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The remaining six of the original eight EPRI/ABB Atom 
control rods (four all-B4C and two hafnium-tipped), were 
examined during the End-of-cycle 12 refueling outage at 
Dresden 3 in September 1991. The accumulated 
irradiation dose in the top quarter segment of the six rods 
varied between 2.3 and 2.8 SNVT according to CECO 
calculations, corresponding to 38 to 47% equivalent B-10 
depletion. 

The examinations showed that three rods had cracks. 
One of them was of the Hf tip type and two were all B4C 
type. The cracks were located immediately below the Hf 
zone in the Hf tip rods. One of the all B4C rods was found 
to have a crack following Cycle 11 and was reinserted for 
use in Cycle 12. All rods passed the gaging test. 

Blade surfaces showed scratches and marks to the extent 
normally experienced on other Dresden-3 blades. The 
inspection was video-recorded. 

BK, BM, BR, BKD, BKA. BKD Lindblick, BKE Dahlbiick, BKA Lund~n, 
BRA Albertsson, BMA, BMA Thunberg, BMB, BMB Sundstrom, Inc Biiversten, Inc 
Thornburg, Inc Lindner, CE Corsetti 
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INTRODUCTION 

Eight EPRI/ABB Atom control rods were inserted into the 
Dresden-3 reactor at the beginning of cycle 9. The rods 
were of two different designs: (i) all B4C type (CR 70) with 
serial No. AA-101 to AA-104, and (ii) hafnium tip type 
(CR 82) with serial No. AA-105H to AA-108H, see Ref. 1. 

The control rods were manufactured from two different 
stainless steel charges G 1902 and K 45169, see Ref. 1. The 
former represents ABB Atom "old" standard 304 L 
stainless steel while the latter has reduced silicon and 
phosphorous contents. It had been suggested that by 
decreasing especially the phosphorous content, the rods 
would be more resistant to irradiation assisted stress 
corrosion cracking (IASCC). 

The eight ABB Atom control rods were installed in control 
cells in the Dresden-3 core in order to attain maximum 
neutron exposure during three consecutive 18-month 
cycles, see Appendix 1. The inspection after these three 
cycles showed cracks in two of the hafnium tip rods, AA-

1 106H and AA-107H and in one all B4C rod, AA-103. This 
inspection is reported in ref. 2. A brief summary of these 
results is given below. 

After the inspection a decision was made to reinsert four 
of the control rods without cracks, AA-101, AA-104, AA
i05H and AA-108H in control cell positions and one 
control rod without cracks (AA-102) and one cracked rod 
AA-103 in shut-down positions for another 18 month cycle 
(Cycle 12), see Appendix 2. It was also decided to perform 
one additional inspection of the rods after this fourth cycle 
operation of the EPRI/ABB Atom control rods. 

During the outage in September 1991 the six reinserted 
rods were inspected and the results are presented in this 
report. 

1.1 Summary of the inspection results after cycle 11, 1989. 
The neutron doses, and the reported equivalent B-10 
burnups for the control rods after three cycles are 
tabulated in Appendix a ·below. It can be seen in Appendix 
3 that the reported top quarter segment irradiation 
exposure varies between 2.0 and 2.3 SNVT, corresponding 
to an equivalent B-10 depletion of 33 to 38%, i.e, as 

. calculated for the original General Electric type control 
rod . 
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Five rods AA-101, AA-102, AA-104, AA-l05H and AA-
108H were found to be without cracks. Control Rods AA-
103 and AA-107H showed some occurrences of cracks and 
Control Rod AA-106H had several cracks. 

Appendix 4 shows the inspection positions and 
denomination of the control rod wing sides. Appendix 5 
shows the location of cracks in Control Rods AA-103, AA· 
106H and AA-107H after cycle 'i 1. The basis for the 
morphology of the cracks is provided in Appendix 6 below. 
As indicated in Appendix 6, the morphology of the cracks 
can be divided into three types. Types 1 and. lb are 
horizontal cracks in the middle of the blade wing. Types 2 
and 2b are located near the blade edge and the weld. Types 
2 and 2b can also have a horizontal shape with vertical 
branches as well. Type 3 is located in the radial mid 
section of the rod close to the weld between the blade 
wings. 

