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GENERAL ELECTRIC COMPANY 
ATOMIC pOWER EQUIPMENT OEPARTMENT ..... 

MONTICELLO NUCLEAR GENERATION PLANT 

RECOMMENDED EARTHQUAKE CRITERIA 

J fA ~ ~!~h~~ ~(\ ~H A 
JOHN A! BLUME AND ASSOCIATES, ENGINEERS 

SAN FRANCISCO 
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JOHN "A. BLUME & ASSOCIATES, ENGINEERS 

JOHN A. BLUME 

J. P. NICOLml 

H. J. SEXTON 

R. I. SHARPE 

D. M. TEIXEIRA 
612 HOWARD STREET. SAN FRANCISCO, CALIFORNIA 94105 • (415) 397.2525 

General Electric Company 
175 Curtner Street 
San Jose, California 

Gentlemen: 

July 15, 1966 

Attention: Mr. R. B. Gile 

Subject: Earthquake Design Criteria 
for the Monticello Nuclear 
Generation Plant 

Transmitted herewith is our recommended earthquake design 
criteria for the subject project. 

Since not all field data have yet been made available it will 
be necessary that we review the findings presented herein. We do not 
however, expect drastic changes in these c,riteria. 

Very truly yours, 

ENGINEERS JOHN A. :SLt{~E/ ~SSOCIATES, 

!l1M_i~ 
. .' ~ 

H. J. Sexton, ,. 
Vice Pre sident and Chief Enginee r 
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:2H>J A (,LuI''',;: 8" A.SSOCIATES, ENGINEERS 
. : HO'. .. :' :iT;"C:t.f •...• 

February 6, 1967 

General Electric Company 
Atomic Power Equipment Dept. 
175 Curtner Street 
San Jose, California 95103 

Attention: Mr. R. B. Gile 
MC-7s0 

SUBJECT: Monticello Nuclear Plant 

Gentlemen: 

The following telegram was sent to Northern States Power Company 
this date: 

MR. A. V. DIENHART 
NORTHERN STATES POWER CO. 
414 NICOLLET AVENUE 

. MINNEAPOLIS, MINNESOTA 

SUBJECT: MONTICELLO NUCLEAR PLANT 
REFERENCE OUR LETTER TO GENERAL ELECTRIC DATED 
SEPTEMBER 30, 1966. WHEN LETTER WAS WRITTEN WE WERE 
AWARE THAT THE CLAY LAYER ~.]AS TO BE REMOVED AND 
REPLACED tHTH A CmlPACTED GRANULAR FILL. IT IS OUR 
OPINION THAT THE GROUND ACCELERATION AND RESPONSE 
SPECTRA DATA PRESENTED IN OUR REPORT OF JUly 15, 1966 
ARE STILL VALID. 

JOHN A. 9L;ME 

J. P. ,; 'COLC7T1 

H. J.' HXTOII 

~ L. S H A .~ • :: 

Reference is made to our letter of September 30, 1966. At the time 
of this letter we were aware that the clay layer assumed to underlie the 
reactor building foundation was to be removed and replaced with a compacted 
granular fill. Since this layer is assumed to be only about 15 feet in 
depth, it is our opinion that changing the clay layer to a granular fill 
layer will have no effect on the earthquake criteria. 
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G~neral El~ctric Co. -2- February 6, 1967 

Your attention is invited to the end of the first sentence of the 
above-referenced letter. The date of the dynamic response report was 
listed as July 17, 1966. This should be revised to July 7, 1966. For 
your information we are transmitting herewith two (2) copies of the 
Dynamic-Response Data Investigation. 

EJK/hp 
Enclosures 

JOHN A. 

Very truly yours, 

BLUME & ASS~C~{? 

-;:. ~'/~~{/. 
I 

E. J. Keith 

ENGINEERS 

Assistant Vice President 

.. 

