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INTRODUCTION

During startup testing of relief valves for Quad-Cities Unit 2 on
Sunday, May 28, 1972, it was discovered that four pipe hangers for
the 24-inch torus suction header had failed. The reactor was
promptly shut down for investigation and repair of the failed

hangers.

The 24-inch suction header encircles the torus and provides a manifold
for the suction of the various ECCS pumps. The header is connected
to the torus by four 20-inch OD pipes spaced 90 degrees apart and is
supported by twelve hangers which are connected to the torus shell.
Three of the four fai'ed hangers were located within a 90 degree
segnent between two of the 20-inch connecting pipes resulting in a
maximum sag in the header pipe of approximately 5-3/4 inches within
that segnent. The pipe hangers consist of double strap horizontal

and vertical members connected to gussets which are welded to the
torus shell and the 24-inch pipe. Failure consisted of shearing the
bolts that were used to connect the vertical straps.to the gusset.
Investigation revealed no other damage or evidence of excessive stress
at the torus shell, the 24-inch header pipe, the 20-inch connecting

pipes, or the welded connections.
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2.0 DESCRIPTION OF RING HEADER AND SUPPORT SYSTEM

2.1

2.2

The Quad-Cities Unit 2 containment vessel consists of a light
bulb shaped drywell and concentric torus shaped suppression
charber. The suppression chamber is filled with water to
approximately mid-depth and a punp suction header (ring header)
is attached to the onutside of the torus. This header is a
24-inch OD pipe and is comected to the torus by short lengths
of 20-inch OD pipe. In addition to the four 20-inch header inlet
nozzles, there are six outlet nozzles which are used to withdraw
water from the header for the Residual Heat Removal System, Core
Spray System, High Pressure Coolant Injection System, and
Reactor Core Isolation Cooling System. The header is shown on
Chicago Bridge and Iron Company (CBI) drawing No, 216, Rev. 5
and No. 217, Rev. §S.

Header Support System

The 24-inch ring header (suction header) is supported by the
four 20-inch pipe connections and twelve hanger assemblies,
iire hanger assemblies have horizontal and verticul members
attached to gussets on the torus shell and the 24-inch header.
Details of the assemblies are shown on CBI drawing No. 218,
Rev. 1. The gussets consist of 1/2" thick plate welded to

1" thick pad plate which is then welded to the torus shell

and a 1/2" thick collar type plate welded to the 24" pipe.




The torus diameter is very large resulting in a radius to thick-
ness (R/t) ratio that is very large (300). The R/t ratio is a
measurc of the flexibility of t : shell and its ability to with-
stand concentrated loads. The pad plate is used at the torus
shell attachment in order to spread the applied load over suffi-
cient area to minimize stresses and deformations. The smaller
diameter pipe is stiff enough (R/T ratio of 30) to resist the

applied load by transfer through the yoke-type collar.

The horizontal and vertical double hanger straps originally
installed were 2 1/2" wide by 1/2" thick with a 13/16" diameter
hole at each end for attachment to the gussets with 3/4"

diameter A307 bolts.

Table 2-1 defines the ring header supports, inlet nozzles and

outlet nozzles along with their approximate orientation,



TABLE 2-1

QUAD CITIES UNIT NO. 2
HANGER AND NOZZLE ORIENTATION

Header Support  Approx. Header Nozzle Nozzle Approx.
Nunber _ Orientation Nunber Descrip. Orientation
1 67°30" X-204A Inlet 4.’
2 90° X-204D Inlet 135°
3 112°30° X-204C Inlet 225°
4 157°30" X-204D Inlet 1s*
5 180° X-223A IR 157°30°
6 202°30" X-223B RHR 202°30"
7 247°30" X-224A Core Spray 22°30'
8 270° X-224B Core Spray 337°30'
9 292°30" X-225 HPCI 337°30"
19 337°30" X-226 RCIC 292°30"
11 0°
12 22°30"
2.3 Method of Fabrication and Assenbly

As discussed in part 2.1 and 2.2 the ring header and hanger

assemblics are shown on CBI drawing Nos. 216, 217, and 218

for CBI Contract 9-6771.

The hanger clip assemblies (218-A

and 218-B) were welded to the torus shell prior to the sheil

being assenbled in the basement of the reactor building. With

the torus assembled in the basement the shop built header sub-

assemblies 216-B were attached to the torus penetration at the



2.4

field weld joints (see Dwg. 216, Section E-E for field weld
location). With these four subassenblics welded in place, the
remaining segments of the header were welded together utilizing
temporary supports for positioning. The completion of the
entire header welding was followed by the attachment of the
collar type gussets (pc. 5 on Dwg. 218) to the 24" pipe

header.

Because of the allowable fabrication tolerances on both the

major and minor diameters of the torus as well as the ring

header and the positioning of the header, the attachment of

the horizontal and vertical hanger straps could not be completed
with the as-built straps. The alignment of the horizontal and
vertical straps required some adjustments and strap modifications.
At some locations it was necessary to decrease the length of the
vertical straps by 2" to 2 1/2'"., Some horizontal strap

lengths were changed by amounts in excess of 2". The modifications
required to complete the alignment and assenbly of the pipe
hanger strops consisted of some torch cutting of bolt holes in
the collar gussets and hanger straps as well as torch cutting
the straps length to suit each installation. The original holes
were punched.

The hanger straps were connected to the gussets with 3/4",

JOUNC cap screws (bolts threaded full length). Due to the torch
cutting of some of the holes in the vertical straps, there was
some misalignment of the bolts and uneven distribution of the
load. This was evident from the installed bolts not being per-
pendicular to the straps.

