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PREFACE 

This following brief review was conducted at NRC request by 

Dr. George E. Howard and Dr. Paul Ibanez, under contract number NRC 

04-79-203. The data is an ext ens.ion of material presented in 

NUREG/CR-1443, Methods and Benefits of Experimental Seismic Evaluation 

of Nuclear Power Plants. April 1980. ·prepared by ANCO Engineers_, Inc . 
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1.0 INTRODUCTION 

At the request of the Division of Reactor Safety Research, ANCO 

Engineers has briefly reviewed the experience and results of dynamic 

testing of nuclear power systems. This brief tabulation places the 

current Heissdampfreaktor (HOR) seismic program within the broader 

context of international experimental efforts in seismic safety research. 

The following tabulation was prepared subject to two constraints: that 

results publishe~ in the open literature or personally known by the 

authors of this tabulation would provide the data base; and, that only 

results of testing of nuclear systems with post-operability requirements 

would be reported. This second constraint served to eliminate from 

this tabulation the following nuclear power plants: the Experimental 

Gas Cooled Reactor (EGCR)., Tennessee; the Carolinas-Virginia Tube 

. Reactor (CVTR), South Carolina;_ and Enrico Fermi-I, Michigan. While all 

three of these plants were tested in 1968 and 1969 by teams involving the 

authors, and the experience previously reported (Nuclear Engineering and 

Design, 25, i973), the results were not of immediate interest to the NRC. 

-1-
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2.0 EXPERIENCE TABULATION 
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Nuclear Power Plants Subject~d to Dynamic Testing with Post-test Operability Requirements 

Plant Name ·Location 
(Date) 

Diablo 
Canyon 
(1977) 

Calif, 

Test/Analysis 
Organization 

ANCO Engineers 
Santa Monica, 
California 

Purpose of Testing/ 
Test Methods 

Model verification to 
support licensing 
activities/Snap back, 
sinusoidal at response 
levels in range of 0.1 g 
to 1 g for piping syst
ems, from o.0-3 g.to 0.2,-g 
for b·alance of systems: 

Major Test Subjects 

Six piping. systems, 
fluid tanks, heat 
exchangers, gas storage 
vessels, valves 

Significant Aspects of Testing/ 
Reference 

Excited by direct load application 
to test object; ·determined frequ- a 
encies, modal damping, mode shapes; 9 
used results for some design modi-
fications where indicated; pipe 
restraint stiffness measured. 
Piping system damping varied from. 
less than 1% to nearly 15%, _depend-
ing upon amplitude, degree of 
restraint, pipe dimensions. Typical 
piping behavior was that more flexi-
ble systems exhibited higher damping 
in lower modes. Pipin~ system example by 
mode: 7%-8% first 3 modes, 4%-5% damping 
for second 3 modes. The high value 
of 15% was measured at low levels of 
response; friction effects were 
pvercomc and dropped to 7% at·~ 1 g. 
Piping system "2: 3%-·4% ·damping for f; rst 
three modes at ~ 1 g, next two mode' 
at 1 %-2%. -Valves: 1 %-4%, with 2% A 
typical. Diesel generator - first ~ 
two transverse/rocking modes were 5\ 
damped at O .2 g; higher modes 2%-3%. 
/ANCO Report 1122-4.b. volumes 1-9 
(Proprietary) 

--------------------------------------------------------------------------------------------------------------------------~-----------
Indian Point New York 
- l* 

ANCO Engineers 
Santa Monica, 
California (1979, 1980) 

* at time of test initiation 
no test amplitudes were permitted 
which would impair IPl lic·cnsa. 
TI1us, was tested consistent with any 
operational plant. 

Nonlinear piping
dynamics research and 
effects of modern support 
hardward at moderate 
response levels/ 
Sinusoidal and,snap back 
testing. 

