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Evaluation of CRD Scram Characteristics Under Simulated Earthquake Conditions

i REFERENCE:

1) .1970 PEP QOOO2, RCIO CRD Scram Capability with Earthquake Induced Misalignment#

of Core Components.

2) 1971 PEP Q0062, CE-12, RC-3.

$ 3) Letter to S. W. Smith from F. E. Cooke July 28,1970 (attached) .

1 4) Letter to J. Fritz from R. J. Murkowski May 12, 1970.

I 5) 731EB49 Control Rod Clearance Study.

6) TRA-378 Earthquake Core Misalignment Test (attached).'

j

1.0 INTRODUCTION:
;

f In order to evaluate the scram characteristics of the control rod drive during
an earthquake, a three phase test program was draf ted and executed. Each phase
was designed to simulate one of the core conditions resulting from an earthquake ;

as defined in ref. 3. The program was authorized and funded as a PEP (see ref. :

1&2). |
|

The testing consisted of determining CRD scram performance under the following
conditions:

Phase 1 - 500 pound constant friction load simulated by adding 500 pounds to the
present drive line weight,

Phase 2 - maximum core misalignment due to allowable drawing tolerances, and

Phase 3 - additional misalignment due to earthquake, and finally with an aligned
core, fuel channels bowed to a maximum of 1.5 inches.

2.0 RESULTS AND CONCLUSIONS:

2.1 Phase 1

A. At 1030 psig, vessel pressure with 500 pounds added to an aligned drive 11ne,
the 90% scram increases from an expected valve of 2.5 seconds to 5.3 seconds.

B. At zero vessel pressure, the 90% scram times were only increased by approxi-
mately 10%.

C. At vessel pressures between 800 and 925 peig, the CRD will not full insert.

2.2 Phase 2

Atmaximummisalignmentconditionsduetodrawingandinstallationtokerances,there ,4
was no significant effect on CRD performance. - 0
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Evaluation of CRD Scram Characteristics Under Simulated Earthquake Conditions '

2.3 Phase 3 ,
;

!
' A. Additional static misalignment to simulate a possible earthquake condition when
j superimposed upon the maximum misalignment condition of Phase 2 had no significant

effect on CRD performance.

B. With an aligned core, the first significant degradation of scram times occurs
at channel bows of 0.6". At channel bows of 0.9" through 1.5" the CRD does not ;

fully insert. At .9" bow and 1030 psi vessel pressure, the CRD stopped at 07 or
,

85%. At 1.5" bow and 1030 psi the CRD stopped at '42 or 17%. All scram tests |
were conducted with a static bow.

!

| C. Channel bows at 0.9" at temperatures up to 546*F and.1.5" at' ambient conditions i

! do not produce channel yielding.
'

D. The misalignments to simulate earthquake displacements of the core supports and
the channel bowing tests produced wear on the control rod and -channels. This wear
- generated metal chips which get into the CRD and will'effect its maintenance life.

3.0 TEST PROCEDURE-
( |

3.1 Phase 1 )
. Phase 1 testing was intended to simulate friction in the driveline caused by lateral

l !~ loading during an earthquake. The amount of friction was set at 500 pounds per ref.
,

3. This friction was simulated by adding 500 pounds to a control rod blade. Square !
bars were added to two sides of the control rod as shown in Figure 1. A fuel sup-
port was modified to allow these weights to pass, and a spacer was used at the top

.

j grid to hold the two remaining fuel bundles in proper position. |

Testing consisted of running drive traces and scrams. A drive trace consists of
recording drive pressures, position and time, while continuously inserting and
withdrawing the CRD. The drive system was adjusted to provide a slower than normal
drive insert and withdraw speed of approximately one inch per second. The scrams
were performed from the fully withdrawn position with an accumulator gas precharge

j of 575 psi and a final water charge of 1510 psi. The order and number of drive

|
traces and scrams were as follows:

| Vessel Pressure (psi) Testing
23 2 drive traces, 2 scrams & 2 drive traces
1030 (cold hydro) 1 drive trace, 5 accumulator scrams, 1 drive trace,

2 vessel scrams, 1 drive trace
" "800 I drive trace, 2 accum scram, 1 drive trace

1 vessel scram, 1 drive trace
" "1 900 1 accum. scram, & 1 vessel scram

! 950 1 accum. scram, & 1 vessel scram" "

| 925 1 accum. scram,1 vessel scram & 1 drive trace" "

23 1 drive trace, 2 scrams, & 1 drive trace

,-

"*' O
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3.2 Phase 2
]

Se second phase was intended to test the scram performance of the CRD under
maximum expected core misalignment due to f abrication and installation tolerances.

D e lower core plate was misaligned with respect to the CRD housing centerline.

0.136 in, as defined in 731E849 (ref.5) plus
0.030 in, hole position for a total of
0.166 in The top grid was misaligned
0.124 in, as defined in ref. 4.

These dimensions were target misalignments. An optical alignment fixture was
used to establish the target points and measure the actual misalignments

{ obtained. The accuracy of the alignment system is estimated at + .020.

The direction in which the misalignment was made is shown in Fig. 2. The
actual dimensions obtained are listed in Table 1.

Testing was similar to phase 1 with the addition of jog traces and settle
friction test. Jog traces consist of measuring driving pressures, position
and time as the drive was jogged in and out one notch at a time over the full
stroke. Settle friction testing consists of measuring the pressure under the
drive piston as the drive settles back into each notch.

'Iesting consisted of two drive traces, one jog trace, one settle friction, two
scrams and one settle friction performed with no core misalignment. Then, after
the core plate and top grid had been moved to the misaligned position, this test
was repeated. No testing was performed at higher vessel pressures since no
effects of misalignment were observed on CRD performance at ambient conditions.

3.3 Phase 3

The final phase was divided into two tests. The first was with earthquake induced
lateral core misalignments and the second was with earthquake induced channel or
core bow. The amount of misalignment and bow were defined in ref. 3. The mis-
alignment for part I was in addition to and in a plane 90* to the phase 2 misalign-
ment. Fig. 2 defines this condition where the target displacements were "A"=.166,
"B"=.042 (.166 .124=.042), "C"=.20 and "D"=.60.

With this misalignment established in the core plate and top grid respectively the
following tests were performed:

Vessel Pressure (psi) Tests
23 (ambient) 2 drive traces,1 jog trace, I settle friction,

2 scrams & 1 settle friction
800 cold Hydro 3 accum. scrams & 2 vessel scrams
500 & 800 Hot I drive trace, 1 settle friction, 2 accum.scramsi

2 vessel scrams, I settle friction.1 drive trace

Q' O
., a m .va's
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Vessel Pressure (psi) Tests
. 1030 Hot I drive trace, I settle friction, 5 accum. scrams,

2 vessel scrams, I settle friction and 1 drive
trace

23 (ambient) I settle friction, 2 scrams, 2 drive traces, &
1 jog trace

The 800 psi cold hydro was run in order to determine if the effects seen during
ambient testing warranted hot testing. The answer was yes and hot testing commenced.