Header Support Design

The hunger support assemblies were originally designed for the
static dead load of the 24" header plus horizontal and vertical
seismic loads. The operating bases earthquake horizontal ground
acceleration is .12g. The containment torus analysis in the FSAR
(12.2.2.5) used a resulting horizontal coefficient of .40g
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combined with the vertical acceleration of .08g acting simult-
aneously. The original deéign was based on a computed maximum
hanger load of approximately 8,000 1bs. with the load being

approximately equal for all hangers.



3.0 DESCRIPTION OF BOLT FAILURE

3.1

Fabrication and/or Assembly Deficiencies
It can be seen from Section 2.3 that the methods used to correct

the misalignment problems encountered during assembly were less
than desirab’», Burning holes for bolts, regardless of the
craftsman, results in a nonun. o bearing surface for the bolts,
In addition, the holes that were punched appeared to have some
slight coning which is common for pumching operations. This
slight coning effect causes the bolt to be s..essed at one

edge sooner than at the adjacent edges.

Although the contract drawings did not call for bolts with a
clean shank, the original stress analysis was based on an
unthreaded shank, 3/4" diameter bolt., The effective cross-
sectional area o7 an unthreaded 3/4" bolt shank is .4418 square
inches versus ,302 square inches for the threaded shank. This
would have increased the calculated failure load in double

shear from 27,180 1bs. to 30,760 1bs, for the bolted connections.
The use of 3/4" diameter bolts with an wnthrealded shank would
therefore have been desirable.

Since the original hanger system did not have provisions for

adjustments, the exact distribution of loads on the support
system were different from the theoretically calculated loading.
To assist in detemining the rcason for the bolt failure and
its location, the loading on each vertical hanger in the
original installation was determined, The measurements were
made by reconnecting the original straps and then applying a
force with a hydraulic jack to each hanger point until the bolt
in the connection was loose indicating that the jack was
carrying all of the load. The weight in pounds was detemined
from the pressure of the hydraulic fluid in the jack. The
measured loads are shown in Table 3-1.




TABLE 3-1
QUAD CITIES UNIT NO. 2
ORIGINAL SUPPORT SYSTEM HANGER LOADS *

SUPPORT NO. LOAD SUPPORT NO. 10AD
1 '5,4% 7 3.6%
2 y13.2F 8 7.6
3 .9.4K 9 12.0K
4 13.0% 10 22.3%
k X
5 0.7 11 0.7
7 11.6% 12 \13.2%

*Loads are as measurcd after replacement bolts had been installed but

before any strap lengths were changed. See Appendices, Section 8.2,

It is obvious that the distribution of load is not umifora in
that support No. 10 is carrying a load of 22,300 1lbs., whereas
support Nos. 5 and 11 were only carrying 700 1b. This inequity
in load distribution indicates that some more precise method of
hanging the ring header should have been used. It also
indicates that a static load of at least 22,300 1b. could be
accomodated without fa.lure on a 3/4" 10UNC bolt threaded its

full length.

3.2  Design Deficiencies
Computing an average of the loads shown in Table 3-1 results
in a volue of approximately 9,400 1bs. per hanger. The original
maximum computed load to which the hangers were designed is
approximately 8,000 1bs. The inequities in the load distribution

shown in Table 3-1 and the average load per hanger indicate that
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the method used in designing the harger assemblies was inadequate
from a purely static condi.tion approach. The wide range of

load distribution indicates that the hanger design perhaps

should have called for some method of adjustment to make

up for the differences in the dimensions that result from
allowances for fubrication of the torus and the 24" pipe header.
The average load per hanger of 9,400 1bs. (average of measured
loads) vs the 8,000 1b. used for the original design, indicates

that not all loads were accounted for in the original analysis.

The measured static load at hanger No. 10 was significantly
greater than that measured at any of the other hangers. This
would indicate that some dynamic effect from the testing that
had been performed, contributed the force necessary to shear the
bolts in failed hangers 1, 2, 3, and 1Z, but did not add enough
to shear the bolts in hanger No. 10. This dynamic effect was
not identified and thus not included in the loading used for the

original hanger design.

Method of Failure and location

The testing of relief valves (Startup Test No. 26) was being
perforned when the first indication of failure was noted,
Relief valves A then B had been tested when a 3/4" bolt was
found beneath hanger No. 12 which is at the point in the torus
where A discharges. A temporary replacement bolt was installed

and testing proceeded with relief valves C,D, and L. After the



testing was completed, failed bolts were found beneath hangers
No. 1, 2, and 3. In each kase, it was a bolt in the vertical
hanger straps that was cheared. The relative positions of the
hangers, the ring header conn .tions, and the discharge points
of the relief valves in the torus are tabulated in Table 3-2.
Also shown on the table is the approximate as-built static
loading on ecach hanger fron Table 3-1.

TABLE 3-2
QUAD CITIES UNIT NO.2
HANGER, NOZZLE AND RELIEF DISCHARGE ORIENTATION

Approx. Header Relief Header Dead Load
Orientation Connection Discharge Support on Support (1b)
0 11 700
22°30! Core Spray A 12 13,200
45° Inlet
67°30" B 1 5,400
90° . 13,200
112°30" C 3 9,400
135° Inlet
157°30" RHR 4 13,000
180° 5 700
202°30" RHR 6 11,600
225° Inlet
247°30" D 7 3,600
270° 8 7,600
292°30" RCIC E 9 12,000
315° Inlet
337°30" Core Spray 10 22,300
§ HPCI



From Table 3-2 it can be seen that hangers 1, 2, and 3 are located
within a 90° segment between two 20" inlet pipes which connect
the ring header to the torus. With these hangers failed, the
span between the inlet pipes was umsupported and dripped

5-3/4" at the lowest point. Non-destructive tests were performed
on four critical welds on the torus shell and the ring header

to check for damage. No evidence of irregularities (discon-
tinuities) were shown in these dye penetrant non-destructive
tests. Sce Appendix 8.3 for examination report. A stress
analysis of the header and torus shell penetrations was per-
formed based on the deflection of 5-3/4" in the header and no
stresses were calculated to be in excess of the minimm yield

strength of the materials.

