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REFERENCE:

1) . 1970 PEP QC002, RC10 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).

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

$) 731E849 Control Rod Clearance Study.

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

1.0 INTRODUCTION:

In order to evaluate the scram characteristics of the control rod drive during
an earthquake, a three phase test program was drafted and executed. Each phase
vas designed to simulate one of the core conditions resulting fromw an earthquake
as defined in ref. 3. The program was authorized and funded as a PEP (see ref.

162).

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 & 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 driveline,
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 102,

C. At vessel pressures between BOO and 925 psig, the CRD will mot full inmsert.

2.2 Phase 2
At maximur misslignment conditions due to drawing and installation toiermces. there N
was no significant effect on CRD performance. T
~O.
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2.3 Phase 3

A. ~Additional static misalignment to simulate a possible earthquake condition when

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
B85%. At 1.5" bow and 1030 psi the CRD stopped at 42 or 17%. All scram tests
were conducted with & static bow.

C. Channel bows at 0.9" at temperatures up to 546°F and 1.5" at ambient conditions
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
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 @ 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 & spacer was used at the top
grid to hold the twe remaining fuel bundles in proper position.

Testing consisted of running drive trsces and scrams. A drive trace consists of
recording drive pressures, position and time, while continuously inserting and
withdraving the CRD. The drive system was edjusted to provide a slower than normal
drive insert and withdraw speed of approximately one inch per second. The scrams
vere performed from the fully withdrawn position with an accumulator gas precharge
of 575 psi and & 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 (celd hydro) ]l drive trace, 5 accumulator scrams, 1 drive trace,
2 vessel scrams, 1 drive trace
800 " " 1 drive trace, 2 accum. scram, 1 drive trace
1 vessel scram, 1 drive trace
00 e i+ 1 scoum. scram, & 1 vessel scram
950 - - 1 sccum. scram, & 1 vessel scram
825 2 pe 1 sccum. scram, ! vessel scram & 1 drive trace
23 1 drive trace, 2 sciams, & 1 drive trace
s, ¥
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3.2 Phase 2

The second phase was intended tc
maximur expected core misalignmen

The lower core plate was wigalign

W W
o o

as defined in 731EB4Y (ref.
hole position for a total of
The top grid was misaligned
as defined in ref. &.

a
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target misalignments. An oj
arget points and measure t
of the alignment system it

Testing was similar to phase 1 witl e ad on of jog traces and
friction test. Jog traces consist of n uring iving pressures
and time as the drive was jogped in and

stroke, Settle friction testing consis

drive piston as the drive settles back

Testing consisted of two drive tiaces, one jop trace, pttle friction, tw
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
vas repeated. No testing was performed at higher vessel pressures since nc
effects of misalignment were observed on CRD performance at ambient conditions.

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 1 was in addition to and in a plane 90° to the phase 2 misalign-
went Fig. 2 defines this condition where the target displacements were "A"=, 166,
"B"#.042 (.166~.124m.042), "C"=.20 and "D"=.60.

With this misalignwent established in the core plate and top grid respectively the
following testy were performed:

Vessel Pressure (psi)
23 (ambient) drive treces, 1 jog trace, 1 settle friction,
scrams & 1 settle friction
B00 cold Bydro sccum. scrams & 2 vessel scrams
500 & B0O0 Hot drive trace, 1 settle friction, 2 accum.scrams

vessel scrams, 1 settle friction,]l drive trace

LE & 0
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Vessel Pressure (psi) Teets

1030 Hot ]l drive trace, ] settle
2 vessel scrams, ] sett
trace

23 (ambient) 1 settle friction, 2 scrams, 2
l jog trace

The B00 psi cold hydro was run in order to determine if the effects seen d
ambient testing warranted hot testing The answer was yes and hot testing
B 5

Part 2 testin as p 0T varying amounts of bow in
was aligned prior to bowing. The bowing was accompl b

F
center bars of e Bui \ ; fuel bundles with a t

ime

ished
je

vadai
nstalled and the channels drilled to line up with tapped hol
'1g. 4, S The four bundles were then held together in
orientation while a plate was bolted, through the channels, tc

A scissors jack arrangement was installed to the plate as shown

assembly was lifted (see Fig. 8) and lowered into the 30" vessel.

Jack slipped onto two pins on one of the “T" bars which are welded to the
of the vessel. The top grid was then installed using 1/2" pins to taie
loads (see Fig. 9).