Feedwater piping: 
20 cm diameter, 30 m 
length 

Testing system as-built and after 
installation of variety of supports 
in different configurations. Peak 
amplitudes > 2 g; peak uniaxial 
strains 20% of yield in first phase . 
of testing. Damping~ 2% for lightly 
supported original design. Modi-
fied systems to be tested late 1980 at 
higher strain levels 

J .• 
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Plant Name Location 
(Date) 

Indian Point New·York 
- 2 
(19.72) 

*Heissdampf
reaktor 
(1975, 1979) 

Federal 
Republic 
of 
Germany 

Test/Analysis 
Organization 

\Vest~nghouse 

ANCO Engineers 
Santa Monica, 
California 

Purpose of Testing/ 
Test Methods 

Linear regime piping 
dynamics research/ 
Sinusoidal 

Research in small ampli
tude and moderate ampli
tude nuclear power plant 
dynamics/Snapback, 
sinusoidal, impact, 
blast testing, rocket 
tests 

Major Test Subjects 

Primary coolant loop 

Containment building, 
primary coolant piping, 
experimental pipirtg, 
reactor pressure 
vessel, flood water 
storage tank 

Significant Aspects of Testing/ 
Reference 

Peak amplitudes: 0.1\ - 1\ g. 
Damping from 1 % - 5% of critical I 
IVestinghouse Report WCAP-7920, 1972 

1975 Tests - excited up to "' 1% go~ 
co~tainment, 0.5% - 4~ 
g on equipment maximum 
piping strain less than 
5% of yield strain. 

1979 Tests - UsinglIO ton (1100 k N). 
shaker forces containment 
excited to "' 6% R at funda
mental, equipment up.to 1 
g; one pi~ing system 
loaded abov~ yield on 
one or more strain 
gauges. 
Containment damping:l 0 

- 6% (fundamental abou~ 
1.5 lfz, force "' 36 tonsl 
3% - 4% in higher modes/ 
ANCO Proprietary Reports; 
also 4th SMIRT, Pape~ 
K 8/5; and 5th SMIRT, A 
Papers K 13/2, K 13/3. ,_., 

------------------------------------------------------------------------~----------------------------------------------~-------------

Kernkraft
werk 
Phillipps
berg - 1 
(1976) 

Federal 
Republic 
of 
Germany 

ANCO Engineers 
Santa Monica, 
California 

Model verification · 
study for licensing 
support/Snapback; 
peak responses~ 0.2 g, 
"'1.0 cm 

* test amplitudes limited by licensing 
considerations; later blowdown testing 
required strict dynamic test control during 
1975 tests. 1979 tests permitted larger 
amplitudes. ·' 

Piping for ECCS; 
approximately 20 m 
length by 0.25 m 
diameter; p1p1ng 
system strongly 
restrained 

·First made theoretical frequency was 
35% less than that measured and was 
25% less after model modifications 
which reflected 'as-built' conditions. 
Analysis performed by separate com
panies with comparable results. 
Piping system appeared stiffer than 
expected; hypothesized was support 
effect after ultrasonic mapping of 
piping dimensions. Nonlinear effects 
significant at low response levels. 
At high response (with gaps shimmed}, 



Plant Name 
(Date) 

Location Test/Analysis 

Kernkraft
we rk 
Phillipps
berg - 1 
(co.ntinued) 

Fukashima Japan 
#l 
(1969) 
See Shimane 
test below 
for comp
arison 
investigation) 

Organization 

Muto Institute, 
et al 
Tokyo 

Purpose of Testing/ 
Test Methods 

Research to invest
igate site effects 
for two identical .~ plants on different 
soils (see Shimane 
test below). Plants 
were 460 MWe BWR/ 
Sinusoidal 

Major Test Subject 

Containment 
Building 

._. ___ ...-~=~- -rl 
r~~"l ~ r:·~-':'I ~·, 

Significant Aspects of Testing/ 
Reference 

first mode was 9% damped at 2.1 Hz. Next 
seven modes _B>6% (up to 511z); next eight, 
B ~ 2% - 4%, average about 3%. Reanalysis 
with experimentally based models indicated 
seismic loads were overestimated in design 
by factor of two. /ANCO Proprietary Rep
ort 1098-2 

r Excited in refueling floor with peak 
sinusoidal forces up to three tons; peak 
amplitudes of order 10-~g' s on refueling floor 
Fukashima in firm soils; shear wave 
velocity, 2000 ft/sec; pressure wave 
velocity, 5576 ft/sec. (This site had 
shear wave velocity of only 1/3 of Shimane 
site.) 
Results: 
Mode Period 