As previously stated, the estimated load required for double
shear failure of the original bolts is 27,180 lbs., This is

based on failure at 3/4 of the ultimate strength of A307 steel
and an effective cross-sectional area of .302 square inches for the
bolt. This is not to say that the bolts in the hangers all
failed in double shear. As discussed in Section 3.1, there were
some hangers in which bolt holes were burned and which had

pairs of straps with different effective lengths. As a result of
these fabrication deficiencies, the load at which the bolts could
have failed can not be determined. It is estimated, however,
that at least a load of 18,120 1bs. and up to a maximum of

27,180 1bs. would be required.
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The dynamic effect of the relief valve discharging into the
torus adjacent to a pipe hanger adds significant loads to the
hanger. It is postulated that the effect is due to a pressure
wave inposed on the torus shell by the expansion of the free air
in the relief discharge line upon initiation of relief valve
operation. In order to verify the dynamic effect and to
determine the adequacy of proposed repairs/modifications, a
test was conducted in which measurements were taken (during
relief valve operation), of relative motion of the torus shell
and the ring header in the area of a header support. These
measurements were used to determine maximmm hanger loads. Two
approaches were used in analyzing the loading. The first
approach (Header Analysis) was subjecting a model of the header
system to the observed vibrations at instrumented points on

the header.

The second approach (Torus Analysis) uses the measured dis-
placements in the torus shell, and a calculated stiffness tem
to determine hanger load. The maximum vertical hanger load

was calculated to occur during the operation of the single relief
that discharges in the area of the hanger, Test E;. The maximun
horizontal hanger load was calculated to occur during the
simultancous operation of all relief valves, Test R. The maximum
values for the loads which were calculated from the measured

displacements observed during the testing are tabulated in

Table 3-3.
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TABLE 3-3

QUAD CITIES UNIT NO. 2
MAXIMUM DYNAMIC HANGER LOADS
DUE TO RELIEF LINE DISCHARGE

Test Ey Test R
Header Torus Header Torus
Analysis Analysis Analysis  Analysis
Vertical 11,600 17,700 12,300 13,900
Load
Horizontal 3,600 0 13,600 0
Load

The addition of from 11,600 to 17,700 1b. to the dead weight load
of 13,200 1b. on the No. 12 hanger was sufficient to exceed the
18,120 - 27,180 1b. failure load for the bolt. The failure load
for a clean shank bolt of the same material is 26,500 - 39,760 1b.
It is therefore theoretically possible that hanger failure would

have occurred even if a clean shank bolt had been used.

During the testing of relief B or C, there was enough effect on
hanger No. 2 that it failed resulting in its load being distributed
between hanger Nos. 1 and 3. This additional load resulted in
failure of these hangers. The hangers adjacent to the discharge
of valves D and E did not fail and the reason for this can be
attributed to the possibility that the fabrication technique

was better on these hangers and that the dynamic load on the

hanger used for analysis is computed conservatively.




4.0 CORRECTIVE ACTION

The following corrective action was taken to correct the header

support deficiencies:

1. The bolt holes were drilled out to 1 1/16" ’iameter for
1" bolts

2. All horizontal and vertical hanger straps were replaced
with 1/2" thick by 3" wide, 36,000 psi yield material with
1 1/16" diameter bolt holes. The approximate failure load
for thcse.straps (in pairs) is 54,375 1bs.

3. New 1" diameter A325 high strength bolts with 1 1/2" un-
threaded length were installed with positive locking tech-
niques included. The approximate double shear failure load
for these 1' bolts is 70,686 1bs,

4. ‘The lengths of the repiaccmcnt straps were adjusted to provide

LN

a wmiform distribution of loads between the hangers.



5.0 EVALUATION

5.1 Static loading

As part of the bolt and hanger strap replacement, a hydraulic
jack with dial pressure gauge was used to measure the actual
loads at each support point. The jack was raised enough to
pick up the header load at each point. After the loads were
reviewed, some modification in the strap lengths effected a
change in the load distribution pattern of the entire system.,
The modifying ¢f strap lengths resulted in the static dead load
distribution shown in Table 5-1.

TABLE 5-1*
QUAD CITIES UNIT NO. 2
FINAL SUPPORT SYSTEM HANCER LOADS

Support No. Load Support No. Load
1 7,800 7 6,700
10,300 8 7,600

3 9,400 9 7,800

4 7,400 10 7,200

5 8,300 11 8,500

6 7,200 12 8,900

*See Appendix, Section 8.2.

In order to analyze for the dead load and reaction load system,
a beam finite clement computer program was utilized. This
program calculates the loads at each hanger and each nozzle when
subjected to the header dead load plus header outlet reaction
loads. These calculated loads for the hangers are shown in

Table 5-2.



TABLE §-2
® vanswirw: @
CALCULATED STATIC LOADS AT EACH HANGER FOR DEAD LOADS

PLUS OUTLET NOZZLE REACTION LOADS

SUPPORT NO. CALCULATED LOAD SUPPORT NO. CALCULATED LOAD

1 6,900 7 7,000
2 7,100 8 7,200
3 7,200 9 7,400
A 10,400 10 10,400
5 9,700 11 3,700
6 11,300 12 13,000
X- 204A 7,200 X-204C 6,100
X- 204B 6,400 X-204D 7,400

5:3

This table shows that the calculated loads for a balanced
system would not necessarily result in uniformly loaded hanger

straps.