CONTROL ROD INSPECTION AFI'ER CYCLE 12, 1991 

Inspection 
The six reinserted rods were subjected to various 
examinations during the outage in September 1991 
following Cycle 12. The examinations were carried out in 
the same.way as in 1985, 1988, and 1989 (Refs 2, 3 and 4) 
as follows: 

• ocular inspection combined with an imaging 
resolution test by means of an underwater TV camera 
mounted on a special manually operated trolley and, 

- gaging of the control rod blades for checking of any 
deformation using an underwater gaging fixture and, 

performing . underwater material activation 
measurements, using a high-range radiation detector. 

2.2 Resolution Test 
A resolution test was carried out on the video equipment 
in accordance with AAP-D38p01, Section 3.4 prior to the 
inspection. It was witnessed and approved by the fuel 
handler Roger C Monbrum. 
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2.3 Gaging 
The six control rods were gaged using the ABB Atom 
gage with the 10.5 millimeter gage slot width. Gaging is a 
procedure to check the dimensional stability of the control 
blades after irradiation. A fixture with a cruciform slot of 
a pre-determined size is lowered onto the control blade. 
Gaging therefore allows an overall check of the blade 
·envelope shape. If deformations, such as twist and axial 
bow, was to occur from irradiation, interference during 
the lowering of the gage fixture onto the control rod would 
result. This situation would then lead to increased 
friction forces during the elevation of the gage fixture, 
resulting in an increase in the gage lifting force greater 
than that for the friction free case. 

All six control rods passed the gaging test with the 
10.5 mm slot spacers without any difficulty. The friction 
contribution to the gaging force was estimated to be 
100 ±100 N, which is the same as from the previous 
inspections in 1988 and 1989. This is somewhat lar~er 
than the corresponding force found during the first 
inspection in 1985, Ref. 3, 35 ± 35 N. However, the gaging 
forces at the inspections in 1988, 1989 and 1991 are 
significantly lower than the gaging force limit, 500 N. 
This limit, corresponding to 60% of the blade weight in 
water, was set to eliminate a situation when both the 
control rod and the gaging fixture are lifted by the lifting 
hook . 

.. 4 Activation Dose Rate Measurements 
A high range gamma detector was mounted on the upper 
part of the blade gage·, see Appendix 12~ Readings were 
taken with the detector at a fixed position of 1 foot above 
the blade wing tip. The readings showed a decrease in 
radiation rate compared to the inspection 1989 and ranged 
from 220 to 330 R/hour. This decrease can probably be 
explained on the basis that the outage following Cycle 12 
was delayed several months and because of an unusually 
long coast down operation period preceding the outage. 
During coast down the control rods were placed in shut 
down position. Short life isotopes that were detected after 
Cycle 11 could not be detected following Cycle 12. The fact 
that both hafnium tipped rods and B4C rods had similar 
dose rates following cycle 12, indicates the absence. of 
short half life isotopes of hafnium. The hafnium tipped 
rods showed somewhat higher dose rates compared to 
B4C rods after Cycle 11. 
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2.5 Visual Inspection Results 

3 DISCUSSION 

The blade wing sides of each control rod were inspected 
with a high resolution color TV camera mounted on the 
camera trolley, which was moved from the top of the blade 
and down to a position of approximately 6.5 feet below the 
blade bail. The inspection was video recorded. 

'The neutron doses, and the equivalent B-10 bumups of the 
control rods after 4 cycles are tabulated in Appendix 7 
below. It can be seen from Appendix 7 that the reported 
quarter segment irradiation exposure varies between 2.3 
and 2.8 SNVT, corresponding to an equivalent B-10 
depletion of 38 to 46%, i.e, as calculated for the original 
General Electric type control rod. The axial exposure 
distribution per quarter segment for each control rod is 
presented in Appendix 8 below. 

Three blades AA-102, AA-104, and AA-108H examined. 
during the last three outages were still without cracks. 
Control Rod No AA-101 showed one Type 1 crack, about 
800 mm b~low the handle and Control Rod No AA· 105H 
showed a Type 2b crack in the top B4C absorber hole on 
one side of a wing and one Type 1 crack on the other side 
of the same wing. Control Rod No AA-103, which was 
reinserted for cycle 12 with cracks, now showed some 
additional Type 1 and 3 cracks. Locations of the cracks are 
shown in Appendix 9, while photographs of the cracks 
are shown in Appendix 10. The photograph numbers in 
Appendix 10 correspond to the crack numbers in 
Appendix 9. · 

No defects other than those mentioned above were found 
on other parts of the rods that were examined. Complete 
inspection sheets are sh"own in Appendix 11. 