1 0,25 sec 
2 0.17 sec 
3 0.089 sec 

(Frequency) · 

( 4. Ollz·) 
( 5 .!Jllz) -· 

· (11. 211z) 

Apparent Damping 

34% 
8% 
5% 

/Paper K 5/3 SMIRT II, 1973 (Berlin) 

I 

,• \ I 

I 

i 
I 

I 

-------------------------------------------------------------------------------------------------------------------------------------
Shi mane Japan 
(1972) 
See Fuka-
sllima test 
above) 

Muto-Institute, 
ct al 
Tokyo 

Research to 
investigate site 
effects for two 
identical plants 
on different soils 
(see Shimane test 
below). Plants were 
460 MWe BWR/ 
Sinusoidal 

Containment 
Building 

Same test conditions as above except sit.e. 
was rock; shear wave velocity, 5900 ft/ 
sec; p-wave velocity, 12,140 ft/sec; 
Youngs modulus, 220 ton/cm2, about 12 
times greater than Fukashima site. 
Results: 
Mode Period (Frequency) Apparent Damping 

1 0.19 sec ( 5.311z) 2\ 
2 0.13 sec ( 7.711z) 5% 
3 0.086 sec (ll.6Hz) 5% 

-----------------------------------------------------------------------------------~-------------------------------------------------
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Plant Name 
(Date) 

Fu gen 
(1979) 

.. 

Location 

Japnn 

Test/Analysis 
Organization 

Takasago/ 
Mitsubishi 
Tokyo 

Purpose of Testing/ 
Test Methods 

Verification of dynamic 
parameters used in 
seismic design for 
licensing purposes/ 
sinusoidal and snap
back 

Major Test Subjects 

Primary coolant 
piping and feed.., 
water piping ln BWR 
pressure-tube reactor 
(165 Mwe 020 moderated) 

Significant Aspects of Testing/ 
Reference 

Tested 267 mm to 508 mm outside diameter 
piping runs. Forces limited·:to".220.lbs 
(980 N) on primary piping and 110 lbs 
(490 N) on fcedwater piping. Peak res
ponse levels about. 0.1 g on feedwater 
piping; about 0.02 g on primary piping. 
In all tests gaps closed to eliminate ~ 
nonlinear effects from seismic support 
elements. 

Results showed primary p1p1ng damping at 
6% at 13.S Hz first mode, 8% second, 2% 
third, 6% fourth, 6% fifth, 3% sixth; 1% 
seventh, unspecified eighth, and 7.5% 
ninth (at 19.6 Hz). The primary system 
was complicated, consisting of down 
comers, headers, manifolds • 

Feedwater piping relatively simple, 
smaller diameter (267 mm) with S 
straight runs and 6 elbows, 12 snubbers, 
plus spring and constant force hangers. 
Test results were damping of 0.7% first 
mode (8.6 llz), 2.1% second mode, 4.5% 

-------------------------------------------------------------------------------------------------------------------------------------
Hamaoka Japan 

third mode (17.0 llz). Agreement between 
analysis and results good only in lower ~ 
modes./Sth SMIRT Paper K 13/8. ~ 

1 & 2 
(1973, 1974, 
1977) 

Chubti Electric/ 
Takenaka 
Technical 
Research Lab. 
Tokyo 

Research in soil
structure inter
action and throu,1?h 
space soil coupling 
of.two BWR/Sinusoidal 

Additional No·te 
Paper K 2/16, 4th 
SMIRT reports that 1 
ton force produced 
peak resronse of 

Containment building 
tested with forces up 
to 100 tons; forces 
applied to refueling 
floor of BWR MKl-type 
plant 

1973, 1974 - low level tests of unit l; 
papers K 3/2, K 2/16 (3rd SMIRT, 4th SMIRT) 
1977 - Higher level tests (5th SMIRT, 
paper K 13/4 
At maximum force at first mode (about 18 
tons at 2. 5 llz), generated peak displace
ment of 10 microns or 2.5 x l0-4g•s at 
·2. S llz. · Rcsul ts of testing at acceler:. 
ations up to 3 x 10- 3g's (0.3% g) gave 
following containment building results 
for cast-west direction (N - S about 
same.) 