Before the fuel assembly was lowered into place, an optical target sceéle was
clamped to the plate The alignment scope was used to view the z-ale., The scope
in its mount is shown in Fig. 10, and the view of the scale through the scope 1is
shown in Fig. 11. The cross hairs of the scope were lined up on a number, ther
after 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. ., 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 CRI
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 driveline friction in the insert direction.

To facilitate the witing of the test reguest and the running of the test, a
basic test was defined as follows:

Two cooling water driving traces.
One settle friction trace.

Two drive traces.

Two accum. escrams (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 etarted as soon &s
the effects of bowing were deemed significant, 1i.e. 0.9 inch bow. Second, after

1.3 and 1.5 inch bow the jack was backed off to 0 bow to verify that the channels
were still 4n the elastic range. Then, the bow was increased to 0.6 to determine if
any damage hed occurred due to testing.

nEv
0
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|
The next point 4is that the 0.9 inch bow hot tests were r to verify that the
hydro tests yield resulte which arevery close to the hot ndition. It s!
noted that the optical scale was removed prior te going hot
After hot testing, an attempt to return to zero bow faile A galled threa
the jacking screw caused the mechanism to bind up at about 7 bow The

| were removed, disassembled and inspected at this point The contr Y

‘ support were also removed and inspected

| The fuel bundles were reassembled with some new cables (see cable in Fig. 4 &

f and reinstalled in the vessel. Tegting continued & shown in Table 4 The ren ng

5 tests were performed in order to demonstrate high energy ram effect Ny pre TR

| increased from 575 to 710 to B75 3 ig) ar to determir RD housing deflect

| had anv effect on s raming

; One other dimensional check was made in conjunction with returning the channels t

| zerc bow after the final 1.5 inch bow tests The dimens r between the top gri

| and the T-bars on the vessel wa wvere determined under bot ade ar nloade
conditions This was to ascertain if ar movement f the t gri urred d t

| loading which would invalidate the amount of bow wt was measured on the s ¢

|

| 4.0 TEST RESULTS

|

|

| 4.1 Phase ] ;

| The primary piece of data from phase 1 is scram time At Zero veese pressure, the

{ times to 902 stroke were between 1.725 and 1.74]1 s which is slig y slower tt

| the 1.6 second normal; ver, at B8( psi vessel pressure the ive stoppe aiter
2.2 seconds at positior At 900 psi, the drive stopped after 0.6 secor at
position 2¢ In additd at both vessel pressures the CRD did not move dusdng-a
fifteen second vessel scram, (accumulator valved out ;
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 scran |
The conclusion is that if the CRD sees an sdditional friction load of 500 pounds, ;
there will be reduced speeds at normal operating pressures, and within some pressure
spread less than 925 pei, full stroke will not be achieve The additionsa
possibility exists that no CRD motion will occur at these lower vessel pressures

The results of phase 2 testing were that
performance due to expected fabrication
were 1.54B pec. aligned and 1.558 misaligned.
902 scranr time spread for CRD #B8C

there wae no detected change in
and installation misalignment. S
Both times were within the
(Engineering test CRI

Settle friction ranged from 40 to 45 psi Le

ranges are normal.

aligned and 39 pei

misaligr

CRI
cranm times

norma.
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The drive trace vas likewi
datas is presented i he attac!

&.3 Phase 3

During initial testing o Y of § phase, the dat
part 1 test data tion) 1dicat . decrease in settle
mately 5 psi. This car nd was interpreted as increas
times and driv ormance ]

if the in
sure, scram testing
imes were normal

V:‘k

channels
16 shows
detected

ce litt ) ¢ ‘ t drive performance were found, it is concluded
-

un
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Part 2 of & testing phas vas channel bowing. As the amount of bow was
increased incrementally to 1. nches, and primarily between 0.6 and 1.5 inch,
the distance of the control rod would travel decreased Fig. 17 shows that
(1510/575) scram travel is a function of vessel pressure and bow. That
is as the amount of bow increased the amount of travel decreased. Also, at
elevated vessel pressures the amount of travel decreased. 1In Figure 17, the
travel is shown to be wore at 1030 psi than at B00 psi vessel pressure. This
effect of vessel pressure can be predicted and explained from the scram profi)
(see Fig. 15). The other variable, bow, was predicted as the results of the
friction observed during the cocling water drive test (see Fig. 1B). As can
be seen, the cooling water pressure and therefore the friction, increased gre
a2 bow increased. Once 0.9 in. bow tests were run and the stopping point, pos
07 at 1030 psi was observed and the corresponding cooling pressure, about (
vas determined, then it could be anticipated that at 1.2 inch bow and 103(
the drive would stop near position 12. Likewise, at 1.5 inch bow and 103(

;
er it ond ons the lateral deplacement used in this test will have
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position 40 could be predicted. The horizontal line on Fig.‘}l/nt 255 psi 1s the
évidence of the repeatability of the stopping point.