Dynamic Loading

In order to snalyze the header support system for the maximum
postulated load on the vertical hanger, it is necessary to

combine the static dead load with the seismic load as well as

the maximm relief line discharge load. Utilizing .08g vertical

and .40g horizontal accelerations due to the operating basis
earthquake (FSAR Section 12.2.2.5) and average dead load on the
hangers, the equivalent maximm vertical load is about 600 1b and

the equivalent maximuan horizontal load is about 3000 1b. For the
loading due to relief valve discharge, the maximum vertical hanger load
is chosen to be that detemined using the Torus Analysis method,

Test E, and for additional conservatism is rounded up to 18,000 1bs.

<16+




(see Table 3-3). The maximm horizontal haﬁr loading trom
relief valve discharge is taken from the He™®r Analysis

method with a value of 13,600 1bs.

When the horizontal loads are combined, it can be seen that

they are small compared to the vertical hanger loads duc to the
contribution of the static dead load in the vertical direction.
Thus, the analysis at the hanger components to determine adequacy
is performed using the largest vertical load as determined from
the summation of all loads. See Table 5-3 for a tabulation of
the total vertical loads. The maximum horizontal load would

be 16,600 1b. and the maximum vertical load is 31,600 1b. The
failure load is approximately 54,375 lbs. with the failure point
being at the strap bolt holes.

TABLE §-3
QUAD CITIES UNIT NO. 2
MAXIMUM VERTICAL HANGER LOADS

OBE SEISMIC + STATIC + RELIEF LINE DISCHARGE

LOZQ pasea on Load Based on
Calc. Static Measured Static
SUPPORT NO. Loads g Loads
1 25,500 26,400
2 25,700 28,900
3 25,800 27,000
4 29,000 26,000
5 28,300 26,900
6 29,900 25,900
7 25,600 25,300
8 25,800 26,200
9 26,000 26,400
10 29,000 25,900
11 22,300 27,100
12 31,600 27,500
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The miximunm calculated lcad is located at hanger no. 12 and
is 31,600 1b. This load is an upper bound load and it is very

unlikely that it could occur,

5.3 Calculate] Stresses

The stresses in the bolts and ha gers from the maximen vertical
and horizontal loads is shown in Table 5-4, Also shown in the
table are allowable stress levels adjacent to the applicable

. tabulated value.
TABLE 5-4
STRESSES IN BOLTS AND HANGERS-FINAL HANGER SYSTEM

Vertical Support Horizontal Support

\ 2 AISC Approx.

DL +onE+ DL sonr+  Test E Test R Allow. Failure
Test E Test L + OBE + OBE Stress Stress

Load (k) 28.9 31.6 6.6 16.6 - .-

Bolt Stress

1" $ A3Z5

A = ,78%4 18.35 20.0 4.2 10.5 22 90

(ksi) .

Strap Stress

at pillhn]f,‘ g )

3 x 1/2 (ksi) 14.9 16.0 3.4 8.6 21.5% 58

Strap Stress

Bearing

1-1/16 ¢ hole 289 31.6 6.6 16.6 68.2° -

(ksi)

Gusset Stress

Bearing f

1-1/16 ¢ hole 57.8 62.3 13.2 33.2 68.2 .

(ksi)

1
2Messurcd dead load (see Table 5-1)
Calculated dead load (see Table §-2)

3
Based on AISC allowable bearing stress of 1.35 F, multiplied by 1.33 as
allowid in AISC paragraph 1.5.6, and using miniﬂ&n allowable yield of 38,000 psi.

u
Based on AISC allowable stress in tension of .45 F, multiplied by 1.33 as
allowed in AISC paragraph 1.5.6 and using a minimuh allowable yield of 36,000 psi.

-18-
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Although the tests showed that the maximum horizontal and maximum
vertical hanger loads did not occur under the same cenditions, for
conservatism the maximun hor.izontal and vertical hanger loads were
assumed to occur simultaneously and the stresses in the torus
shell were computed at the point where the hanger support is
attached, Figure 5-1 defines the points in question and Table 5-5
lists the stresses at these points.

TABLE §-5
QUAD CITIES UNIT NO. 2
STRESSES IN TORUS AT HANGER CONNECTIONS

Point Stress, psi Point Stress, psi
K §,600 5,800
L 8,000 R 5,800
M 7,900 S 8,300
N 9,900 T 5,200

The stress at the midpoint between the hanger pads (point V of
Figure 5-1) is 8,600 psi. These stresses are all well below the
allowable membrane stress for the torus material (SA-515, Gr. 70) of

17,500 psi. Minimm yield stress is 38,000 psi.

Using the displacement measurements taken at the header to torus
nozzle during relief testing, the static dead load, and seismic
loads, stresses were computed at points around the nozzle to torus
junction. The static dead load could not be measured, therefore the
computed loading on the nozzles from Table 5-2 are used. These
stresses arc tabulated in Table 5-6. Figure 5-1 defines the points

at which stresses were calculated.

-19-
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QUAD CITIES UNIT NO. 2
STRESSES I TORUS NOZZLE CONNECTION

Point Stress, psi Point Stress, psi
A 6,400 A 7,700
B 5,200 B, 8,700
¢ 2,300 ¢, 4,500
D 2,700 D, 6,900

Stress was calculated in the nozzle at point F figure 5-1, and the
result is 700 psi. These stresses are also less than the 17,500
psi allowable membrase stress for the material (AS16 Gr. 70).

Minimum yield stress is 38,000 psi.

According the operator's log book, the maximun deflection occurred
in the ring header at hanger mumber 2 (with the hangers failed) and
was estimated and recorded as 5-3/4 inches. Using this deflection
the stresses in the 20" diameter Torus to Header pipes adjacent to
the unsupported section of ring header were computed. Stresses were
also computed at locations in the unsupported header. These stresses
arc tabulated in Table 5-7. All stresses were less than the minimum

yield strength of 38,000 psi for the material.