A.l-iv 



j 0 :-j I'J A. S! II ,'1\ r. & ASS 0 C I ATE 5, ENG I NEE R S 
~!: ...,,-\' . .... r. • . : . :.Ei • SAN FRANC:5C0, ,:' .... LlF,)~t~;·\ q41:; • :"15) 397-2525 

r;.ene::a1 ::::lectric Compo.nj" 
Atoci: Power ~quipment Department 
175 Curtner 
San Jose, California 

September 30, 1966 

ATl'ENTION: Hr. R. B. Gi1e, r.c-750 

Gentlemen: 

SUBJEC'I': Earthquake Design Criteria for the 
Honticello Nuclear Ge~eration Plant 

JOHN A. BLUME 

J. P. NICOLETTI 

H. J •. H)TOrl 

R. l. S H • P. ~ E 

O. M. TElfEll!A 

We have reviewed the Dames & Hoore Report of Foundation Investiga­
tion, Proposed Nulcear Power Plant - Unit Number 1 for the Northern States 
Fower Company dated July 27, 1966 and the report on the Dynamic Response 
Data Investigation, Proposed Nuclear Power Plant, Monticello, Minnesoto 
for liorthern States Power Company dat_~d_ Ju.:J,y 17, 1966. The data pro­
Yided therein have no effect on.the results of the report to you dated 
July I], 1966 and the findings therein are sound. 

VerJ truly yours, 

JOHN A. ENGINEERS 
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PRELIMINARY EARTHQUAKE DESIGN CRITERIA 

FOR THE 

MONTICELLO NUCLEAR GENERATION PLANT 

NEAR 

MONTICELLO, MIN'NESOTA 

This report is based on preliminary geologic and soil data 
furnished by Dames and Moore, foundation engineers, and the assump­
tion that the reactor-building is founded in. a IS-foot layer of stiff clay 
immediately above sandstone. When final earth science reports are 
available this report will be reviewed and revised if necessary. 

The proposed site is located near the right bank of "the Mississippi 
River in Wright County, Minnesota at about latitude 45° 20' North and 
Longitude 93° 50' West, approximately 30 miles northwest of Minneapolis. 

A.l-l 
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GEOLOGY 

Regional Geology - The baseInent rocks of Minnesota, SOIne as old 
as PrecaInbrian, generally are covered by Pleistocene glacial debris 
and younger alluvial deposits. Volcanic rocks occur in some areas. 
Sediments of these types rest On glacially-carved bedrock of sandstone 
and shale in turn underlain by weathered granite rocks. The bedrock 
surface slopes east to southeast. 

The Minnesota area here discussed is part of a deep, southerly­
trending trough in which were deposited sediments and volcanics dur­
ing later Precambrian and Paleozoic time. Paleozoic rocks are 
exposed in the southern part of the trough and, in the Minneapolis-St. 
Paul area. form an artesian basin. 

Regional Faulting - The results of regional geophysical surveys indi­
cate that a major fault system of Precambrian age may be present in 
the region. Displacements of thousands of feet are believed to have 
occurred on the faults in Precambrian time and displaceInents of 
lesser magnitude in Paleozoic tiIne. .There is no evidence of faulting 
in the last few million years. 

Two lobes of ice, both of the Wisconsin glacia.l stage, advanced 
across the region. the older from ·the Lake Superior area and the other 
froIn the southwest. Both left terminal Inoraines, the moraines of the 
older of the lobes being immediately south of the present-day Mississ­
ippi River. 

The depths of stream channels cut in the area in pre-glaciation 
tiIne not only may be greater 'than that of the Mississippi. River, but 
they also bear no directional relationship to present-day channel. 
The locating of these old channels is hindered by lack of bore-hole 
information. 

Site Geology - Decomposed igneous rocks of Precambria~ age lie at 
a depth of about 70 feet at the site. These rocks are overlain by 10 to 
15 feet of sandstone which, although in places weathered and friable, 
is in general moderately well cemented. The sandstone is in turn over­
lain by approximately 50 feet of glacial and alluvial debri's consisting of 
sands and gravels. In the reactor- building area, the sandstone is over­
lain by clay of variable thickness. It is not presently known whether or not 
the building will be founded in. this clay. 

Borings and well information in the vicinity of Monticello - about 
~-3/4 miles east of the site - indicate that that locality is underlain by 
150 to ~OO feet of unconsolidated alluvium and glacial drift which in turn 
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overlie sandstone and shale; granite at that locality lies at a depth 
greater than 500 feet. The indication is therefore. that the rock 
and soil units at the site slope eastward toward the sedimentary 
basin and its artesian ground-water aquifers 
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SEISMOLOGY 

Seismic History - Table A numerically lists the earthquakes in the 
general region in and around Minnesota. Those more applicable to 
the site are plotted on Plate I. The earliest earthquake on record oc­
curred in 1860 in central Minnesota. thus the record here is for only 
some ninety years. During that period the historical earthquakes have 
had little effect at the proposed site. 