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

The significant fact of this data and figure» 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. 1If 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 to 0.6". The channels were shown to be elastic when the jack was backed
off from 1.2 inch and 1.5 inch bow. Note, however, that no hot tests were run
at 1.2 or 1.5 inch bow. 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
@& test was run after a given bow was set the bundles moved back about .03, At
1.2 and 1.5, the scope had to be reinstalled after cold pressure tests. The .03
was not taken into account when reinstalling the scope. Therefore, when backed
off the final position 4s 0.03 above 0.

1f yielding were to occur at 1.5 inch bow and 1030 psi, 546°F vessel conditions,
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 tc 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
plot for 0.9 inch bow. Cooling pressure increased, decreased then increased to
its high of 300 psi. Settle friction pressures, which decrease with increased
friction, decreased until the drive would not settle, then increased and decreased
to zero again as the cooling pressure changed. This correlation supports the
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 1s 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, decreesing load and friction st thc bottom. Frictiom increases

again as the roller picks up the other side in 21C and contact occurs at the
middle and bottom.
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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.

Referring to Figure 21C and 22, it would be expected that wear marks would be
found on the upper and lower areas of the north and west channels as well as in
the middle of the south and east channels. 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

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

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

blocks were, a wider spot of wear occurred. Such a mark indicates some distortion
of the channel shape at that location.

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 faced 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 halfway point, the loading of
the rollers is as in D. The loading in the middle 1s as in E, and the bottom is
again as in B. The result is the same with rubbing occurring as in C. The

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 152 for s total of 30% with 1320/710 charge, and 40% more for a total
of 55X with 1510/875 charge. These were at B0OO 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
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. The
maximm difference was .016 inch which was not considered significant.
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TABLE 2
TEST SEQUENCE

Vessel
Pressure

(s
23 (ambient)
23 (ambient)

(ambient)

(ambient) X None

030 cold Hydrc 2 accum scram
2 vessel scrams
800 & 900 1 accum scrar
23 (ambient’ ) 1 None
800, 900 and
1030 cold Hydrc
23 (ambient
800 n scram
ressel scrams
accum scran
1030 vessel scram
(ambient) . cooling trace
accum scram
(ambient) X None
(ambient) X
00 & 900) Part D 2 vesse]l scrams
1030 ) Hot Parts A, B and 1 drave trace
} n
23
23 (ambient) None
800, 900 and 2 accum scrams
1030 cold Hydro (1320/710)

-

¢ scrams (1510/875)
1030 2 scrams (1510/57%)
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. TABLE 2 (cont.)
1.5 with 1030 cold Hydro 1 accum scram
.5 CRD housing (1510/575)
displacement
1.5 with 1030 cold Hydro 3 scrams (1510/57%)
osolating
CRD housing
1.5 with 2 accum scrams
.625 CRD 1 dynamic
housing 1 static
displacement
1.5 Part D
28 0
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NW A

L -
"B" Tep Grid a:;

Displacement

("A" Minus Top
CGrid Misalignment)
(See Table 1)

i .

‘F "A" Lower Core
| Plate Misalignment
(See Table 1)

Two points which
estiéblish CRD housing
{ centerline

FIGURE 2
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Plane of Phase 3, Part 1
/ Misalignment
™
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\ ™\ Plane of Phase 2
2 Misalignment
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July 28, 1970
subject: Test Procedure for Core Misalignment Test PEP RC-10,1970

~ To: S. W. Smith
M/C 711
Ref. Above subject test procedure, S. W. Smith, July 14, 1970.

This letter provides the basic core misalignment information required for the

above reference testing. ger LETIR 70 S ey
3 . ‘ (= +EoM FC.lxke M. 10 4,
During the first scram testing phase, the blade should have 500 1b. excess 0

weight above normal. This is to demonstrate that the blade can be inserted
without stalling during quake lateral loading. For this first phase, scram

speed should be determined with the core plate, upper guide and fuel channels
displaced relative to the upper end of the control drive housing by the maximm
anounts shown on Drawing 731E849. This drawing shows the possible misalignment
effects due to component and installation tolerances combined with reactor assembly
differential thermal expansion and pressure effects.