TABLE 5-7
QUAD CITIES UNIT NO. 2

STRESSES IN HEADER, TORUS AND NOZZLES IN THE FAILED CONDITION

Stress Sumary - Hangers 1,
Maximum observed defiection

2, 3 and 12 disconnected
from operator's log book = 5 3/4"

—

Location Point Membrane Stress Point Membrane Stress
psi psi

Nozzle X-204B A 21,200 Al 24,100
Nozzle X-204B B 32,900 Bl 35,200
Nozzle X-204B C 4,800 C1 3,300
Nozzle X-204D D 10,300 D1 13,800
Nozzle Neck

X-204B F 23,800
Header at

X-204B G 29,200
Header at
centerline H 16,100



FIGURE 5-1
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OONCLUSIONS

The test program verifies that the relief line discharge scquence

introduces substantial loads into the torus and header systems. The

corbination of the relief line load, the torch cut holes aad the
poor initial installation load distribution resulted in the failure
of hangers 1, 2, 3, aad 12, The calculations performed using

the results obtained from the test program indicated that stresses
were imposed which could nave resulted in bolt failure even with
drilled holes, although failure probably would not have resulted

in all four supports.

It has been shown that there was no evidence of excessive stressing
of the torus shell or the ring header as a result of the hanger
failures by non-destructive testing. Stresses computed with the

system in the failed condition were below allowable limits.

The revised support system kas been shown to be adequate for
maximun postulated hanger loads of 31,600 1bs. The approximate
failure load has been determined to be 54,375 1bs. with the
failure point being the pin holes in the hanger straps. These
postulated loads are based on maximun relative displacement
data taken during relief valve testing as well as design
seimsic and static loading. The postulated loads

were taken conservatively high for the purpose of evaluating
the revised support system. The ring header to torus nozzles

were also evaluated using a method similar to that used for the




hangers. Stresses computed for each area all were below allowable
limits. All stresses were calculated using methods acceptable

to and defined in Section 111, Subsection B of the AME Code,

1965 Editicn. This is the applicable edition of the ASME

Code defined by the original cont:act.




7.0 UNIT NO. 1 CORRECI'IVE ACTION

When the deficiencies were uncovered due to the harger failures at

Unit No. 2, the hangers were checked at Unit No. 1. Similar condi-

tions that were discovered at Unit No. 2 were also present at

Unit 1. The original hanger loadings were checked wiing the same

method described for Unit No. 2 and are tabulated in able 7-1.

Support

1
2

o

TABLE 7-1
QUAD CITIES UNIT NO. 1

ORIGINAL SUPPORT SYSTEM HANGER LOADS

NO. Load

4,009
2,700
0,060

14,500
6,300
7,900

Support No. Load

7 15,200
8 4,70)
G 8,860
10 10,560
11 9,700
12 16,800

Becausc of the conditions found at Unit Number 1, the same corrective

actions were taken as stated in Section 4.0, The hanier loadings

were then remeasured and the results are tabulated in Table 7-2. \




TABLE 7-2

QUAD CITIES UNIT NO. 1
FINAL SUPPORT SYSTEM HANGER LOADS

Support No. Load Support No. Load
1 2,600 7 8,000
2 7,600 8 5,100
3 7,100 9 7,600
4 7,600 10 7,600
5 5,800 11 6,300
6 6,700 12 7,400

A camparison of the loadings on Unit Nunber 1 was made with those of
Uait Number 2. On the average, the hanger loadings (dead load) are
lower for Unit 1, therefore the stresses associated with the support
members and attachment points would be lower than those camputed

for Unit 2. The dead load on the four connecting nozzles is higher
on Unit 1; however, the increase in the calculated stresses in the
nozzle from this dead load is small and the total is still safely

hlow the allowable liinits.

e



8.1 Unit N
mit No. \ Hanger Loads



Sargent & Lundy | General Electric Company

140 South Dearborn 175 Curtner Avenue

Chicago, Illinois San Jose, California

Attention G. Hoveke " Attention D. K. Willett

Chicago dridge & Iron Co. General Electric Company

1819 John F. Kennedy Blvd. Quad-City Nuclear Power Station
philadelphia, Pa. . Cordova, Illinois

Attention T. Abl | ‘ “Attention R, Leasbuxg

ON 6/7/72 THE UNIT 1 24" TORUS SUCTION HEADER HANGER LOADINGS WERE MEASURED.
THIS WAS ACCOMPLISHED BY USL OF A HYDRAULIC JACK WITU KNOWN EFFECTIVE PLUNGER
CROSS SECTIONAL AREA MULTIPLIED BY CALIBRATED PRESSURE GAUGE READINGS.
SUFFICIENT JACKING FORCE WAS APPLIED TO IERMLT TURNING THE LOWER HANGER BOLT
BY HAND. AT THE TINE OF MEASUREMENTS THE ORIGINAL 3/4" "TAMETER DBOLTS WERE
STILL IN PLACE EXCEPT AT POINTS 1 AND 2 WIHICH HAD BLEN CHANGED 70 1" BOLTS.
HANGER NUMBER 10 WAS ASSIGNED PLANT NOWTH, WITii NUMDERS DECREASING IN A
CLOCKWISE DIRECTION. Tillk FOLLOWING HANCER LOAUS WERE ODSERVED AS CONPARED

WITu 6000 POUNDS INDICATED BY Cdd1 DESIGN.

l. 4,000 7. 15,200
2. 2,700 R, 4,700
3. 0,000 9, 8,000
4, 14,500 10, 10,800
5 6,300 11. 9,700
6. 7,900 12, 16,800