Faulting in Area - The nearest known or inferred fault - the Douglas 
Fault - is 23 miles southeast of the site (Plate 2). According to 
referenced geological information. there is no indication that faulting 
has affected the area of the site in the last few million years. The 
major fault system of Precambrian age. which is associated with the 
Precambrian structural trough. is also seen on Plate 2. Major move­
ments of thousands of feet along this system appear to have been 
restricted to Precambrian time. with minor displacements having oc­
curred during the Paleozoic. Faulting within recent geot'ogic time is 
not in evidence. 

Richter I s Seismic Regionalization Map (Plate A. Appendix) 
shows the area of the site in a probable maximum intensity of vm. 
Modified Mercalli. This intensity. has been based on the area I s rela­
tionship to the Canadian shield. Stable shields in other continents are 
usually.fringed by belts of moderate seismicity. with occasionally large 
earthquakes. Historically. this area is too young to prove or disprove 
such aeismic activity. 

The Coast and Geodetic Surveyl s Seismic Probability Map qf the 
United States (Plate B in Appendix) assigns the area to Zone 0 - no dam­
age. 

It is our opinion that neithe r the re gionalization nor the probability 
map is satisfactory in determining a proper seismic factor if considered 
alone. Each, however. is based on judgment and fact which. when 
weighed with other data, become more meaningful. In the case at hand. 
the assignment of an vm as the largest probable intensity for general 
area ·must be tempered by the fact that the intensity at or near the sand­
stone will be much less than that experienced in areas of less competent 
material. where invariably the maximum damage is sustained. 

Earthquakes can and do occur in this region away from faults. and 
probably result from residual stresses due to recent glaciers. A quake 
similar to Nos. 12 and 24 was postulated near the site and using the 
dynamic response data obtained insitu. the Taft earthquake of July 21. 1952 
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North 69 West component with an applied factor of O. 33 was selected 
as best representative for the design earthquake. Plate 3 shows 
single-mass spectra when averaged. Reconunended design criteria 
follow which utilize this earthquake record. 
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RECOMMENDED EARTHQUAKE DESIGN PROCEDURES 

For purposes of design, structures (buildings or equipment) are 
divided into two classes: 

Type L Those structures whose failure may damage vital equipment and 
thus might cause a nuclear incident. 

Type II. Those structures whose failure could cause no nuclear incident. 

Reconunended Procedures for Type I Structures and Equipment 

1. For structures or equipment founded directly on soil, a struc­
tural de sign shall first be executed based on estimated seismic shears, 
moments, and displacements. The structures thus designed shall then 
be subjected to a dynamic analysis using the spectra on Plate 3 and damp­
ing values from Table 1. Sufficient modes shall be incl~ded to assure 
participation of all modes having a period greater than 0.08 second. A 
vertical ground acceleration of two-thirds the horizontal ground accelera­
tion shall be applied to the structure and resulting stresses due to hori­
zontal and vertical accelerations shall be considered to act simultaneously 
and shall be added directly. When combined with stresses from operating 
conditions, the resulting stresses shall comply with applicable codes 
without the usual fractional increase for short-term loading. The final 
design shall be reviewed for compliance with local requirements. If com­
puterized methods of dynamic analysis are used, the mathematical model 
may be subjected to an excursion through the Taft earthquake of July 21, 
1952 North 69 West component with an applied factor of O. 33. After this 
has been satisfied, the structure shall be examined under values of twice 
those given in Plate 3 or a dynamic excursion through the Taft earthquake 
of July 21, 1952 North 69. West component, with an applied factor of O. 66. 
As before, horizontal and vertical seismic components shall be considered 
with other appropriate loads, but in this case vertical ground accelerations 
shall beO. 08g. Under this loading condition there shall be no failure that 
could cause injury or prevent a safe shutdown during or after the earth­
quake. 