Part 2 testing was performed with varying amounts of bow in the channels. The core
was aligned prior to bowing. The bowing was accomplished by first articulating the
center bars of the Building G fuel bundles with a ball joint. A spacer block was
installed and the channels drilled to line up with tapped holes in the block (see
Fig. 4, 5 and 6) . The four bundles were then held together in their proper
orientation while a plate was bolted, through the channels, to the spacer blocks.
A scissors jack arrangement was installed to the plate as shown in Fig. 7. This
assembly was lif ted (see Fig. 8) and lowered into the 30" vessel. The scissors
jack slipped onto two pins on one of the "T" bars which are welded to the inside
of the vessel. The top grid was then installed using 1/2" pins to ta;te the side
loads (see Fig. 9).

Before the fuel assembly was lowered into place, an optical target scale was
clamped to the plate. The alignment scope was used to view the scale. The scope,

in its mount is shown in Fig.10, and the view of the scale through the scope is
shown in Fig. 11. The cross hairs of the scope were lined up on a number, then
af ter jacking the plate over the amount of bow could be determined by subtracting
the original number from the final. The maximum bow reached was 1.5 inches. The
effects on the channels of this 1.5 inch bow can be seen in Fig.12, while Fig.13
shows an overall sketch of this set-up.

In terms of testing, one new type of test was introduced in this part. The CRD
was driven in using cooling water at elevated pressures rather than using the
normal drive insert system. The results of this test were traces of pressure
which indicate drive 11ne friction in the insert direction.

To facilitate the triting of the test request and the running of the test, a
basic test was defined as follows:

A. Two cooling water driving traces.
B. One settle friction trace.
C. Two drive traces.
D. Two accum. scrams (1510/575).

The test sequence is shown in Table 2. Referring then to this table, the following
comments are in order. First, increased vessel pressure testing started as soon as ;

the effects of bowing were deemed significant, i.e. 0.9 inch bow. Second, after |

1.3 and 1.5 inch bow the jack was backed off to O bow to verify that the channels
were still in the elastic range. Then, the bow was increased to 0.6 to determine if
any damage had occurred due to testing.

,
0
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The next point is that the 0.9 inch bow hot tests were run to verify that the cold
hydro tests yield results which arevery close to the hot condit i on. It should be
noted that the optical scale was removed prior to going hot.

,

After hot testing, an attempt to return to zero bow f ailed. A galled thread on
the jacking screw caused the mechanism to bind up at about 0.7 bow. The bundles
were removed, disassembled and inspected at this point. The control rod and fuel
support were also removed and inspected.

The fuel bundles were reassembled with some new cables (see cable in Fig. 4 6 5)
and reinstalled in the vessel. Testing continued as shown in Table 2. The remaining
tests were performed in order to demonstrate high energy scram effects (N2 precharge
Increased from 575 to 710 to 875 psig) and to determine if CRD housing deflections
had any effect on scraming.

One other dimensional check was made in conjunction with returning the channels to
zero bow af ter the final 1.5 inch bow tests. The dimensions between the top grid
and the T-bars on the vessel wall were determined under both loaded and unloaded
conditions. This was to ascertain if any movement of the top grid occurred due to
loading which would invalidate the amount of bow which was measured on the scale.

4.0 TEST RESULTS:

(CS i t '. 9 \4.1 Phase 1

The primary piece of data f rom phase 1 is scram tires. At zero vessel pressure, the
times to 90% stroke were between 1.725 and 1.741 sec. which is slightly slower than
the 1.6 second normal; however, at 800 psi vessel pressure the drive stopped af ter
2.2 seconds at position 22. At 900 psi, the drive stopped af ter 0.6 seconds at
position 26. In addition, at both vessel pressures the CRD did not move der!"; e w .

fifteen second vessel scramj(accumulator valved out).;w a(
Fig. 14 plots the results of 925, 950 and 1030 psi testing. At the normal operating
pressures of 1030 psig and normal accumulator charge, the 90% scram time was
approximately five seconds which is about twice the time for a normal scram.
The conclusion is that if the CRD sees an additional friction load of 500 pounds,
there vill be reduced speeds at normal operating pressures, and within some pressure
spread less than 925 psi, full stroke vill not be achieved. The additional
possibility exists that no CRD motion vill occur at these lower vessel pressures.

4.2 Phase 2

The results of phase 2 testing were that there was no detected change in CRD
performance due to nyected _Labricalign_ppdJnstallation misalignment. Scram times
were 1.548 sec. aligned and 1.558 misaligned. Both times were within the normal
90% scram time spread for CRD #880 (Engineering test CRD).

Settle friction ranged from 40 to 45 psi aligned and 39 to 46 psi misaligned. Both
ranges are normal.

" ' . ' 0
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n e drive trace data was likewise similar between aligned and misaligned. This
data is presented in the attached phase 2 test data section.

4.3 Phase 3
4"

During initial testing of part 1 of this phase, the data (see attached p ase 3
part 1 test data section) indicated a decrease in settle pressures of approxi-
mately 5 psi. This can be and was interpreted as increased friction. Scram
times and drive performance were normal.

In order to determine if the increased friction would effect scram times at
elevated vessel pressure, scram testing at a cold hydro of 800 psi was performed.
The accumulator scram times were normal but the vessel scram times were about
15% slow. To verify this slowing, and to determine temperature effects, a hot
test was performed. At 500 and 800 psi vessel pressure, accumulator and vessel
scram times were normal. At 1030 psi, some slowing was observed, approximately
15% both in accumulator and vessel scram times. Fig. 15 presents the normal
scram speed profile for drive 880 with the new data plotted.

Settle friction and drive data at all vessel pressures tested showed normal
performance. The post pressurized settle f riction indicated a decrease in
, friction of approximately 10 psi. Since the alignment did not change during
the test, a wearing-in action is the most likely explanation for the reduced
friction.;

During the first part of testing, the channels were coated with blueing so the
rub marks would be very evident. Fig. 16 shows a typical resultsof this
te chnique. Actual metal removal could be detected but no heavy wear marks
were visible.

Since little or no effects on drive performance were found, it is concluded
that under static conditions the lateral deplacement used in this test will have
no effect on scram capability.

Part 2 of this testing phase was channel bowing. As the amount of bow was
increased incrementally to 1.5 inches, and primarily between 0.6 and 1.5 inch,
the distance of the control rod would travel decreased. Fig.17 shows that
accum. (1510/575) scram travel is a function of vessel pressure and bow. nat
is as the amount of bow increased the amount of travel decreased. Also, at
elevated vessel pressures the amount of travel decreased. In Figure 17, the
travel is shown to be more at 1030 psi than at 800 psi vessel pressure. his
effect of vessel pressure can be predicted and explained from the scram profile
(see Fig. 15). De other variable, bow, was predicted as the results of the
friction observed during the cooling water drive test (see Fig.18). As can
be seen, the cooling water pressure and therefore the friction, increased greatly
as bow increased. Once 0.9 in, bow tests were run and the stopping point, position
07 at 1030 psi was observed and the corresponding cooling pressure,' about 250 psi,
was determined, then it could be anticipated that at 1.2 inch bow and 1030 psi
the drive would stop near position 12. Likewise, at 1.5 inch bow and 1030 psi

WD
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' " " *

. 0 1971 co-,e ...., 8 7*
. . . .