In the past, Type 1 cracks have been observed ' 
occasionally, in the middle of top boron. carbide absorber 
holes in CR 70s (B4C rods) at high burn-up. One such 
control rod was subjected . to a post irradiation 
examination (PIE) (Ref 5) in order to determine the 
cracking mechanism. The crack mode was found to be 
intergranular and the crack mechanism was determined 
to be irradiation assisted stress corrosion cracking 
(IASCC). This can occur in stainless steel that has been 
subjected to high. fast neutron exposure. Stresses occur 
due to boron carbide swelling in the absorber holes while 
the oxidizing environment in the core is the third factor 
that is required for IASCC to occur. 
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The crack in Control Rod No AAlOl, shown m 
Photograph No 1 of Appendix 10, is located 800 mm below. 

· the handle. The corresponding quarter segment exposure 
for this location was reported to be about 2.8 snvt. Since 
the rod has been operated in control cell position the 
exposure of the absorber holes in the tip and the absorber 
holes some distance below the tip are similar. Hence a 
crack, a short distance below the tip is not surprising. 

The explanation for the crack (see Photograph No 2, in 
Control Rod No AA103 side H, is probably the same as for\ 
Crack number 1. Although Control Rod No AA103 was 
operated in shut down position in Cycle 12, it had already 
a high accumulated exposure prior to its relocation. 

Crack No. 5, side C, (see Photograph No 5), is located 
about 1500 to 1800 mm below the handle. This crack is 
probably not explained by high irradiation and boron 
carbide swelling alone. Because of the type 3 crack, shown 
in Photographs number 3 and 6, it appears that secondary 
effects from in-leakage of reactor water may have induced 
the crack. 

The two cracks, shown in Photographs number 3,6 and 
4,7 respectively, are both type 3 cracks resulting from the 
sharp notch that is present at the shoulders of these rods. 

· Cracks No 9 and 10 are both situated just below the 
hafnium zone in the first boron carbide absorber hole. 

' This kind of crack (Type 2) was found also in the hafnium 
tipped. rods 106H and 107H during the inspection 
following Cycle 12. 

EPRI and ABB Atom will together perform a hot ·cell 
examination on a CR 85 control rod from Oskarshamn 2 
that has shown. Type 2 cracking similar to the Dresden 3 
rods. This examination will also include examination of a 

. Type 1 crack and a longitudinal crack along a wing edge. 
This work is planned for the spring 1992 and preliminary 
results will be presented in late April 1992. 

) 
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4 SUMMARY AND CONCLUSIONS 
The examinations of the six ABB Atom control rods (four 
all-B4C and two hafnium tip rods) showed that: 

One all B4C rod was found to have a crack, while 
the all B4C rod that was operated a cycle with 
cracks now showed additional cracks. Two B4C 
rods were still without cracks. One B4C control rod 
was operated for four 18 months cycles in a control 
cell position and one for 3 cycles in control cell 
position plus one cycle in a shut down position. 

One hafnium tipped rod was found to have two 
cracks and the other rod was still without cracks. 
B9th were operated 4 cycles in control cell position. 

·An extensive investigation. program is under way in 
order fo identify the causes of the cracks. The 
examination will be performed on a control rod from 
the Swedish plant Oskarshamn 2, that has a similar 
crack pattern to that observed in connection with the 
Dresden 3 rods. 

All rods passed the gaging. test 

The radiation from the hafnium containing control 
rods is expected to be somewhat higher than from 
the all-B4C control rods closely following shut down 
when the rods have been operated in control cell 
position, because the short half life hafnium isotopes 
will not appear iq B4C absorber holes. If a hafnium 
tipped control rod.is operated long time in shut down 
position it would be expected to show the same dose 
as for an all.B4C rod operated in the same way. 

\ 

A~ft 
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EPRI/ABB Atom Control Rods in Dresden 3 
Locations during the 3 first cycles 
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107 104 

~ ~ 
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EPRI/ABB Atom Control rod with Hafnium Tip, CR-82 

EPRI/ABB Atom Control Rod without Hafnium Tip, CR-70 
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EPRI/ ABB Atom Control Rods in Dresden 3 
Locations during the 4th cycle 

1n1 
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1n4 ~ 
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~ 
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02 06 I 0 14 18 22 26 30 34 38 42 46 50 54 58 

• EPRI/ABB Atom Control rod with Hafnium Tip, CR-82 

~ EPRI/ABB Atom Control Rod without Hafnium Tip, CR-70 
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Ope.rating Experience Based on Process Computer 