The next testing phase should simulate the effects of shroud rotation about its
supports during quake loading conditions together with the effects of control

drive housing dynamic behavior during quake loading conditions. For this phase,
scram speeds should be determined with normal blade weight and with the core plate
and upper guides displaced horizontally an additional 0.2 and 0.6 inch respect-

ively to that shown on Drawing 731E849. The core plate and upper guide move together
in the same direction.

The effect on scram 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).

The final testing phase should include scram speed determinations with normal mis-
aligment and blade weight but with the midpoint of the fuel chamnel bowed in progressive
increments to a limit of 1 1/2 inches (with the ends simply supported). The four
channels surrounding the blade should be uniformly deflected together by jacking

or tensioning them. This test is to simulate fuel channel loadings up to the channel

yield gg‘llq’sw limit at operating temperature.
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May 12, 1970

ce: I.R, ¥obea
R.E. Mlltane
Y.r. Cooke

J. Frite
N/C 135

Replving to your quention about misalipnment of torn suide and cure sunport nlaten
for use in vour teat rropram, 1 have the following commen a:

Recent vendora deviations have caused us to establish vha. {8 the max!‘mum amount
of variance from true ronition thot we will accept. This atud- ham ahown that
the total smount of nff{set betveen top guide and eore murport rlate vil1l Le 14mi-
ted to .093 Inch. Further offmets can be exrect:d an shovn below.

.008 Top Cuide master hole selection tolerance
.00B Core Tlate master hole selection tolerance

015 Field alignment tolerance of top guide tc core plate.
Total .031
Therefore, the total offset betveen the top guide and the core support plate due
to manufacturing deviatione and field fnatallation tolerances could be 0,124 inch.

Misaligmment due to C.P.D. penotrations daviating from true poerition could cause
an additfonal 060" misal!gnment,

T further sugpest that for a more detailed criterias on misaliciments, refer to
APED 4835, titled "Lockinp Tieton Control Rod Drive Desfcn Evaluation Tests',

in partieular, Page A-7 vhich shows the resultine drive friction on pounds re-
sultineg from varfous misalfenmentn. For thie teat, tho offset war am hirh as

1331 of desfzn criteris, which resulted in a misalianrent of the puide tudbe from
true vertical position of 7/8" over a 17 foot length, or an anrle of of feet of

the guido tube equal to 0° 15'. This ahould be applicable to your test, and would
#erve as s comparison of the old desipn and the nev denign.

R, J. Murkowsk{
Kaacter Assembly
n/C 743
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CHECK ONE: PAGE ____OF __*

B Sobianie TEST REQUEST

[T Supplement

378
Test RequestNumber_______ __ _ __SupplemertNumber
m m muum

Equmom____._ r s | SIN -
Spocifocov»on NO oo Spec. Sect. No WO No_ Q%473
PURPOSE

Yo éeterulne seram charscteristics wndar dlfferont conditions of core misel igrmant
and sarthquake Induoed deflections.

1) Drive « =« ~ = $/w 680
2) Index Yebe - - - §/N 540
3) Plrten Tube - - §/N 442
4) Collet - - = - ~

TEST PROCEDURE
NOTES 1) The cognizant ong!neer wust be present during all teeting.
2) Recerd gi! deta during testing.

PHASE |

1) Additionn! Equipment Mequired:
A) Med!fled sontrol biode (730 b tets! welight)
B) Medifled fuel swppert eneting
€C) Mwtaining plate for fuel bumdies

2) Yest Pacllility Mod!ficetions:

A) Pemove fue! bundies, fwe! swpport casting and the contrel blsde.

§) install the mod!fled contrel biade. (Use extreme cavtion vhen handling this
biode; It welghs 750 Ibs.)

€) install the modifled fusl suppert casting erlented such that the open rods
ere In (ine with the sauare weights on the mod!fled control biade.

R} ingtall fwo fuo! eevesb|lons ond attach the retaining plete.

3) lisapect Drive:

A) Carefully Inspest the enilet, noting the eond(tien prier te tenting, Py
porticuler gttertion to the allﬂ fingors.

B)  Imspect the motches on the [ndex twbe and mote smy chipped notches. Meesure
the bow of the [ndex twbde.