E - 74e

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
,



0
SENER ALQ ELECTRIC MCSR 262ATOWC power EQUI MENT DEPARTMENTP

ENGINEERING FORM
|

TITLE

Evaluat i on o f CRD S c ram ch n rn et e ri n t i c s Under R4mn1nted rartknnnko ennA4,4n-e

6
position 40 could be predicted. The horizontal line on Fig. ,pf'at 255 psi is the
evidence of the repeatability of the stopping point.

In addition to Fig.17, Fig.19 is presented to indicate the times associated
with the various amounts of travel at zero and 1030 vessel pressure. Only
accumulator scram data is presented on this figure.

The significant fact of this data and figures is that at some point between 0.6
and 0.9" bow, drive line friction was not high enough to keep the CRD from
completing its full stroke. It must be kept in mind that these scram tests
at the specified channel bows were all performed at static conditions. If a
seismic oscillation occurred which produced channel bows up to 1.5" and no
yielding of the channels occurred at this deflection, then it is possible that
if the driveline has stopped because of deflections > 0.9 inch, it will continue
on in as the deflections swing back through approximately 0.6" back to zero and
then t o 0.6". The channels were shown to be elastic when the jack was backed
of f f rom 1. 2 in ch and 1. 5 inch bow. Note, however, that no hot tests were run
at 1. 2 or 1. 5 in ch b ow. In each case, cold, the bundles moved back to within
.03 inches of the original zero. The .03 inch can be explained since each time
a test was run af ter a given bow was set the bundles moved back about .03. At

1.2 and 1.5, the scope had to be reinstalled af ter cold pressure tests. Th e .0 3
was not taken into account when reinstalling the scope. Therefore, when backed
off the final position is 0.03 above 0.

,

0If yielding were to occur at 1.5 inch bow and 1030 psi, 546 F vessel conditions s

due to a lower yield strength at elevated temperatures, then the scram would not
be accomplished as stated above. Under yielded fuel channel conditions of 1.5
inch deflection, a full insertion of the control rod blade would only occur if,
as the blade experiences increased friction, due to bow, the fuel channels are
deflected back towards zero bow by the control rod. If this deflection reduces
bow to that point between 0.6 inch and 0.9 inch bow, discussed above, the
blade will continue movement to full insertion. During this test, the jack
mechanism did not allow any verification of this theory.

During testing, it was found that settle friction results (Fig. 20) showed similar
characteristics as cooling water results(Fig.18). This can best be seen in the i

plot for 0.9 inch bow. Cooling pressure increased, decreased then increased to j
its high of 300 psi. Settle f riction pressures, which decrease with increased I

friction, decreased until the drive would not settle, then increased and decreased |
to zero again as the cooling pressure changed. This correlation supports the j
shape of the cooling curve.

'

The explanation of this shape can be seen in Fig. 21. During the first half of the
stroke, the loading is as shown in 21A. High friction occurs at the bottom of the
fuel channels. In 21B, the roller has gone past halfway and is unloaded to some
degree, thus, decreasing load and friction at the bottom. Friction .incre ases
again as the roller picks up the other side in 21C and contact occurs at the
middle and bottom.

"""0.
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The results of the inspection of internals are pictured in Figures 22 through 31
|

with Figure 22 provided to aid in interpretation. !

|

R' ferring to Figure 21C and 22, it would be expected that wear marks would be |e
found on the upper and lower areas of the north and west channels as well as in
the middle of the south and east ch annels . Figure 23 shows the north and west
channels with wear marks at the bottom and the upper one-third. Note the wear
on the north channel being close to the inside corner. Figure 24 shows the

I
south and east channel wear as covering the middle one-third of the length.

|
Again, the inner edge is worn. Note that at the conter, where the spacer

|

blocks were, a wider spot of wear occurred. Such a mark indicates some distortion,

of the channel shape at that location.

i Figure 25 and 26 show the corresponding wear on the control rod. Also, rub marks
were found on both sides of the handle on the top of the control rod. The side
which f aced the north and west channels is pictured in Figure 27.

The unpredicted rubbing which was discovered upon inspection and was the cause of
much friction, was between the northwest edge of the control rod and the fuel

|support. The entire length of the fuel support was galled (see Figure 28). The '

resulting groove was the width of the control rod and about .06 inch deep at the
top of the fuel support. The control rod was galled and torn over 90% of its
length from the velocity limiter (Fig. 29) to near the top. Fig. 30 shows the
resulting edge of the control rod. The material which was removed by galling
and tearing was found in the CRD inner filter (see Fig. 31). Such materials in
the CRD would significantly reduce seal life.

An explanation of how this rubbing occurs is presently in Fig. 32. During the !
lower half of the stroke, the rollers are loaded as in A with the loading at the '

bottom of the channels shown in B. Note the bending of the wings which allows
contact with the fuel support as in C. Above the halfvay point, the loading of
the rollers is as in D. The loading in the middle is as in E, and the bottom is
again as in B. The result is the same with rubbing occurring as in C. 'Ihe
wear marks near the inner edge on the channels verify this explanation.

The results of the high energy scrams at 1.5 inch bow were that the drive went in
an additional 15% for a total of 30% with 1320/710 charge, and 40% more for a total4

of 55% vith 1510/875 charge. These were at 800 psi with similar results at 900
and 1030 psi vessel pressure.

The deflecting of the CRD housing 0.5 inches and .625 inch, in addition to the 1.5

e inch bow, had no effect on the scrams. Quick releasing the housing and hand exciting
the housing had also no effect on scramming.

The results of the loaded-unloaded top grid measurements are shown in Fig. 33. 'Ih e
maximum dif ference was .016 inch which was not considered significant.

.

;

o.
., a m ova's 383HA617
""

f **'' ,, p %, a cowTons.erre d sawo.9
- -

IED _m

. :. c. . mb maw.ugus o.1 :.n . . xamesmaa* : .



_ _ . _ _ _ .______________ __-_-

SENERAL h ELECTRIC
ATOMIC POWER EQUIPMENT DEPARTMENT MCSR 262

ENGINEERING FORM

'YaluationofCRDScramCharacteristicsUnderSimulatedEarthquakeConditions

TABLE 1
E

.