=

C. Feo Grﬂy
Project Superintendent
United Engineers & Constructors Inc




CHICAGO BRIDGE AND IRON CO. .
ATTENTION T. ANL
901 W. 22nd Strect

Oakbrook, Illinois 60521 ' S
ON 6-12=72 THE _UNIT NUMBER ONE SUCTION HEADER HANGER LOADINGS WERE
//

MEASURED AFTER ADJUSTING REVISED F NGER SYSTEM TO IMPROVE LOAD DIS=

TRIBUTION IN ACCORDANCE WITH CENERAL INSTRUCTIONS GIVEN BY T. AliL,, CHICAGO
\

BRIDGE AND IRON CO. HANGER NUMBER 10 WAS ASSIGNED PLANT NORTH WITH

NUM3ERS DECREASING IN A CLOCKWISE DIRECTION. THE FOLLOWING HANGER

\

LOADS WERE OBSERVLID.

‘1. 2,600 7. 8,000
2, 7,600 8. 5,100
3. 7,100 9. 7,600
b 7,600 © 10e 7,600
5, 5,800 11, 6,300

6. 6,700 12, 7,400

cc: Sargent & Lundy, G. Hoveke

G. E. Cray
Ceneral Electric Co., D. K. Willett Project Supevintendent
R. Leasburg United Engineers & Construc

L. A. Hartley

UVELC, J. R. Dmytryk
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CHICAGO ERIDGE AND IRON CO.
ATTENTION T. AHL

901 W, 22nd Street .
Oakbrook, Illinois 603521

ON 6-i1~72 THE UNIT TWO 24" TORUS SUCTION HEADER HANGER LOADINGS WERL
MEASURED. THIS WAS ACCOMPLISHED BY USE OF HYDRAULIC JACK WITH KNOWN
EFFECTiVé PLUNGER CROSS SECTION AREA MULTIPLIED BY CALIBRATED PRESSURE
CUACE READINGS. SUFFICIENT JACKING FORCE WAS APPLIED TO PERMIT TURNING
THE LOWER HANGER BOLT BY HAND, THE REVISED HANGER SYSTEM CONSLISTING OF
M-1020 MQ THREE INCH WIDE STRAPS WITH A325 HIGH STRENGTH BOLTS WAS IN
PLACE WITH HANGERS INSTALLED TO RC~SUPPORT THE HEADER IN THE ORIGINAL
POSITION. THIS IS THE FIRST SET OF LOAD READINGS TAKEN FOR UNLT #2.
HANGER NUMBER 2 WAS ASSIGNLD PLANT NORTH WITH NUMBERS INCREASING IN A

CLOCKWISE DIRECTION., THE FOLLOWING HANGER LOADS WERE OBSERVED.

1. 5,400 v 7. 3,600
2, 13,200" 8, 17,600
3. 9,400 ¥ 9. 12,000
4, 13,000 10. 22,300
5. 700 1. 700
6. 11,600 12, 13,200
cc: Sargent & Lundy, G. Hoveke B ‘4f/%§: P oy

<. E. Gray / "
Project Superintendent

United Engincers & Constr

CGeneral Electric Co., D. K. Willett
R. Leasburg
L. A, Hartley

| UEAC Inc. J. R, Daytryk



CHICACO BRIDGE AND IRON CO.

ATTINTION . AHL .

901 W. 22nd Strces Fo b 8 dr . . .
Oakbrook, Illinocis 603521 ’

ON 6/17/72 THE UNIT NUMBER TWO TORUSlSUCTION HEADER HANGER LOADINGS WEAE
MBASURED AFTER ADJUSTING REVISED HANGZR S’STEM TO IMPROVE LOAD DISTRIBUTION.
HARGER ADJUSTMENT WAS ACCOMPLISHED BY RIFABRICATION OF HANGER STRAPS IN
ACCORDANGE WITH DISCUSSION AND INSTRUCTIONS GIVEN BY T. AliL, CHICAGO BRIDGE
AND IRONiCO.\ HANGER NUMBER 2 WAS ASSICNED PLANT NORTH WITH NUMBERS
INCHEASING IN A CLOCKWISE DIRECTION. AFTER OBTAINING READINGS, THEY

WERE DISCUSSED WITH MR. AHL BY TELEPHONE ON 6/17 AND HE FEELS LOAD DIS-

TRIBUTION IS CURRENTLY ACCEPTABLE. THE FOLLOWING HANGER LOADS WERE OBSERVED.

1. 7,800 7. 6,700
2. 10,%60 8. 7,600
3. 9,400 9. 7,800
4o 7,400 10, 7,200
5. 8,300 11, 8,500
6, 7,200 12. 8,900

/e
G.E. Gray /

Project Superirtendent
United Engincers & Constructors Inc.

cc: Sargeat & Lundy, G. Hoveke : : ’
Gencral Electric Co.: D. K. Wiliett '
. R. A, Leusburg
L. A. Ha)tley

UESC INC.: Je R. Daytryk . : ;




8.3 NDT Examination Report
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1972 a licuid penctrant excnination of Unit #2

On June 2,
suppression chamber to 24" diameler suction header at pene-
tration X204A and B was wade., The liquid penetrant examination

covered th outside surface of the weld joining the neck (43

pipe nozzle) to insert plate and.insert plate to torus shell;

with results of examination acceptable.

\ ’
\ Y /(F//
Jin Eagle
Grimnnell Conpany




8.4

Ton::‘ N OO .
Toru Movement l(:‘:t Procedure
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. ATCMIC POVE JIPMENT DEPARTMENT QUAD, CITIES
9 - - @ 7 VAL e
STARTUP TEST INSTRUCTIONS suwo. OB, 1 comtomamrcy .2

1.