-----·------------·----· 
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Plant Name 
(Date) 

Hamaoka · 
1 & 2 
(continued) 

Location Test/Analysis 
Organization 

,, 

Purpose of Testing/ 
Test Methods 

about 7.5 microns 
at 4.6-4.8 ltz first 
and second mode and 
damping of 23% each mode. 
Paper K 13/4 suggests 
that force increase of 18 
times reduces first and 
second mode frequency to 
2.5 Hz and 3.4" Hz ... and 
increases a to 40% - 50%. 

Major Test Subjects Significant Aspects of Testing/ 
Reference 

Freq., Hz 

2.49 
3.44 
4.63 
5.02 
5.67 
6.11 
6.59 
7.08 

. 7 .50 
7.89 
8.70 
9.14 

Damping, \ of Critical 

39.6 
49·.3 
19.9 
20.4 
19.2 
17.2 
15.2 

3.1 
2.7 

13.S 
12.4 
15.6 

1 Hz to 4 Hz were soil-structure modes; 
4 to 5.7 Hz were building-building 
interaction effects. Site soil shear 
were velocity, 2600 ft/sec (800 m/sec); 
unit weight, 125 lb/ft 3 (density of 
2.01 ton/m 3/3rd SMIRT paper K3/2; 4th 
SMIRT paper K 2/16; 5th SMIRT paper 
K 13/4 

-------------------------------------------------------------------~-----------------------------------------------------------------
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>!ant Name 
(Dat.e) 

~umboldt Bay 
(1974) 

an Onofre 
nit 1 
1969 - 1972) 

Location 

California 
U.S.A. 

California 
U.S.A. 

Test/Analysis 
Organization 

ANCO Engineers 
Santa Monica, 
California 

ANCO Engineers 
Santa Monica, 
California & 
U.C.L.A. 

Purpose of Testing/ 
Test Methods 

Modeling verification to 
support seismic upgrading 
to new criteria/Sinusoidal 
and. snapback testing 

Model verification and 
research investigation of 
dynamics. Creation of 
validated models./ 
Sinusoidal 

Major Test Subjects 

Storage tanks, pumps, 
motors, valves, electrical 
cabinets, piping, turbine 
pedestals, containment, 
stack 

~ ·-~-·-·~ 
'!p9 - I .·•1"4· ' . .. ,, 

Significant Aspects of Testing/ 
Reference 

Five case studies reveal the benefits of 
testing: Case One is.a Liquid Poison 
Tank, the testing of which was used to 
simplify the model of the existing tank 
and define stiffness properties for use ..... 
in the analysis. Case Two involved the~ 
high level in-eitu proof testing of an 
emergency generator. Case Three test 
results, for the Reactor Control Board, 
indicated the need to stiffen several 
panels and provided the necessary infor
mation for the development of a model 
which was used to predict input spectra 
for selected instruments mounted on the 
panel. Certain of these instruments 
were subsequently shake-table tested by 
others according to the developed spectra. 
The fourth case involves a 250 ft .vcnti-· 
lation stack: Test data were used to 
verify the analysis.of the stack. The 
final case concerns testing of the control. 
room floor. Test results pointed out the 
need for structural modification. 
The basic. conclusion of this paper is t~ 
in-eitu testing is a feasible and usefu~ 
method to improve and guide theoretical 
studies and seismic design of nuclear 
power plant. equipment and structures./ 
K BL3 SMIRT 4 1977. 

Excitation of the containment with up to 
S tons of force was used to investigate 
soil-structure interaction and primary 
loop dynamics. Results were compared to 
San Fernando earthquake response and to 
analytical models, Soil-structure modes 
were found to be highly damped (16% to 
18%"@ 10- 3g sine tests, 20% at. IU-zg 
earthquake), 

I 
'I 
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Plant Name 
(Date) 

San Onofre 
(contd.) 