2. Structures or equipment supported in or on other structures or 
equipment are placed into three categories based on their natural frequency 
and the predominant frequency of the supporting structure: 

( 1) 

(2) 

(3) 

Rigid category:. 
fm 
-r 

Resonance category: 

Flexible category: f;n 

2.0 

O. 7 ~ fm ~ 2.0 -f-

"" 0.7 
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Where: 

fm is the natural frequency of the me chanical structure 
or equipment, and f is a predominant frequency of sup­
porting structure at the location of installation. 

(1) For Rigid Category: Because of the high frequency, 
the design shall be based on an acceleration corresponding to the maxi­
mum acceleration experienced by the supporting structure at the loca­
tion of equipment support. 

(2) For Resonance Category: Elimination of resonance 
phenomena is one of the principles of the design. In order to "eliminate 
resonance vibration some modification of the natural frequency of the 
supporting structure may be required. In case the resonance vibration 
cannot be avoided, prevention of large amplitudes by means of damping 
devices is requiredor dynamic design considering resonance vibration 
is required. In case the mass of the object is such as to produce an 
IIAppendage l1 condition with large deflections and accelerations, a thorough 
dynamic study will be performed. Should the restriction of vibration be 
enough to make the object rigid, examination for rigid category is also 
required. 

(3) For Flexible Category: Those items which are desig­
nated as flexible will be designed using induced accelerations correspond­
ing with their frequencies. Careful examinations will be made concerning 
objects coming into contact because of excessive displacements. 

3. . For structures and equipment too complex for direct anaiytical 
procedures, vibration tests should be performed to establish the earth­
quake-resistant capabilities. 
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TABLE 1 

RE COMMENDED DAMPING VALUES 

Item 

Reactor-building (mas sive construc­
tion with many cross walls and 
equipment and providing only 
se condary containment 

Thin-shell and prestressed concrete 
structures 

Steel structures 
Vital piping systems 
Ground rocking modes of vibration 

Percent Critical Damping 

5.0 

2.0 

2.0 
O. 5 

10.0 

Recommended Procedures For Type IT Structures and Equipment 

It is recommended that Type II structures and equipment be de­
signed on basis of a minimum seismic horizontal coefficient of O. 10 
with a one-third allowable increase in basic stress. Allowable in­
crease in soil stresses if any, 'must be taken from recommendations 
of the Soils Engineer. All equipment should be so bolted or fastened 
that'its displaceznent will not occur if friction is non existent. 
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TECTON IC MAP 
OF MINNESOTA REGION 

PLATE 2 
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TABLE A 

SEISMIC HISTORY OF THE REGION 

Location Intensity 
No. Date Place N.La.t W.Long {M.M. } Remarks 

* Indicates epicenter 
not plotted on map 

*1 1860 Central Minn. Unknown 
2 10/9/1872 Sioux City, 42.7 97·0 V Felt over 3,000 square 

Iowa miles. 

3 11/15/1877 East Neb. 41.0 97.0 VII Felt over 140,000 square 
miles. 

4 7/28/1902 East Neb. 42.5 97·5 V Felt over 35,000 square 
miles. 

5 7/26/1905 Calumet, Mich. 47.3 88.4 VII Felt over 16,000 square .-
miles. 

6 5/9/1906 Washabaugh 43.0 101.0 VI Felt over 8,000 square 
Count::iz S. D. miles. 

7 5/26/1906 Keewenaw Peninsula, Felt over 1,000 square 
Michi5an 41·3 88.4 VIII miles. 

,-p--

8 5/15/1909 Canada, felt to 50.0 105.00 VIII Felt over 500,000 square (. South miles. 
9 5/26/1909 Dixon, Ill. 42.5 e9.0 VII Felt over 40,000 square 

miles. 
10 1OL22L1909 Sterling, Ill. 41.6 e9.e IV-V 

11 6/2/1911 . South Dak. 44.2 98.2 V Felt. over 40,000 square 
miles. 

12 9/3/19/7 Minnesota 46.3 94.5 VI Felt over 10,000 square 
Ini1es. 

*13 2/38/1925 Canada 48.2 70.8 VIII Felt over 2,000,000 sq,uare 
miles. 

14 1OL6/1929 Yankton, S.D. 42.8 97.4 ~_ (~.st.) 
15 lL17/1931 White Lake, S.D. 43.8 98.7 V (est.) 