C) inspect all lamer swrfscet That can osme [nte contpet with the inden tube and
verity that the surfeces are clesn and free of dofects. Pey particuler

Fttontion to the type of dvfect which could be by rvbbing age!nst the
Indax tube, 9
~ R
Requestor_o2. *ull 7H Date. ./ Approveda ,é__.._.ﬁc,,n___.
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CHECK ONE: PAGE_ 2 OF _,‘3___
ok Tost Request TESTY lEOUEST ;o

[ Suppiement

Test Regquest Numbcr,h,.,..-n.
EARTHOUAKE CORE MiSAL | BNENT

_ Supplement Number_______

Equipment P/N B e T e e
SpecificationNo.______________________ Spec Sect No.____ W.0. No__ 03473
PURPOSE

MODIFICATIONS

TEST PROCEDURE
D) Inspect the spud beling sure the fingers are stralght end not demaged.
4) Jasembieo ond lesk check the drive.

$) imstal! the Drive In the Vesse!:

A) Wher aowpling the drive, be very eareful 80 the spud dossn't hit the heavy
biode ton hard.

B) B swre no [nterforsnces exist In the drive (Ine -~ the weights on the bisde
syt clear during the eatire stroke.

C) The settie clreuit should be pet so the drive wlil settie very slewly.

) Do 2 (twe) fuli stroks érive trases (drive In enly).
NOTE: For all seram testing the systes will Do 20t wp as follews:

A)  Accumyister chargs = 9573/1510

B) Inlet line fass = 3% pel @ 108 GP (oold)

C) Blischarpe Iine less = 248 pal & 29.6 OM (eold)

D) Screm wvalve deme presswre = (00 ps!

£) ALl vesse! temperstures ore the saterntion temperatures gt the specifled
prossers.

7) Do 2 (twe) full stroks sermms ot asbliont proesvre.
8) Be | (eme) drive In froce of smblent pressure.

) 0o | (em) érive In frece ot 1630 ps e OSSR

10) Do S (flve) full stroke acrems wt (030 psl.

I1) 0o | (ens) érive In frece ot (630 pei.

Requestor___ Date_____ Approved . lus O Dote_._.
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CHECX ONE. PAGE___ 3 oF 3
X Test Request TEST REQUEST

() Supplement

3570
Test Request Number Supplement Number

EARTWOUAKE  CORE Iﬂﬂ.lw

Equipment e i R TN i ieiiet oy

Spoci!iucohon No - Spec. Sect. No woO No.__.___?.s‘_",5

PURPOSE.:

MODIFICATIONS

TEST PROCEDURE
12) 0o 2 (fwe) vasse! scrams ot (030 ps! (fu!l stroks),

13) Do | (ems) drive in trace ot 1030 psl.

14) Do | (eme) drive b trace ot 8O0 pel.

15) Do 2 (twe) full strohs scrams st BO0 psl.

16) Do | (ene) drive In trase at 800 psl.

17} Bo | (eme) érive in frace ot smblont pressurs.

18) Oe 2 (twe) full strelw scram of esblent pressure.
i?) Go | (ema) drive in frece ot asbiont pressure.
M) Ramove drive sad lesk ahech.

21) Disssesabio and |nspect érive.

EREA L

cowr on s 1 0O " No o 9

Requestor Date. Approved Dote TR
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CHECK ONE: PAGE.... - OF. 3. .

(] Test Reguest TEST lEQ“EST
E Supplement
Test Request Number__A-SPR _  SupplementNumber. 0
Eprtheuske Core
Equipmen: _ Misallgnmast = P/N I—— SIN S—
Specification No . e Spec. Sect. No — WO . No__ 05475
PURPOSE:

Te dstarming ey effects on scrom of suximum sspected core wise! gt dus to
fabrication ond (ratellotion tolersnces.

MODIFICATIONS

Migallign 30" vesse! par atteched shetch.

TEeST PROCEDURE

TEST EQUIMMENT

1Y brive
2)  indew Tube
3} Plisten Tibe

coprl zant Englnaer must be present during all Pesting.
&oty | paraseters relathd to shim, drive end
special parsmeters fo be recorded. Recerd ail

i} Inspect essposonts poy'ng particelar sttention te any defects thet aey hewe
base ouused by rvbbing of The meving eosponeats.

A)  inspect gulde tube.
) I = | bundles.
¢) lImmp..t blade.