Location Test/Analysis 
Organization 

Purpose of Testing/ 
Test Methods 

Major Test Subjects Significant Aspects of Testing/ 
Reference 

Damping in primary loop ranged from 
1.5% to 4.0% at 10-2 -10- 1 g. Models 
of varying degree of sophistication 
were fit to the data and led to 
equipment support modifications./~ 
Nuclear Engineering and Design, zJllll' 
1973 pp 51 - 94. 

--------------------------------------------------------------------~----------------------------------------------~-------------------------------

Quad Cities 
(1972) 

VAK 
(1975, 1979) 

Illinois, 
U.S.A. 

Kahl, 
· West Germany . 

U.C.J...A. & 
ANCO Engineers 

ANCO·Engineers,, 
Santa Monica, 
California 

Containment Dynamic 
Research/Ambient and 
Impact 

Monitoring to assure no 
regulatory implication 
during nearby testing o'f 
Heissdampfreaktor (HDR)/ 
Blast Testing 

Containment 

Containment, primary 
coolant loop 

Testing to plan longer program to 
validate models. Frequencies and 
damping were identified at very low 
response amplitudes./ ANCO internal 
memorandum. 

Response to 10 kg blasting 200 meters 
distant measured. Results compared 
to analysis and used to demonstrate 
safety of plant. /Heissdampfreaktor 
(Sec entry on llDR) 

-------------------------------------------------------------------------------------------------------------------~------------------------~---

PEC Bologn~, CNEN Forced vibration tests to· Containment and Crane Ambient survey and shaker methods were 
(1972-1974) Italy Roma validate models and . Bridge Structure found useful in identifying ovaling and 

ENEL IV 
(1976) 

Caorso, 
Italy 

ISMES 
Bergamo 

effects of modifications./ breathing modes with minimum plant 
Ambient and Sinusoidal. operation disruption. Model structures 

were also tested. Resonant frequencies 
of all three sources agreed to within 
10%./ SMIRT II K 5/4, SHIRT III K 6/8 

Ambient and forced vibration 
to validate tcs~ methods and 
computer models. Also corr
elated with actual earthquake 
rcsponses./Sinusoidal and 
earthquake. 

Damping of 10% - 15% measured, along with 
10 modes 3 - 16 Hz. Effects of water 
level in pool investigated. Experimental 
frequencies higher than computed./ K 8/4 
SMI!ff IV . 

W4t44J ,,,.,' ,. ••• $ ---·- ------ ·-----·-----·----- ------- _______ ,,_ --
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Plant Name 
(Date) 

MAPP, RAPP 
(1975) 

-----:---·-- _-=:...-_::--. ---- - -

-Location 

Two plants 
in India 

Test/Analysis 
Organization 

PPED, Dept. of 
Atomic Energy, 
India, · 
University of 
Roorkee 

Purpose of Testing/ 
Test Methods 

Snapback tests to det
ermine frequency and 
damping to evaluate 
seismic capacity. 

Major Test Subjects 

Internal Equipment 
(Condensers, tanks, 
heaters.) 

Significant Aspects of Testing/ 
Reference 

Up to two tons of force were used to 
excite equipment. Damping from 1.6% 

,, ' 

to 6.5% measured. Found that piping 
attached to equipment greatly increased 
equipment, damping./ K 8/7 SMIRT IV 

--------------------------------------------~-------------------------------------------------------~-------------------~-------------------~--
Tokai - II Jn pan 

HZ¥.JW¥•:P. e.;eu.9;is• J:F.44 Ci . 'f4·• ., . "'; i 

Investigate the safety 
of the sei~mic design via 
parameter investigation 
and research for future 
design purposes./ 150 tons 
maximum force at BWR 
refueling floor with sinus
oidal force • 

. ---·--·--·-----------··------:-. 

Containment building 
of 1100 MWe BIVR 

First mode damping with soil-structure 
interaction effects was estimated at 
15% to 25% versus the value of 5% used 
in design./ Proceedings 5th Japan 
Earthquake Engineering Symposium, Tokyo, 
1978. 

• 
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