*16 11/12/1934 Rock Island & 41.4 90.5 V 
Moline, Ill. 
Da venport, Iowa 

17 3/1/1935 Eastern Neb. 40.3 96.2 VI Felt over 50,000 sq,uare 
miles. 

*18 11/1/1935 Canada 46.8 79.1 IX & Felt over 1,000,000 sq,uare 
over miles, felt in Minn. 

• 
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Location Intensity 
No. Date Place N.Lat W.Long {M.M. ) Remarks 

19 11L1L1935 Egan, S.D. 44.0 96.6 V (est. ) 
20 10/1/193U Siox Falls, 43.5 96.6 V Felt over 3,000 square 

S.D. miles. 
21 1/28/1939 Detroit Lake, 46.9 95.5 V (est. ) 

Minn. 
22 6L10L1939 Fairfax z S.D. 43.1 98.8 VI (est.) 
23 7L2 3L1946 Wessington z S.D. 44.5 98.7 VI (est.) 
24 5/6/1947 Milwaukee Area 42.9 87.9 VII Felt Sheboygon to 

Kenosha. 
25 2L15L1950 Alexandria z Minn. 45.7 94.8 V-VI(est. ) 
26 1/..6/..1955 Hancock z Mich. 47.3 88.4 V 
27 12L3L1957 Mitchel1 z S.D. 43.8 98.0 V 
28 1L12L1959 D01andz S.D. 44.9 98.0 V 
29 12/..31L1961 W.Pierre z S.D. 44.4 100.5 VI 

'. ". 
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TABLE 2 

MODIFIED MERCALU INTENSITY SCALE OF 1931 

. (Abridged) 

L Not felt except by a very few under especially favorable circumstances. 

11. Felt only by a few persons at rest, especially on upper floors of buildings. Delicately suspended 
objects may sWing. 

m. Felt quite noticeably indoors, especially on upper floors of buildings, but many people do not 
recognize it as an earthquake. Standing motor cars may rock slightly. Vibration like passing 
of truck. Duration estimated. 

IV. Duting the day felt indoors by many, outdoors by few. At night some awakened. Dishes, Windows, 
doors disturbed, walls make creaking sound. Sensation like heavy truck striking building. Standing 
motor cars rocked noticeably. 

V. Felt by nearly everyone, many awakened. Some dishes, Windows, etc., broken; a few instances 
of cr<lcked plaster; unstable objects overturned. Disturbance of trees, poles, and other tall objects 
sometimes noticed. Pendulum clocks may stop. 

VI. Felt by all, many frightened and run outdoors. Some heavy furniture moved; a few instances of 
fallen plaster or damaged chimneys. Damage slight. 

VlL Everybody runs outdoors. Damage negligible in buildings of good design and construction; slight to 
moderate in well-built ordinary structures; considerable in poorly built or badly designed structures; 
some chimneys broken. Noticed by persons driving motor cars. 

VIll . Damage slight in specially designed structures; considerabie in ordinary substantial buildings with 
partial collapse; great in poorly built structures. Panel walls thrown out of frame structures. 
Fall of chimneys, factory stacks, columns, monurnents, walls. Heavy furniture overturned. 
Sand and mud ejected in small amounts. Changes in well water. Disturbs persons driving motor 
cars. 

IX. Damage considerable in specially designed structures; well-designed frame structures thrown out of 
plumb; great in substantial buildings, with partial collapse. Buildings shifted off foundations. 
Ground cracked conspicuously. Underground pipes broken. 

X. Some well-built wooden structures destroyed; most masonry and frame structures destroyed with 
ioundations; ground badly cracked. Rails bent. Landslides considerable irom river banks and 
steep Slopes. Shifted sand and mud. Water splashed (slopped) over banks. 

XI. Few, if any (masonry), structures remain standing. Bridges destroyed. Broad fissures in ground. 
Underground pipe lines completely out of service. Earth slumps and land slips in soft ground. 
Rails bent greatly. 