ABB Atom Top 114 Segment Top Node <6'.'Tip) · Blade Average 
RodSerial Avg. Exposure Exposure Exposure 
Number 

/ 

SNVT• 'li B-10• SNVT• 'li B-10• SNVT % B-10 

AA-101 2.28 38.1 2.37 39.6 1.57 26.2 

AA 102 2.28 38.1 2.37 39.6 1.57 26.2 

AA-103 2.28 38.1 2.38 39.7 1.57 26.2 

AA-104 2.27 37.9 2.37 39.6 1.57 26.2 

AA-105H 1.94 32.4 2.14 35.7 1.44 24.0 

AA-106H 1.96 32.7 2.17 . 36.2 1.45 24.2 

AA-107H 1.96 32.7 2.18 36.4 1.45 24.2 

AA-108H .·, 1.95 32.6 2.15 35.9 1.44 24.0 

D3BOC 11: 06-26-88 <Start-up) Cycle Exposure: 8579 MWd/MtU 
03 EOC 11: 12-03-89 (Shut-down) 2.0 SNVT Eq'1JllB 34% B-10 depletion 

The values are the corrected· data calculated by the ~ POWERPLEX. 



Identification of Inspection Positions 

Below is a figure showing Inspection Positions relative to the 
orientation of the serial number and the control rod hlmdle. 

Page l( 1) 

Control Rod Serial No. 
on side H 
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Crack morphology 

Type 1: Appears like a conventional absorber swelling crack 

Type 2: Originates at blade outer edge. Does not correlate well 
to position of absorber channel. Sometimes branching. 

Type 3: Originates at tab corner. Short cracks at an angle to 
channels. 

i'age H i1 
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EPRI/ABB Atom C-Ontrol Rods in Dresden 3 
Operating Experience after the 4 th cycle 

Based on~ C-Omputer 

ABB Atom Top 114 Segment Top Node (6' 'lip) 
RodSerial Avg. Exposure Exposure 
Number 

SNVT• % B-10• SNVT• % B-10• 

AA-101 2.72 45.5 2.83 47,3 

AA 10'2 2.28 38.1 2.37 39.6 

AA-103 2.28 38.1 2.38 39.7 

AA-104 2.71 45.3 2.82 47.1 

AA-lOSH 2.38 39.8 2.60 43.4 

AA-108H 2.39 40.0 2.60 43.4 

2.0 SNVI' Equals 34% B-10 depletion 

The values are the corrected data calculated by the ANF POWERPLEX. 

1-age 11 1 1 

Blade Average 
~ 

SNVT % B-10 

1.88 31.4 

1.57 26.2 

1.57 26.2 

1.87 31.2 

1.75 29.2 

1.75 29.2 
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JJBAtom r 
•(" 2 100 000 91 10 'Prtntcom AP 1.tou~ 

1ntrol Blade Serial Number: AA 101 

Results of TV inspection Results of gaging 

)urface Defect Other Item Radiation .Gaging Force Limiting 
Measurement Required Force 

(R/h) (N) (N) 

A None Scrape marks, randomly 330 100±100 500 distributed 

B 
Type 1 crack, about 31 inches Scrape marks, randomly 
from the top distributed 

c None- Scrape marks, randomly ,_ 

distributed 

D None Scrape marks, randomly 
distributed 

E None Scrape marks, randomly 
distributed . . 

F None 
Scrape marks, randomly 
distributed 

G None Scrape marks, randomly 
distributed 

H. None Scrape marks, randomly 
distributed 

, 

·ven Sign~r Inspector 09/28/91 
gnature Title Date 



IBBAtom .u~SPl 
.'"<: 2 100000 91 10 """tc°"' AP 1)00~ 

ontrol Blade Serial Number: AA 102 

Surface 

A None 

B None 

c None 

D None 

E None 

F None 

G None 

H. None 

Sven Signer 
jignature 

1 , 
:. ··~ . 

Results of TV inspection 

Defect Other Item 

Scrape marks, randomly 
distributed 

Scrape marks, randomly 
distributed 

Scrape marks,randomly 
distributed 

Scrape marks, randomly 
distributed 

Scrape marks, randomly 
distributed . . 
Scrape marks, randomly 
distributed 

Scrape marks, randomly 
distributed 

' 

Scrape marks, randomly 
·distributed 

Inspector 09/28/91 
Title Date 

Radiation 
Measurement 

(R/h) 

270 

r 

Results of gaging 

Gaging Force Limiting 
Required Force 

(N) (N) 

100±100 500 

\_ 

r 

t. 
(!: 
('. 