N S

W
/ ySW+

Nw+
Alingment t .02

Core Plate Top Grid

Test hV ("A") SW ("C") hv ("B") Sjt ("D")

7 U T U E U M U
E & E & B 2: B &
M C e C X e M C

mue1 * 0 * 0 * 0 * O

Phase 2
Pre-test
Alignment * 0 * 0 * 0 * O 1

Initial **

Misalignment .184 .166 .053 0 .029 .042 .029 0

Pre-Test
Check .184 .166 .034 0 .029 .042 .019 0

Phase 3
Part 1 .155 .166 .195 .2 .024 .042 .611 .6

Post Test Dieck .150 .166 .180 .2 .028 .042 .611 .6

Part 2 .010 0 .003 0 .008 0 .004 0

Post Test Check .078 0 .003 0 .008 0 .004 0

* Tight wire system
used; actuals hTi

** .166 .124 = .042
,
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TABLE 2
., 'EST SEQUENCE

Anount of Vessel Buic Other
Bow Pressure Test Tests

(PSI)
0 23 (ambient) X None

.3 23 (ambient) X None

.6 23 (ambient) X None

.9 23 (ambient) X None
1030 cold Hydro 2 accum scrams

2 vessel scrams
800 6 900 1 acetn scran

1.2 23 (ambient) Parts A,B 6 D None
800, 900 and

1030 cold Hydro 1 accum scram
.6 23 (ambient) X None

( 1.5 800 1 accum scram

2 vessel scrarrs
900 1 accum scram
and 1030 1 vessel scram
23 (ambient) Part B 1 cooling trace

1 accum scram
.6 23 (ambient) X None
.9 23 (ambient) X

800 6 900) Part D 2 vessel scrams
1030 ) Ht Parts A, B and I drave trace

) D

23 X
*

0 23 (ambient) X None
1.5 800, 900 and 2 accum scrams

1030 cold Hydro
fI3

0)
, (1510/875)

1030
2 scrams (1510/575)
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TABLE 2 (cont.)..

1.5 with 1030 cold Hydro 1 accum scram
(1510/575).5 CRD housing

.

displacement

1.5 with 1030 cold Hydro 3 scrams (1510/575)
osolating
CRD housing

1.5 with 2 accum scrams

.625 CRD 1 dynamic

housing 1 static
displacement

1.5 Part D

|

|

|
|
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06 4/S .440 Mo 330 06 2 'I.f 236 230 2 50 99 %S. 255 250
04 440 M30 J 75 24 0 64 2 fs 26o &&5 265 4'i 99 2.Ff 2 70

02 4 70 4Ad 34S 2 f6 52 AfC 370 tbn 2L5 41 <? 1 99 Sl0
1 65 Mn 80 46 T"00 - -
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TABLE LEAKAGE & FRICTION DATA

TITLE EMPygov,gge Msm/cayfgx/7
TEST REQUEST /9 O 7hibI

DRIVE WODEL U6 S/h b8O ___ DATE k' M- I/ rnev 4-2-7
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SETTLE FRICTION SETTLE FRICTION SE SETTLE FRICTION

~. P AR. 8.2.1 P AR. 8.2.1 P AR. t.2.1,

.

I

40 P51D MIN. W/10 40 PSID MIN. W/10 dl 40 P5ID MlH. W/10

psig MAX. VARIANCE ,, psis M AX. V ARI ANCE P5 psig M AX. V ARI ANCE

DA YE

To $7Egggo,9 g,7. y j(*gV[S VEMEL pgg 69 g,yo,9 g,9
7 E3 Ue s V' ** "'
c
H 23 }} Q p3 Q f} gb y p3 fp3n Di g,9

48 47 47 49 91 47 48 41 47 4f 5 2 50 96
* 47 AS 47 4t 4R 4e M 47 42 .53 u qc

u 46 47 de C 2R Al *$~d Yf 47 53 U 46
42 4h 44 4B St ?|$r Al, l 41 47 52 Vb Hb

40 46 44 +8 .29 44 k 47 43 V6 3T 46"

38 46 47 4A ao 4/> / 4'1 _V 3 38 30 44

36 4b N7 44 19 44 4t, A7 29 El . '14'

34 4L Ak 41 's*A* 44 4A .24 23 16 4b
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26 4f- 4-6 4'7 17 of 4/, Al 2o /6 fpi
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22 44 44' 4| 16 44 46 37 33 30 46

..

B +4 4K 47 s 2- bi' 45 35 90 41 46

18 ++ +C 44 sc 44 Af 39 yy C %-

16 44 of 44 37 4A K 4.2 50 50 43
14 44 4C 44 al Eb 4$ 30 40 37 43

12 iE 44 44 W 43 44 1 10 9 42.
4141 M,

10 * +4 .3 7 ,
-- -

08 44 4r 14 ') '34 1h 44

06 dd 'f4 17 ) '15 /h 44 -

|os 44 44 i'. ) |R s. 44 -

02 42 43 WsT OR 1 2% 'fI
V Y *Lin f '' " 4 4']00 AL .&7 - . . .

.. -
g

333a %n
DEC - 81371 3,, e. s .., u .m w

_



.,
j ..

l
i

%AN

$
~

n., m

b N M N N f h M ha N N VESSEL PRESSURE (psis) hV uW g V p p qu u u a W a w g~* u gr
h

g ? t p y$
\ r. rs e e D

A*
b b h b

STEAM SPACE TEMPERATURE (8 ) MF* ' * * w* + * * *

Q! N A h b h
VESSEL BOTTOM TEMPERATURE q

* d Dh h e 4 e'

t. % Df, -* * * 8' ' D @ @ O M *j A, *g3 (0 )F3

P= D > b b
PROBE TEMPERATURE (*F) W hb n g o

11.ene g #o e o
o.% ..- - .

n
ht La b ' U h

Q* $ NJ ^{h) NJ
4 b w* b pao%

DHCU SUPPLY PRESSURE UP g
I g o3god $ D PilePR AP(psi) y

'' " g A *
,

Ei PRESSURE UNDER PISTON 4 g 1
s d. w % *

Ez % f Q g DRIVING UP-P!3/PR AP(psi) Q
~

? .9 * %

k E* D D $,4,
g $j g g h, PRESSURE 0VER PISTON W o k'. s ,,

* #* **

1 .

g ;t e g g o ORIVING UP-P12/PR AP (psi)o -

9
rA y % 4 M 4 4 4 %-

k 5 " m
g to D .