W

4.

PURPOSE

The purpose of this test is to measure the movenent of the torus
surface relative to the ring hcader during actuation of relief valves,

MPCI, RCIC, RHR & surveiliance testing of the core spray systen.

DESCRIPTION

The position of the torus surface relative to the recactor building

will be monitored at preselected locatiors. The position of the

ring header relative 10 the veactor building alsc will be monitaced

at the same or similar locations. These relative pousitions will be
recorded during actuation of one or more relief valves and each of the
other systems. The movement of the torus relative to the ring header

can be inferred fron these measurements. Depending upon the results of the
measurcments with individual systems, reasurements during the actuation

of more than one svstem may be made when the simultaneous operation of
these systems is consistent with the design of the Quad Cities station.

CRITLRIA

3.1 Level 1

3.1.1 Do not exceed the bulk torus air or water temperature limit
specified in Figure 26.1 of the Quad Cities Test Instructions.

3.1.2 Stop all testing and return the reactor to 2 cold shutdown
' condition if the following displacemen® are excceded:

(values to be provided before the test)
3.2 Llewel2

3.2.1 Do 3°t exceed a local torus air or water temperature of
200°F.

3.2.2 Lo not exceed a torus overpressure of 1.3 psi.
3.¢.3 Do not exceed the followirng displacomcnis:
(values to be provided before the test)
INSTALLATION TNSTRUCTIONS

4.1 Install instruments and readout equipment as specified in the
attached sheets.

1w o




ct:zzna.f}zlzcr;a.uc

ATCMIC POWER FQUIPHMENT CENaRTHENT

STARTUP TEST INSTRUCTICHS ‘ YW et e SRR

4,2 set up telephone cenmunications from the contro) roem to 4he location
of the rcadout equipment, : _

4.3 It is desired, but not required that the readout be 1n the same
location @s was used during the torus Lo arature measurements test.

INITIAL CONDITIQNS

NOTE: Before ycu perform this toct ba suce to review STL 26 and ST1 15
for spocial insiructions or precautions 1o be taken. Review the
operating proceduyres for the #ocl, RCIC, RNR and coru soral B2S LS,

5.1 Station a man at the local panzl, in concact with “ae corLrnt et

5.2 The systenm of interast is ready 1o operate. ¢

5.3 Torus water level is no more than 1 foot beiow tho 63 cantar 1ire.

5.4 The torus water temperature chould be as uniform as nessivin, nroterably
near 70°F.

5.5 The reactor must be eperatiny al a powvr‘level sufficien* so that
reactor depressurization wili not occur during the test.

i

PROCEDURE . “

NOTE: Steps 6.1 thru 6.6 should be done in the sequencs Tisted,  The sEgutnce

in which the different systems are tectad is not i portantl. Lor
example, if desircd the HPCl, step 6.8, may be tented sefore the
relief valves, steps 6.1 thru 6.6, or after the kii6, »E3p 5.3,

6.1 Relief Valve D

6.1.1 Start the recording equipment and record 211 «u%2 for at Jeast
] minute. Those data which are recorded prricdizaliy saouid havci
at least 3 scts of data taken.

6.3.2 Make sure that the printer is sct to the shortnst agailatle cycl2
time. ; . |

6.1.3 Make sure that the linear recorders are cot to cparati at greater
than 5 inches per cecond and that the timing maxers ere properly
synchronized between the several recorders.

6.1.4 Operate relief valve B.

6.1.5 Record all torus and ring header movements <"d torus temperature
Jata. ) o :

RIS
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STARTUP TEST HSTRUCTIONS tuwo. 93,3 conromamcer ¢ 4
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6.1.6 Record the reaclor pressure vessel pressure and tiie torus pressurc.

6.1.7 After the moveuents of the torus and ring header have damned,
close relief valve 8. It is expectad that this will take wne
minute or less. Do not 1 uve the rolief valve open for more
than 5 minutec.

6.1.8 Recpen relicf valve within 5 seconds of the tine it was closad
in step 6.1,7 and allew it to remein Open for 19 secends veicre
reclosing. 7211 recorcaes should S suesrating Juring thi ¢ Lih,

6.1.9 Continue data recording until near steady-sta’c conditions are
reached.

6.2 Repeat step 6.1 excluding step 6.1.8 for aach re]ief valve in turr.
Each valve should be open aboul 30 seconds.,

6.9 Repeat sten 6.1 excluding step 6.1.8 for a simultanenus 30 seconds
actuation of relief valvs A & 6.

6.4 Repeat step 6.1 excluding step 6.1.8 for & simultancous 30 seconds
actuation of relief valvisA, B, & C.

6.5 Repeat step 6.1 excluding step 6.1.8 for @ simultanevus 20 secends
actuation of relief vaives A, B, C, & D.

6.6 Repeat step 6.1 excluding step 6.1.8 for a simultancous 30 secons
actuation of all 5 relief valves.

6.7 RHR
6.7.1 Start the recording equipment and record all data for at least
1 minute. Those data which are rocorded periodically should
have at least 3 sets of data taken.

6.7.2 Make sure that the printer is set to the shortest availeble cycle
time.

6.7.3 Make sure that the linear recorders are set to operate at greater
Ly than 5 inches per second and that the timing makers are :
properly synchronized between the several recorders.

6.7.4 Start the RiR system in onc of the modes of operation which
circulates water or steam to or from the torus.

6.7.5 Record all torus and ring header movements and torus temperature
data.

€.7.6 Pocord the reactor precture vocsel preccure and the torus prossur
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STARTUP TEST INSTRUCTIONS swwo. 08,4 comromamier 6 |
6.7.7 When steady conditions are rcached relztive to torus and

6.8

6.9

6.7.8

6.7.9

HPCl
6.8.1
6.8.2

6.8.3

6.8.4
6.8.5

6.8.6
6.8.7

6.4.8
RCIC

6.9.1

6.9.2

ring hcader movemants stup the RHR.