XII. Damage total. Waves seen on ground surfaces. Lines oi sight and level distorted. Objects 
thrown upward into the air. 
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J 0 H N A. 8 L U M E & ASS 0 C I ATE S, E N 6 I NEE R S 
612 HOWARD STREET· SAN FRANCISCO. CALIFORNIA 94105 • (415) 397-2525 

July 18, 1967 

General Electric Company 
Atomic Power Eq,uipment Department 
175 Curtner Street 
San Jose, california 

Gentlemen: 

AT'!ENTION: Mr. R. B. Gile 

SUBJ'ECT: Monticello Nuclear G:eneration Plant 
Earthq,uake Analysis of the 
Reactor Building 

Transmitted herein is the subject report based on the 
information turnished us by General Electric Company, and as 
listed in the references. 

The analysis consists of an investigation of the coupled 
. fiexural dynamic response and the roc1d.ng dynamic response of 
the subject building including appendage, the results of which 
are presented in the report. This analysis is based upon the 
preliminary building drawings listed in the reference which 
were furnished to facilitate the preparation of the subject 
earthq,uake report. The results presented herein should be used 
in producing the final building design drawings, and these fi­
nal drawings should then be reviewed to determine if any changes 
in the building's structural properties warrant a further earth­
q,uake analysis. 

FJK/nb 
Enclosure 

Very truly yours, 

Jomr A. BLUME & ASSOCIATES, ENGINEERS 

E. 1-k.ict:A 
E. J. Keith 
Assistant Vice President 
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MONTICELLO NUCLEAR GElmRATION PLANT 

REACTOR BUILDnrG 

SEISMIC ANALYSIS 

mrRODUCTION 

The purpose of this report is to summarize the results of the seis­

tnic investigation of the Honticello Nuclear Generation Plant Reactor Build­

ing. Based upon the recommende~ earthquake design criteria established 

for the Plant, design envelopes of maximum acceleration, displacement, 

shear, and overturning moment versus height of the building have been de­

veloped for both directions and are herein presented. 

DESIGN CRITERIA 

Based upon data developed by John A. Blume & ASSOCiates, Engineers 

(Reference 6), the design earthquake established for this analysis is the 

North-69° West Component of the 1952 Taft earthquake, normalized to a max­

imum ground acceleration of 0.06 gravity. 

BUILDnrG DESCRIPl'ION 

The reactor building is a reinforced concrete structure from its 

foundation at elevation 890'-3" to elevation 1027'-8". (See Sheets 10 

through 15 & 18). At this level a steel framed top storJ has been 

placed. 

The arrangement of the framing of this top story is indicated on 

Sheet SK-c41D of the Bechtel drawings. (See Reference 1 and also Sheets 

16 through 18). The lateral bracing elements at the top story are as 

shown on Sheet 17. 
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The reactor building is founded on medium sand with some gravel at 

an elevation of 890' -3". The foundation of this building is of reinf:lrced 

concrete having plan dimensions of 143'-6'" by 140'-6". At elevati:ln 935'-
0", the building has plan dimensions of 137'-6" by 137'-6" with an appen­

dage of 57'-0" by 28'-6". This configuration of concrete building is main­

tained to elevation 1001'-2" where the dimensions of the structure diminish 

to 137'-6" by 105'-3". 

METHOD OF ANALYSIS 

For the dynamic response analysis, the equivalent mass system shown 

:In Sheet 1 was selected to approximate the reactor building. ~asses ~ere 

lumped at each floor level except that the top story steel frame was ap­

proximated by an equivalent two-mass system. 

Each story level mass represents the mass of the concrete and equip­

ment at each floor and the tributary mass of the concrete walls and equip­

ment between adjacent floors. The top story masses are similarly deve­

loped but include the tributarJ mass of the walls, frame, bridge crane, 

and the mechanical equipment of the top storJ. 

The average area and moment of inertia of the concrete walls between 

floors was used to determine the stiffness characteristics between masses. 

The steel framed top story, however, was investigated separately. For 

this story an e-quivalent frame stiffness was developed for each direction. 

A value of 3,000,000 psi was assigned as the Elastic t40dulus of the con­

crete. 

The natural frequencies and mode shapes and the dynamic response of 

the equivalent lumped mass system were determined with the aid of an rBr·1 

7094 digital computer. Three modes were considered with the damping value 

assigned as 5 percent for all modes. 