N NP-

SPEED ORlVING UP(in/sec)=

4 m as t 0 ge % o '' G , g
b ** L uw h wg b g b gl' D hf\J NJ h b HCU SUPPLY PRESSURE DCWN M TM $ N 8 Yo N %=o isfIa$ h g h h $ 5 -Pil/PR AP(pse) ~

:o
1.g b gp u u 4 49 QN y N N PRESSURE OVER PISTON \8g,,

$$ $ ' * , g M m oI I N dj g g $ h = DRIVING 00WN-P12'PR AP (psi) $ g
A N N * N N

PRESSURE UNDER PISTON h
- -

- d g it sg s
N[% MI'a O

h,p L'\ "'* C DRIVING 00WN-Pil/PR AP(pss) g g
i .,

-1
f,A Ce - e. , a u ~ o w e s ~ s'g 9 ; w 2 w % ':; % % % 4 % ORIVE UP FLOW [

Ww -

d [(, "( -

s li + 4(d'4,be *
DRIVE 00WN IGPM) gb I

, -

O@ M A $ 'l h FLOW (GPM)L y it +-- a

d., w ~-

l d }Dg g STALL UP FLOW *
o s o ? 19 9 . o 3

s STALL DOWN #GPM) a g% ir- s W * 0, 5' % v, h FLOW (GPM).
g

h 5 5 ( k TIME,

92 ?. G o * $a . .

Lo'w ro99 9 3eo s o
f ea b ewwo e

, .e e
g aCe

T g g
. ~

$ D s c
.

o M b% 4 " E 91 { ! k 25 k's
3 || A 9 .
E f" %

^

e N
tn,

i '') * a' 19 W"* *' ?^ g ,, y
; _

O eye,



W 6 Y ? % % %'5 e m
g m$ ;d

-no
8 :2J 8 s da A e4 N d 4 r, JATE

-

u m M w m-- - - -: s og*

h [ D'
VESSEL PRESSURE (psis) 2R.[N N N N N ~

o w gr gW J W u W

- - . g ny $ $ $ $ STEAM SPACE TEMPERATURE (0 )'5Fe w

==

% j 4 A T $ h B D VESSEL BOTTOM TEMPERAYURE $^ @ -4 -O =
O @ @ Frigo yr

h" h h PROBE TEMPERATURE ('F) O" e h
! hr-

ge * v.a g" d 4 9$ 1
N N N Mj'o' y N HCU SUPPLY PRESSURE UP y 1N N

g 3 Q e,7to N 4" N N
P,u$C'if $o 3 d *

Q g b PilePR AP(psi) Qgmoe

L g g g g0S
2,z @ g[ { ORIVING UP-P13/PR AP(psi) E

N PRESSURE UNDER PISTON M -( M .%
- se ' ** e on y

~
j ,.9

p*a 9mA :.c cN D 4 hM Lip |||: g'9 g PRESSURE OVER PISTONNR g-- ,
Ooh o'o o 6* 'g oC o ag 'o g DRIVING UP-P12/PR AP (psi)* * '

-% q ,

$ SPEED ORIVING UP(in/sec)8 M N =

y - =; a = ~
;

A N * * * N Nih u se b HCU SUPPLY PRESSURE 00TN |

y D Sj d Q N $ U $ 2 0 C,71% ]o ~m N Na N mm to
5 -Pll'PR AP(psi)g ,

Q bu PRESSURE OVER PISTON ON NdP9 NN N cimN N W"

$$ $ U U$ 0,Y 4 % = OR VING 00WN-Pil'PR AP(psi) 5'

$ $M $ W o

h ~8
<:

k^q.4gD g$ $
$g % 's PRESSURE UNDER PISTON[cw ,o m i

:w
'

ao : w%

g { = % 8:: ORivlNG 00WN-P13/PR AP(psi) >; cA A o% o4 * * o
,

-4 -

% 'k g
h]G$'d h} hl $

4 SPEED ORIVING 00WN >.c q
,,,,

h Q
w w w w w % * u g %' g W ORIVE UP FLOW [=w w

N* %6.* N
.;; ORIVE 00WN GPM) g* * C' '

., s
6, h b FLOW (GPM) 5N N 6,, N E .,. N ',6 w -e "*

iva ,o ,
4g

'

':'- \N t w STALL UP F LOW 3 i

o*
'

,
&y a ;,6 STALL 00WN (GPW) w' g*w j ;,, o b c A FLOW (GPM) ,g

$ C $ U ( h N k TlWE $y* *@ @ M M o & % ss
,

'w o o o o o ;= ,.

Q 4 'a 4 4 4 S* * *

( t I k* S
'

O '

m ~g N iu*w M t t ! 8 ';-"
.

4 'l { j. 4 -

u o,, .. o-.-4 g

| Li'W M C S E
-

o :k \L6L 8 - hu
._

_ _ - _ _ _ __



. _ - .

.

.

LEAKAGE & FRh.elON DATA

o -.4

SEAL LEAK AGE TEST PAR. 7.0 72 4
70 N E

APPLIED LEAK POINT TOTAt 0) = |

LEAKAGE gP.O. PORT COLLET SPUD VESSEL PORTS
INDEX
TUBE psig Ml/ MIN ML/ MIN Ml/ MIN ML/ MIN ML/ WIN %

b Y
PSPEC. ACTUAL SPEC. ACTUAL SPEC. ACTUAL SPEC. ACTUAL SPEC. ACTUAL SPEC. ACTUAL %sgC' g

C 70 H38 jjp 758' 300 m /670 1 $'cS EXTENDED 200 AT P. O. pg N. A. o 2650 /
'

$"
] RETRACTED 200 AT P.U. Dd 758 O 1705 g)O 18 9 o 567 .7/5 mo /03 5 g

"r-C -vtSSEL PORTS P.U. PORT
'

NOTE: PLUG COOUNG WATER OmFICE DURtNG LEAK TEST C00UNG ORIFICE LEAM AGE WL/wlN *

| 30 ove APPUED $8 P. U. RETRACTED, 1060/1703 ML/ MIN SPEC.

j A5 SEAL LEAK AGE TEST PAR. 7.0 Y
UI APPLIED LEAK POINT TOTAL

kLEAKAGE
P.O. PORT COLLET SPUD VESSEL PORTS

NIDEX

C 5 TUBE psig ML/ MIN ML, WIN MLWIN MLMIN ML/ MIN 2

[ SPEC. ACTUAL SPEC. ACTUAL SPEC. ACTUAL SPEC. ACTUAL SPEC. ACTUAL SPEC. ACTUAL %
3 %-

O {EXIENDED 200 AT P. O. goo N. A. O 2650 gg60 1138 //i/O 758' ///00 4160 75do
R1C REIRACTED 200 AT P.U. floo 758 pO 1705 Jyr/g 189 O 567 y/o NO ,75fo $g

+vt$5EL POPT3 P.U. PORT NOTE: PLUG COOUNG WATER OmFICE OURING LEAK TEST COOUNG ORIFICE LEAKAGE ML/ MIN d
| 30 ove APPLIED # P. U. RETRACTED, 1060/1703 ML, WIN SPEC. | 73.

a-
SEAL LE AK AGE TEST P AR. 7.0 g Q

APPLIED LE AK POINT TOTAL A E '

