open valves V-2248 and V-2249 in the
water cooling lines to the pump
couplings.

11.  Pressurize the systenm.

a.

Make sure the speed control rheostats
on both main pressurizer puaps are set
at "0." :

Set the Tetdown block valve key switch
‘to the "closed" position.:

Start either "A" or "8" pressurizer pump.
Slowly increase the pump speed wnile
oosarving the system pressure on P[-104.
Uo not exceed 100 psig pressure.

Assure the pressurizer pump discharge

flow is approximately 0. Adjust pump

speed to maintain a system pressure of
100 psig as needed.

Inspect primary system for leaks.

(1) Pipe tunnel

(2) Heat exchanger cells

{3) Subpile room

[f the radiation level above the reactor
pool permits, make a visual inspection

of all engineering facility and beam tube
Marman clamps and vessel head flanges.

If the radiation level does not nermit

a direct observation, observe the com-
ponents visible in the TV monitor.
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g. If no leaks are observed at 100 psig,
slowly increase the primary system
pressure in 100 psig- increments to
900 psig. Take acoustic emission data
during the transition from each,
100-psig increment to the next.

Transition data recorded
100 to 200 psig
200 to 300 psig
300 to 400 psig
400 to 500 psiy
500 to 600 psig
600 to 700 psig
700 to 800 psiy
800 to 900 psig

h. Reactor pressurization verified by
Quality Division Representative.

i. Perform a final primary system leak
check per steps 1l.e and 11.f.
12. After the leak test has been coupleted and
all data hava been recorded, the primary sys-
tem should be returned to norinal conditions.

a. Depressurize the system.

b. Open the hydraulic tube system valves’
in the reactor pool.

C. Open the primary pump seal bdlock
valves.

A1l requirements of this standard have been reviewed and are acceptable.

"
Y 'V\\_}cub\i 129,61

Prograin Director Jata

*The facility supervisor will assure all issues concerning crack
propagation and/or leakage shall be resolved prior to directing an
increase in pressure.
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