I 

c 



·c\BBAtom u'iSP 
14< 1 100000 11 10 Prtntc9"1 AP 1100~ 

'.ontrol Blade Serial Number: AA 103 

Reimlts of TV inspection 

Surface Defect Other Item 

A Two Type l cracks on the Scrape marks, randomly 
uppermost B4C channels distributed 

B 
Two Type 3 cracks, 5.5 - 6 Scrape marks, randomly 
feet from the top distributed 

One Type 1 crack and two Type Scrape marks, randomly c 3 cracks, 5 - 6 feet from the top distributed 

D None Scrape marks, randomly 
distributed 

.E None Scrape marks, randomly 
distributed . . 

F None 
Scrape marks, randomly 
distributed · 

G One Type 3 crack, 7 feet from Scrape marks, randomly 
the top distributed 

H One Type 1 crack about 16 Scrape marks, randomly 
inches from the top distributed 

)ven Signer Inspector 09/28/91 
ignature Title Date 

·~ ·· .. 

Radiation 
Measurement 

(R/h) 

220 

.T 

Results of gaging 

Gaging Force Limiting 
Required Force 

. (N) (N) 

100±100 500 

..• 

" 

t. 
(J: 
r: 
<: 
c ... 



\BB Atom mSP 

ontrol Blade Serial Number: AA 104 

Results of TV inspection 

Surface Defect Other Item 

A None Scrape marks. randomly 
distributed 

B None ~ Scrape marks. randomly 
distributed .. 

c None Scrape marks. randomly 
distributed 

D None Scrape marks. randomly 
distributed 

) 

E None Scrape marks. randomly 
distribu~d . 

F None 
Scrape marks, randomly 
distributed 

G None Scrape marks. randomly 
distributed 

Scrape marks. randomly H. None 
distributed · 

:ven Sign~r Inspector 09/28/91 
lt'fl&lure Title Date 

Radiation 
Measurement 

(R/h) 

280 

~ 

-

, 

T 

Results of gaging 

Gaging Force Limiting 
Required Force 

(N) (N) 

100±100 500 

( 

-
. ~. 

' CI 
( 



ABB Atom u'4SP ,T 
11'<2 100000 •• 10 PftnlCOfft AP •JOOS 

:ontrol Blade Serial Number: AA 105H 

Results of TV inspection Results of gaging 

Surface Defect Other Item Radiation Gaging Force Limiting 
Measurement Required Force. 

(Rib) (N) (N) 

A None Scrape marks, randomly 270 100±100 500 distributed 

B None 
Scrape marks, randomly 
distributed 

c None Scrape marks, randomly 
distributed 

Scrape marks, randomly -·n None distributed 

E None Scrape marks, randomly 
distributed . . 

F Type 2B crack on. the Scrape marks, randomly 
uppermost B4C channel distributed 

G 
Type 1 crack close to the Scrape marks, randomly 
edge, on the uppermost B4C distrjbuted 
channel ,.-

H. None Scrape marks, randomly 
distributed 

r 

ven Signer Inspector 09/28/91 
cnature Title Date 

l .. 



lBBAtom 
HcJ 100000 11 tO ~tc°"' AP 1JOO!t 

ontrol Blade Serial Number: AA 108H 

Results of TV inspection 

Surface Defect Other Item 

A None Scrape marks, randomly 
distributed 

B None 
Scrape marks, randomly 
distribute_d 

c None Scrape marks, randomly 
distributed 

D None Scrape marks, randomly 
distributed 

E None Scrape marks, randomly 
distributed 

F None 
Scrape marks, randomly 
distributed 

G None Scrape marks, randomly 
distributed 

H None Scrape marks, randomly 
distributed 

ven Signer Inspector 09/28/91 
•gnature Title Date 

Radiation 
., Measurement 

(Rib) 

280 

' 

r 

Results of gaging 

Gaging Force Limiting 
Required Force 

(N) (N) 

100±100 500 

-

J 
( 

( 

( 
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Application of detector tube to the full length gauge 

ApproL dimensions in mm (in) 

760 (30") - . -- -
340 (13,5") 165-180 (6,5-7") 

' . - Centerline ~ -- - -
Detector 130 (5") co 

~ 
-

\. 
II - - Q 

'--
I I 

' I I Detector tube x I 
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