N
0. PORT CO M WD WM PORM

INDEX
|TUBE psig ML/ MIN ML/ MIN ML/ MIN ML, WIN MLNIN I M" .-4

> -

y

@pp SPEC. ACTUAL SPEC. ACTUAL SPEC. ACTUAL SPEC. ACTUAL SPEC. ACTUAL SPEC. ACTUAL N

EXTENDED 200 AT P. O. 2OO N. A. O 2650 ggg H38 740 758' l50 m Ig i O y 4 ty

RETRACTED 200 AT P.U. g,,O O 758 O 1705 |800 18 9 O 567 20o m 2000 k ? M 9%
,

l
*VE5SEL PORTS P.U. PORT NOTE: PLUG C00UNG WATER ORtFICE DURING LEAM TEST COOLING ORtrICE LE AKAGE ML MIN Q

m por A 0 RURAcm, m m E win m W6752dcT& D-ErsA!cised c,//,f. lAdaga = /MO
COLLET FRICTION PAR. 8.1. '1

TRIAL
VESSEL SPEC.

| | | ,,| 2| PR ESSURE MIN. ,, I 543

_-__-__________________-_ _ - _________- - -_ - __ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ - _ - _ _ - -
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cc: N. J. Biglieri

J. F. Cage, Jr.
J. J. Gallagher
K. J. Jamrus
L. K. Liu,

P. E. > bore-

F. F. Smith, Jr.

L. E. Suggs
S. W. Tagart
D. A. Venier
R. E. Williams
H. E. Williamson

July 28, 1970

Subject: Test Procedure 'for Core Misalignment Test PEP RC-10,1970

To: S. W. Smith
WC 711

Ref. Above subject test procedure, S. W. Skith, July 14, 1970.

Eis letter provides the basic core misalignment information requind for the
above reference testing. gr- LET/2R TO J,$ pg y

r- W e czte R . o y 70During the first scram testing phase, the blade should have 500 lb. excess -

weight above noma 1. H is is to demonstrate that the blade can be inserted
without stalling during quake lateral loading. For this first phase, scram
speed should be detemined with the core plate, upper guide and fuel channels
displaced relative to the upper end of the control drive housing by the max _inum

y amounts shown on Drawing 731E849. H is drawing shows the possible misalignment
effects due to component and installation tolerances combined with reactor assembly
differential thermal expansion and pressure effects.

De next testing phase should similate the effects of shroud rotation about its
supports during quake loading cor4ditions together with the effects of control
drive housing dynamic behavior during quake loading conditions. For this phase,
scram speeds should be determined with nomal blade weight and with the core plate
and w per guides displaced horizontally an additional 0.2 and 0.6 inch respect-
ively to that shown on Drawing 731E849. H e core plate and upper guide move together
in the same direction.

De effect on scran speed should be checked by initially deflecting the flange end
of the control drive housing and releasing it to simulate quake dynamic effects
(this is similar to the tests reported in APED-4853).

De final testing phase should include scram speed deteminations with normal mis-
alignment and blade weight but with the midpoint of the fuel channel bowed in progressive
ira.-uts to a limit of 1 1/2 inches (with the ends siaply supported). The four
channels surrounding the blade should be uniformly deflected together,by jacking
or tensioning them. His test is to sinulate fuel channel loadings up to the channel
yield collapse st limit at operating tagerature.

$
F. E. Cooke E[I- LC-TTEf 13 l.C Fot'Eh From F.c , %c,

.

Reactor Assenbly gpcp 4 jeg 79 , in oWC 743 "

" " " " '
6< DEC - 81971~
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M8y 12, 1970 l
(_ i

ec: 1.n, yes,,

R.E. Uilliaan |

F.F.. Cooke '

.

J. Frita
M/C 135

Replying to your quantion about misalienment of top Ruide and core aunport platen
for use in your test program, I hnve the following consen:s: 1

Recent vendorn deviations have caused us to establish what is the maximum ennunt
of variance from true ronition that we util accept. This study has shown that
the total amount of offset between top guide and enre nupport plate vill be limi-
ted to .093 inch. Further offneta can be exeected an shovn below.

.008 Top Cuide master hole selection' tolerance f
i

.008 Core Plate master hole selection tolerance

.015 Field alinnment tolerance of top guide to core plate. ,

Total .031

'
Therefore, the total offset between the top guide and the core support plate due

\ to manuf acturinn deviatione and field installation tolerances could be 0.124 inch.

Misalignment due to C.P.D. penotrations deviatinn frne true ponition could cause
an additional .060" misalignment.

I further suggest that for a more detailed criteria on misalignments, refer to
*

APED 4835, titled " Locking Piston control Rod Drive Desf en Evaluation Tests",
in particular. Page A-9 which shows the resultine, drive friction on pounds re-
sultine from various misalinnmentn. For this tegt, the offget van an hinh as
133% of design criterie, which resulted in a misaltaneent of the ruide tube from
true vertical position of 7/8" over a 17 foot length, or an anc,le of offset of
the guido tube equal to O' 15'.- This should be applicable to your test, and would
serve as a camparison of the old design and the new design.

I

R. J. Mbekowski
Reactor Assembly
N/C 743

/bh
.

q DEC - 81171
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O SUPP ementl
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kUS'

Test Request Number Supplement Number ;

) EART)QUAfE MlfE 011SALimeENT |

Equipment P/N R/N i

,

,

1 1

'

Specif otion No Spec. Sect. No W.O. No 05475 i
,

:

i
j PURPOSE:
1 1

i,

i
1 Te defereine serem shorectoristics ender different condlflens of core elsallernent

and earthquehn Induesd deflections. );

j !

j Itsess m esseBI TEST EOUIPMEN_T: |

] 1) Drive - - - - - S A 880
i 2) Iedex Tube - - - S/N 540

'

1 3) Pisten Tube - - 1/N 442 i

'
4) collet - - - - -

) VEST PROCEDURE:

NOTES: 1) The cognizant omgIneer aust be present during all testing.,

| 2) Record all data durin0 testing.
l
3 ,

PHASE I I

| I) _Additlenel Egulpment hoguired:

A) Stadtfled sentrol blade (750 lb tetel weight)
4 8) Modified fuel support emoting
| C) Retalning piste for fuel bundles
,

) 2) Test PactiIty Modtftestlensi

!

| Al Memove fuel bendles, fuel espport eastlsg and the sentret blade.
! 8) lastell the sedified sentrwl blade. (Use extreme testion when headling this
i blader it solghs 758 lbs.)
j C) Install the endified feel r;; d conting oriented such that the open reds
i are in line with the equere weights en the modtfled samtrol blade.
| D) lastell two feel esseebiles and ettsch the rotelning plate.
i

3) leapect Drive:
,

! A) Carefully inspect the sollet, nettne the senditlen prior to teettg. Pty
a partleuler ettenties to the collet fingere.

8) leapest the notches on tha. ladow tube and note any shipped estehee. Measure.

) the bem of the Inden tube. .