AVINACT
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2) Inspect drive.

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

3) Inspect all Inner surfaces of the drive that can come Into contact
with the Index tube and verlfy that the surfaces are clean and free of
defects, paying particular attention to the type of defect which coule
by caused by rubbing ageinst the Index tube.

3) Assemble and leak check the drive.

4) Install the drive In the vessel and set up the 30" system for normz! drive
operation,

NOTE ;

For all scram testing, the system wil! be set up ac follows unless otherwise

indicated:

A)  Accumulator Charge = 1510/575

B) Inlet line loss = 350 psi @ 108 GPM !cold)

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

D) Scram valve dome pressure = 100 psi

E) All vessel temperatures are the saturation temperatures at the specifies

pressure. J

PERFORM TESTING AS LISTED BELOW

Amblent Pressure

1

Two full stroke drive traces (in and -ut)

2) One Jog trece (In and out) »
3) One settle friction trace

4) Two full stroke scrams

5) One settle friction trace

500 ps!

€) One drive trace (In and out)

7) One settle frictior trace

B) Two full stroke scrams

9) Two full stroke vessel scrams

10) One settle friction trace
I1) One drive trace (In and out)

DEC - 8 187
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3.

800 ps!

12) One drive trace (in and out)
13) One settle friction trace

14) Two full stroke scrams

15) Two full stroke vesse! scrams
16) One settle friction trace

17) One drive trace (in and out)

1030 gsi

I18) One drive trace (in and out)
19) One settle friction Yrace

20) Five full stroke scrams

21) Two full stroke vesse! scrams
22) One settle friction trace

23) One drive trace (in and out)

Ambient Pressure

24) One settle friction trace

25) Twe full stroke scrams

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

27) One full stroke jog trace (in and out)

28) Remove and leak check drive

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

30) Remove and Inspect fuel bundles

31) Remove and inspect blade

NOTE: 500, 800 and 1030 psi testing may be deleted {4 no significant
effects are seen at ambient pressure.

< DEC- 8 1M
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ENGINEERING CALCULATION SHEEY

DATE
sHOP OnpEr NO. CORE MISALIGNMENT - TRA- 378

SUBJECT .S SMITH —smeer_ | o 4
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TOLERANCES
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[¥ Supplement

Test Request Number__ AST8 Supplement Number_ &
Carthquaie Core
Equipment__ Misg!igrespet P/N SRR | R
Specification No i S Spec. Sect No WO No_ 03475

PURPQSE

To etermine sny effects on screm of mexlwue xpected Core miseligment dwe to
fadbrication snd Imstellatien tolerences plus serthauake Induced deflections of
the core plate end top gulde.

MODIFICATIONS

Wisalige *he 30" wvassel per stteched shetch.

TEST PROCEDURE

TEST EQUIMMEWT

E D riw
1) Index Tube
3) Pleton Tebe
6} Blade
5) Oulde Yube
6) ODwsary Buandlon

NOTES
1) The eognizent Englneer must be present during all testing.

2) The duts to be recorded sre the normal parmmeters felated to shim, drive end

scram functions. There are mo specia! peramsters fo be recorded. Fecord ol

dote during testing.

PHASE (11

1) Inspect components poying pertiguler stterntiocn to oy dofects that aey heve

boan covnod by rubbing of the moving components.
L) inspect gulde tube.

CHECK ONE: PAGE_...__.*OF____’.-._

7] Test Request TESTY REQUEST

8 Inepect funi bundles. e

C)  Inapect blade.

SEI2NALY
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2) Inspect grive.

A) Inspect the ingex tube peying particular attention to any condition
that could be caused by rudbing during operation.

B) Inspect all inner surfaces of the drive that can come Into contact
with the Index tube and verify that the surfaces are clean anc free of
defects, paying particular attention to the type of defect which coulc
by caused by rubbing against the index tube.

3) Assemble and leak cherk the grive,

4) Instal| the drive in the vessel and set up the 20" system for nurrzl arive
cperation,

NOTE +

e

For all scram testing, the system will be set up 85 follows unless octheryice
indicated:

A} Accumulater Charge = 1510/575

B) Inlet iine loss = 350 psi € 108 GPM (cold)

C) Discharge line loss = 248 psi @ 29.6 GPM (cold)
D) Scram valve dome pressure = 100 psi

E) All vesse| temperatures are the saturation temperatures at the specifiec
pressure.