Continue data recording until rear steady-state conditions
are rcached. '

Repcat steps 6.7.4 thru 6.7.8 for each of the pucsiple medes
of RHR operation with the follawing rastrictions.

6.7.9.1 Mo water will be injected into the reactors systesm

6.7.9.2 Any moce of operetion which do2s not erfect the tirus
will not be tested.

Start the recording equipment and record all data for at Juast
1 minute. Those data which are recorded periodically shouls have
at least 3 sets of data taken.

Make sure that the printer is set to the shortest availeble ¢ycln
time.

Make sure that the linear recorders are set to opoiate atl arz2ater

then 5 inches per second and that the timing makers are
properly synchronized between the several recoraers.

Initiate a quick start of the HPCI without injeciing water into
the RPV.

Record all torus and ring header movewents and torus temperature
data.

Recurd the reactor pressur: vessel pressure and torus pressure.

When steady conditions are reached relative to torus and ring
header novements stop the HPCI.

Continue data recording until near steady-state conditions are
reached.

Start the recording equipment and record all data for at least
1 minute. Thosc data which are recordad periodicaily should have
at least 3 sets of data taken.

Make sure that the printer is set to the shortest available cycle
Lime. -

fl.l“tb:
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STARTUP TEST INSTIUCTIONS : s OR 6§ ecomvomsrer  F g
Make sure that the Yinear recorders are sat to operata at grecier

1.

6.9.3

6.9.4
6.9.5.

6.9.6
6.9.7

6.9.8

than 5 inches per secund and that the timing makers are properly
synchronized between the several recorders. .

Initiate a quick start of tht RCIC withecut injecting weter into

the RPV.

Ricord 211 torus and ring header wovements and torus tenperature
data,

Record the reactor pressure vessel pressure and the torus pressure.

When steady conditions are reached relative to torus and ring
header wmovements stop the RCIC.

Continue data recording until mesr steady-state conditicrs are
reached.

6.10 Core Spray

6.10.1

6.10.2

6.10.3

6.10.4

6.10.5

6.10.6
S

6.10.7

DATA MHALYSIS

Start the recording equiprent and record all data for at loast
1 minute. Thote data vhich are recorded poriodically shouid have
at least 3 sets of data taken.

lake sure that the printer is set to the shortest available cycle
time. 1 :

take sure that the linear recorders are set to operate at greater
than 5 inches per second and that the timing pekers ave properiy
synchronized belween the several recorders.

Start the core spray system in the mode which draws water from
or injects water into the torus.

Record all torus and ring header movements and torus temparature
data.

When steady conditions are reached relative to torus and ring
header movements stop the core spray system.

Continue data recording until necar steady-state conditions are
reached.

7.1 A1l data will be returned to san Jose for detailed analysis.

-41- : :




QUAD CITIES UNIT NO. 2
TORUS MOVEMENT TEST

Measurement # Azimuth Location

67°30" (at header support) vert. between top of torus
and roof of ring room on center line of torus

67030' hor. at center line of torus 2tween torus
inner (Rx) wall of ring room

67°30° vert. at center line of tcrus between bottom
of torus and floor of ring room

67030' hor. at center line of torus between torus
and outer wall of ring room

67°30" vert. at center line of ring header between
ring header and floor of ring room

67°30" hor. at center line of ring header between ring
header and cuter wall of ring room

67°30° on radius of torus through cen‘er line of ring
header between torus surface and r.h. surface

67°30" vert. between upper connection point of part 6
drawing 218 and upper surface of r.h.

67°30° radially from center line of torus between upper
connection point of part 6 drawing 218 and
outer wall of ring rcom

45° (at center line of penetration 216 x 204A on
CBAI dwg. 217, rev. 5, vert. between top of
torus and roof of ring room on center line of
torus

hor. at center line of torus between torus and
inner wall of ring room

vert. at center line of torus between bottom of
torus and floor of ring room

hor. at center line of torus between torus and
outer wall of ring room

vert. at center line of ring header and center
line of penetration 216 x 204A between r.h. and
floor




Measurement # Azimuth Location

15 45° hor. at center line of r.h. and center line of
penetration 216 x 204A between r.h. and outer
wall of ring room

16 45° vert. at center line of penetration 216 x 204A
between the in.:rsection of penetration 216 x
204A and the torus and the floor of the ring
room

17 45° hor. at center line of penetr-tion 216 x 204A
between the intersection of penetration 216 x
204A and the torus and the outer wall of the
ring

18 g0° hor. at center line of torus between torus and
outer wall of ring room

19 135° hor. at center line of torus between torus and
outer wall of ring room

2u 180° hor. at center line of torus between torus and
outer wall of ring room

21 225° hor. at center line of torus between torus and
outer wall of ring room

22 67°30" Radially from center line of torus between torus
and ring room floor as shown on sketch

23 67°30" Radiallf from center line of torus between torus

and outer wall of ring room as shown on sketch



Notes:

No clamps, attachments, or other sources of potential interaction

are tc be permitted between the measurement devices and their supports
and pipes or brackets, etc., which may move during the test. This
specifically includes th. corus supports.

Measurement devices 16 and 17 are to be installed in such a way that
there will be no interference with the ring header during the test.
Assume the r.h. may move as much as 2" vert. or hor. relative to the
torus for the purpose of instrument installation.

.
A1l horizontal measurements are to made on a radius from the RPV center
line.

Azimuth identification is from S&L drawing B-400.
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