: C) feepeet all tener surfenen that een esmo into eenteet with the feden tube and
wority that the surfesos are steen and free of defects. Pey porticolor:

i ettention to the type of defect which could be ce by rvbbisig egelnet the
! Indem tube. . /

'

Requestor 1 all TN n t. / 71/ ApproveV ' 6 "ote " 'o

n amn
j fa ^*w| d'"- u. ...,...m . .e.

;
i
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*

TE5T RE9UE5T ..P ig To.i nm e.,
O suppiement

0Test Request Number Supplement Number

EARTHQUAIE C0fE MISAlleMW(T
Equipment P/N A/N

NDSpecification No Spec. Sect. No W.O. No

PURPOSE

MODIFICATIONS:

TEST PROCEDURE:

D) . inspect h sped being sure the fingere are straight end not demeped.

d) Assemble and leek shock N drive.

5) lestell h Drive is the vessel:

A) h a esepling N drive, be very coroful so the sped doesn't hit W hoevy
blade too herd.

8) to sure no laterferoness aufst la h drive line - W weights on W blade
must sleer during N entire stroke.

C) h settle circuit should be set se the drive will settle very slowly.

6) Os 2 (tes) full strohs drive tremos (drive in only).

NOTE: Por elI seren testles W system wIII be set up as fofIows:

A) Asesmuister eherpe = 575/1510 -

8) Inlet lies less 390 pel e let GPM (sold) *=

C) dis d ergo line less 244 pel 8 29.6 OpM (cold)=

0) Seren valvo esse pressero 100 pel=

1) All vessel temperstores are N saturetten temperstwres et N speelffed
pressure.

7) De 2 (tes) fell strets serens et ambient preosvre.

8) to I (eas) drive la trose at sablent prosauro.
Y-9) De I (one) drive la trees et 1930 pel

10) to 5 (five) tell stroke aerens et 1030 pel.

II) to I (eas) defwe la trees et 1830 pol.
,

n te Approved W D. Date_Requestor o
,

3% 36 Abn
C3 - 81971 uq ,,, ,,. g 2, , , , , . , , , , , ,
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TEST REQUEST i

i e To t ame.,

O supplement

Test Request Number Supplement Number
i
i EAMTMQUAME C0fE MilALI
| Equipment ,/N

j Specification No Spec. Sect. No W.O. No-
i

}

{ PURPOSE:

N

i
:

$ 1

1

! MODIFICATIONS:

a ,

| I

!
I
'

TEST PROCEDURE:

32) to 2 (two) vessel screes et 1930 psi (full stroke)..;

1 1

j 13) De 1 (ees) drive in trees et 1930 pst.
;

! 14) Do I (ano) drive h trase et 800 pol.
I

j 15) Do 2 (tus) full stroke scrues at 800 pol.
i

j 16) De I (one) drive la trees at 800 pol. |

17) Do I (seet drive in trees at es6 font pressure.
|,

! 18) Bo 2 (tus) tuli stroke aerous et unblent pressure. '

i

;i 19) Do I (ees) drive in trase at aattent pressore.
i

{ 30) Itonovo drive end look check.
i

1 ft) Disassentle end lasport drive.

:
u

i

:
i
4

:

*': bi .

| 31iE% b C,

ger . S """**,i
i

| 3,,. .. ... , , e .. .. 4 9 i--

n te APProM Date - ,j
} Requestor o
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WECK ONE: '# ' ' 3
TE5T RE9UE5T

1
O T e n.,...,

| g soppi. .ni
1

| Test Request Number A-3?S Supplement Number i

I f Q- e Core
j Equipmen, Mimallymaat P/N t/N
I

Specif cation No Spec. Sect. No W.O. No 05475_-

PURPOSE:,

i

| To dotaruins any offsets en scess of nominum empacted core alsollemeat due to
] fabricetten and Installetten tolerances.
1

1

1 MODIFICATIONS:

!
~

' tilaalign 30" vessel por etteched shetch.

TEST PROCEDURE:

TEST EQUlpIWif

l) Drive
2) Indow Tube
3) Platen Tube-

4) tieds
5) tules Tube
6) Demmy hundles

NORS :

13 h espalzant tosineer snet be present daring all testing.
2) The date to be resorted are the neraal ;;:_- t-. rolsted to shim, drlwe and

-

seren functlene. There are me special p; 1.. to be recorded. IIsoord all
date during testig.

PNA$f 11

l) Inspect osupements per!ag partleeler ettention to any defects that may beve
been amused by rubbing of the moving eenpenents.

A) laspect golds tube.
B) locW f%el bundles.
el lamp.'.t blade.

We
DEC - 81971
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,

2.
,

!4

2) Inspect drive. .

A) Inspect the index tube paying particular attention to any condition
that could be caused by rubbing during operation.

t

9) Inspect all Inner surf aces of the drive that can come into contact
,-

with the index tube and verify that the surf aces are clean and f ree of '

defects, paying particular attention to the type of defect which could '

by caused by rubbing agelnst the index tube. !

3) Assemble and leak check the drive. f
4) Install the drive in the vessel and set up the 30" system for normal drive [

operation. '

NOTE : ;

!
For all scram testing, the system will be set up as follows unless otherwise
Indicated 1 !

!

A) Accumulator Charge 1510/575=
,

B) Inlet line loss 350 psi e 108 GPM (cold) j=

C) Discharge line loss 248 psi e 29.6 GPM (cold) ;=

D) Scram valve dome pressure 100 psi=

E) All vessel temperatures _ are the saturation temperatures et the specif iej
8pressure.

i

PERFORM TESTING AS LISTED BELOW ,

Ambient Pressure

1) Two f ull stroke drive traces (in and aut)
2) One jog trace (in and out) "

3) One settle f riction trace <

4) Two f ull stroke scrams ,

5) One settle f riction trace ;

500 psi
|

6) One drive trace (in and out)
7) One settle f riction trace
8) Two full stroke scrams
9) Two full stroke vessel scrams
10) One settle f riction trace
11) One drive trace (in and out)

<

- .
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,

I
! !-

3. :
!

800 psi
t

12) One drive trace (in and out)
13) One sett le f riction trace
14) Two full stroke scrams
15) Two full stroke vessel scrams '

s 16) One settle f riction trace
17) One drive trace (in and out)

1030 psi

18) One drive trace (in and out)
19) One settle friction trace
20) Five full stroke scrams
21) Two full stroke vessel scrams

i22) One sett le f riction trace -
i

23) One drive trace (in and out)
.

i

| Ambient Pressure j
''

24) One settle f riction trace
25) Two f ull stroke scrams

| 26) Two full stroke drive trace (in and out)
'

27) One f ull stroke Jog trace (in and out) ;

28) Remove and leak check drive "

29) Disassemble and inspect drive not|ng any conditions different from that
at the beginning of the test. Refer. Steps I and 2.

30) Remove'and Inspect fuel bundles "

31) Remove and inspect blade

NOTE: 500, 800 and 1030 psi testing may be deleted (f no significant iaffects are seen at ambient pressure.
1

:

|

|

t

-

'' '- ;.- -

;
.