PERFORM TESTING AS LISTED BELOW

Ambient Pressure

1) Two full 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 settie friction trace

500 psi

6) One crive trace (in and out)
7) One settle friction trace

8) Two full stroke scrams

9) Two full stroke vessel scramc
10) One settle friction trace

11) One drive trace (in and out)

“C-817N



3.

800 psi

12) One drive trace (in and out)
I3) One settle friction trace

14) Two full stroke scrams

15) Two full stroke vessel scrams
16) One settie friction trace

I7) One drive trace (in and out)

1030 psi

18) One drive trace !in ang out)
I9) One settie friction trace

20) Five full stroke scrams

21) Two full stroke vessel scrams
22) One settle friction trace

23) One crive trace (in and out)

Ambient Pressure

24) One settle friction trace

25) Two full stroke scrams

26) Two full stroke drive trace (in anc out)

27) One full stroke jog trace (in and out)

28) Remove anc leak check drive

29) Disassemble ang inspect drive noting any conditions different from that
at the beginning of the test. Refer. Steps | anc 2.

30) Remove ang inspect fuel bundles

31) Remove and inspect blade

NOTE: 500, BOO ang 1030 psi testing may be deleted if no cignificant
affects are seer ot ambiert pressure,

=817
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DATE
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CHECK ONE: pace_ ! _of 1
[ Yest Request TESTY IEOUEST
i Svpplement
Test Request Number A-378 Supplement Number 3
EATHOUAXE  CORE
Equipment .L““m PIN. _S/N
Specification No.___ ——Spec. Sect. No W.0 No.._.__~~.._g3727
PURPOSE:
Te doterming effect of bowing the channels on drive performancs.
MODIFICATIONS
instell ehanns! bow squlpment,
TEST PROCEDURE
)] Busic Test
Al Drive the CRD in weing choling water (twice).
B) Perfers settie friction fa-t.
C) ataln two-drive troees
D) Perform twe scrams (13(0/97%),
2) Dinpiscements of bowing piate ot which badic test Is to be repsated;
.. l,. o‘. o’. .o’, .o,-
» All terting Is to hewe enginsering coverage, ond JER spprowel prior
to sach step of aach test.
LzC -8 XN
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CHECK ONE: pace_1 _or 1
) Test Request TEST REQV ST
EX Supplement
Test Rogquest Number A-378 Supplement Number 4
Esrthquake Core
Equipment Misaligrment P/IN S/N_.
Spo;:i"ﬁcm&on No Spec. Sect. No Ww.0. No.___u_s_z.z_?__
PURPOSE:

Continme chamel bow tests of Supplasent 3.

MODIFICATIONS

TEST PROCEDURE:

A) After 1.1 mnd 1.5, back off to 0 then set displacement at .6. Repest Pars. 1 of

Supp lement 3,
B) Cold Hydro

1) At .9 displacament, run 2 scoumulstor (1510/575) m scrams, snd two vessel
scrams st 1030 psi. Also one sccumulator scram st 500 and 800 psi vessel

pressure.

2) At 1.2 and 1.5, run one scoumulator scram st 800, 900 and 1050 psi.
C) PMaset to .9 after .6 after 1.5 snd repeat Pars. 1 of Supplemnt 3.

D) Hot Test st .9.

1) Rmn 7 scomulstar and 2 vessel scrams st 500, 900 and 1030 psi.

2) Pepeat Pars. 1, A., B., and C. of Supplement 5 at 1050 psi.
E) Repest Para. 1 of Supplement § st 0 vesse! pressure sftsr the hot test at .5
ImComm t
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CHECK ONE: PAGE /_ OF [

O3 Tost Request TEST REQUEST
[& Suppleoment
TestRequestNumber_______A-3T8 _ Supplement Number 4
Earthquake
Equipment_Corm Mlisal | gomast P/N S/N
Spocif;cmuon No Spec. Sect No W.O No_ L=3721
PURPOSE:

MODIFICATIONS

TEST PROCEDURE

Repest O displacesent tests per Supp. 3

At 1.9 displacement snd 800 900 end 1030 ps! cold hydro, perform two
sccumy lator scrams (1320/710).

Repest 2. with 1510/875 sccumulator.

Repest 2. at 1030 ps! with (510/57% sccwmulstor.

Deflect CRD housing .3 Inches end repest 4.

With » quick relesse, reieess CRD housing end ot the seme time, repest
4,
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