,. .
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, CHECK ONE: '
PAGF OF

0 Test Reqv.,, TE5T RE9UE5T ;

a suppi...nt

Test Request Number A-378 Supplement Number 7
Earthquehe Core '

Equipment Mlselig W P/N t/N
; ..

1 Specification No Spec. Sect. No W.O. No 09475
-

!

PURPOSE:
'

i

j To deterwine any effects en seren of mestous expected core elsellequent dwe to
j febrication and Installetten tolerances plus earthquaks Imfuoed deflections of

N oore plate and top guide.
,

MODIFICATIONS:
;

f Mlsellge the 30" vessel per attached sketch.

!

] TEST PROCEDURE:
1 |

: I

i TEST EQUIPsefT

E I) Drive,

2) Index Tube i

3) Platen Tube
1

d) Sledo '

5) eulde Tube
6) thmer Bundles

WOft$r

il The econizant Engineer must be present during all testing.
2) The dets to be recorded are the normal parameters related to shim, drive eed I

seren functlens. There oro no special parameters to be recorded. Record all
dets dering testing,

pMASE III
.

1) Inspect enoponents paying partleuler ettention to owy defects that mey have
been soused by rubbing of the moving -: ;:n.i..

A) Inspect golde tube.
.3) Imepect feel bundles. Tc.-

_

' (" DC) laspect blode.
3 ? 3 % % t7 $,

'

co--.m 1s .. w '.
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.

2) inspect drive.

A) Inspect the index tube paying particular attention to any condition
that could be caused by rubbinc during operation.

B) Inspect all inner surfaces of the drive that can come into contact,

- with the index tube and verify that the surf aces are clean and f ree of ,

defects, paying particular attention to the type of defect which could
by caused by rubbing against the index tube.

3) Assemble and leak check the drive.

4) install the drive in the vessel and set up the 10" system for norrel crive
operation.

NOTEj

For all scram testing, the system will be set up as follows unless other isu
indicated:

A) Accumulator Charge 1510/575=

B) inlet line loss 350 psi 8 10B GPM (cold)=

C) Discharge line loss 248 psi e 29.6 GPM (cold)=

D) Scram valve dome pressure 100 psi=

E) All vessel temperatures are the saturation temperatures at the specified
pressure.

PERFORM TESTING AS LISTED BELOW

Ambient Pressure

1) Two f ull stroke drive treces (in and out)
2) One Jog trace (in and out)
3) One settle friction trace
4) Two full stroke scrams '

5) One settle f riction trace

500 psi

6) One drive trace (in and out)
7) One settle f riction trace
8) Two full stroke scrams-

9) Two full stroke vessel scrams
10) One settle f riction trace
11) One drive trace (in and out)

.

Ro
n3aAun

_n.,, .. . w , u ~ 1 5
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|
|

800 psi
!

.

l

12) One drive trace (in and out)
13) One settle friction trace
14) Two full stroke scrams
15) Two full stroke vessel scrams
16) One settle f riction trace"

17) One drive trace (in and out)
1030 pst

IB) One drive trace (in and out)
19) One settle f riction trace i

!

20) Five full stroke screms
21) Two full stroke vessel scrams
22) One settle friction trace
23) One drive trace (in and out)

Ambient Pressure

24) One settle friction trace
25) Two full stroke scrams ;

26) -Two full stroke drive trace (in and out) I27) One full stroke Jog trace (in and out)
28) Remove and leak check drive
29) Disassemble and inspect drive noting any conditions different from thet

at the beginning of the test. Refer. Steps I and 2. .

'30) Remove and inspect fuel bundles
'

31) Remove and inspect blade
;

F

,

NOTE: 500, 800 and 1030 psi testing may be celeted if no significant i*

affects are seen at ambient pressure.
,

!

,

(

|
|
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' ' 'CHECK ONE:

TEST RE9UESTO T=t a vatm
i @ 5epplement

A 0 3Test Request Number Supplement Number

EARfHOUAKE CDIE
NIIALIEquipment P/N t/N

U3727
$ ification No Spec. Sect. No W.O. No

,

PURPOSE:

To determine effect of bowing the channels on drive performance.

MODIFICATIONS:

Install abannel how equipment.

TEST PROCEDURE:

1) Deste Test
A) Drlwe %e CW4D in using CNiing water (tvlos).
B) Perform settle frictice t6-t.
C) Obtain two-delw troess
D) Perfere two screes (1510/575).

2) Displesoments of bewing plate et which bedic test is to be repeated;
0, .3, .6, .9, 4.2, l.5.

3) All testing Is to have engtasering cowrage, and M approval prior
+e seen step of esen test.

.
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I 1CHECK ONE: PAGF OF

TE5T R E 9 U 6| 5 TO T t a.qu..,

B 5vpplement |
,

Test Request Number Supplement Number
'

Barthquaka Cars
Equipment Dal f .t p/N t/Nr

SpEffication No Enec. Sect. No W.O. No !

)

PURPOSEi

contime channel how tests of Suppiament 3.

MODIFICATIONS:

.

i

TEST PROCEDURE:

A) After 1.2 ed 1.5, back off to O then set displaemment at .6. Repeat Para. 1 of
.%pplament 3.

B) Cold Hydro
1) At .9 displasmant, run 2 am==ilator (1510/575) m scrams, and two vessel
scr e at 1030 psi. Also one ammmiator scrum at 900 and 800 psi vessel
Pressure.
2) At 1.2 and 1.5, run one acessmulator scram at 800, 900 and 1030 psi.

C) Roset to .9 after .6 after 1.5 and repeat Pars.1 of Suppiament 3.

D) Hot Test at .9.

1) kai 2 mm-ilatar and 2 vessel scrans at 800, 900 and 1030 psi.

2) Repeat Pars.1, A., B., and C. of !bpplement 3 at 1030 pai.

E) Repost Para.1 of Suppiament 3 at 0 vessel pressure after the het test at .9
disp 1=e====t.

;

?! O "

L
.
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!CHECK ONE: PAGF OF

TE5T RE9UE5T0 Test neques,

Q Supplement |
,

Test Request Number A-37A Supplement Number 9.

Earthquake-

Equipment h Mimall; --+ P/N A/N
! .

Specification No Spec. Sect. No W.O. No il tTrf,

!
PURPOSE:'

i

l I
i

|

MODIFICATIONS:
|

)

TEST PROCEDURE:
1. Repeat 0 displacement tests per Supp. 3 ;
2. At 1.5 displacement and 800,900 and 1030 pel cold hydro, perform two l

accumuietor serans (l320/710).
3. Repost 2. with 1580/875 accumulator.,

4. Rnpeat 2. at 1030 pal with 1510/575 accumulator.
5. Deflect CRD housing .5 inches and repeat 4. i

6. With a quick release, rolesse CRD housing and at the same time, repeat
4

f
I 1

: 1

,

|
.

!.

I
1
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