The ground motion utilized in determining the dynamic response of the 

reactor building has a maximum base acceleration of 0.06 gravity and corre­

sponds to the response spectrum set forth in Reference 6. 

-2-
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ELASTIC SPRn~GS 

REPRESENTnm SOIL CONDITION 

References 2 and 12 present the data associated with the granular 

material which supports the reactor building. These values are as fol­

lows: 

Edyn = 78,500 pounds per square inch. 

G = 29,500 pounds per square inch. 

~ = 0.33 (dimensionless). 

p = 135 pounds per cubic foot. 

Using these given field determined values the rotational 

and lateral foundation spring supports were determined using the following 

equations (References 3 and 4): 

where: 

E 
K = dyn 2 = 90. 58 

S m -IA( l-~ ) 
kips per cubic foot -------- (1) 

K t =K IB ro s -------- (2) 

For earthquake in N-S direction: 

I<z,ot = 3,299,934,382 kip - feet per radian. 

For earthquake in E-\.J' direction: 

~ot = 4,234,677,410 kip - feet per radia~ 

kips per foot ------------- (3 ) 
1- ~ 

A = Area of foundation base = 21,786.25 square feet 

m = 0.95 
mm'= 0.845 (Table I-II of Ref. 4) 

-3-
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ANALYTICAL PROCEDURE 

Periods and Mode Shapes 

The natural periods of vibration and mode shapes ~f the mather:>ati­

cal model are given by Equation (4). 

~K - W 2 M ~ ~ = 0 
c.- n -...J':'n ------------------ (4) 

where: 

K = Stiffness matrix (see Remarks on the Computer Program) 

W = Natural circular frequencies for the ~ mode n 

M = Mass matrix 

~ = Mode shape matrix for the n~ mode -n 

o = Zero matrix 

By use of a computer progr.am the W value and the ~ matrix for the n!h n -n 
mode are obtained. 

Generalized Displacement Response 

The generalized displacement response of the structure, once the 

period and mode shapes have been determined, is given by the following 

equation: 

Y (t) + 2W A Y (t) + W~Y (t) = M -1 R (t) U (t) ----- (5) 
n n n n .....E..- .2!.-!!.-..- g 

where: 

y (t) = Generalized coordinate matrix 
n -

-4-
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Ie !-'t 
n 

-1 

= Generalized mass matrix 

m = . §..i. • M • t 
n n 

M = Inverse of the Generalized mass matrix 
-n 

u. (t) = Earthquake input ground motion 
g 

A = Damping for each mode - taken as 5 percent for all modes n 

dt = Integration interval used in the step by step solution 

of the Duhamel Integral - 0.010 second. (Experience has 

shown that excellent accuracy is obtained if the inte­

gration interval is less than one tenth of the first mode 

period of vibration of the building). 

From the Generalized Coordinate matrix the time history of displacements 

is found according to Equation (7). 

-------------------- (1) 

where: 

~ l 
2 --------? J m 

m = Number of modes considered. 

m(t) 

~ = Displacement - time history matrix 

Inertia Forces 

The time history of the inertia forces is then dete~ned according 

to Equation (8). 

-5-

A.2-5 

.JOHN A. BLUME & ASSOCIATES. E.NGINEERS 



------------------ (8) 

where: 

si!l = Matrix of inertia forces for each time increment for 

each mass. 

Once displacement and inertia force - time histories have been es­

tablished, the time histories of shears, moments, and accelerations are 

determined. These records are then enveloped to determine the maximum 

values which are then graphically presented in the report and used by the 

designer. 

Remarks on the Computer Program 

1) The computer program used in this analysis was specially designed 

to solve the dynamic response of structures subjected to arbitrary ground 

motions. Since the program was written to cover as many structural con­

figurations as possible, the structural member input data for the program, 

except for the foundation springs, is in the form of member moments of in­

ertias, areas, and effective shear areas. The effects of axial deforma­

tions and shear deformations are included in the calculation of the stiff­

ness matrix. 

2) The computer retains the response of each mass for each indivi-

dual mode at each increment of time, and the total response for each incre­

ment of time is obtained by adding together the responses of each mass point 

for each mode at a particular instant of time. This results in an exact 

combination of mode participation without the necessity of using approxi­

mate methods such as the root-mean-square method. 

3) Individual elements in the stiffness matrix are designated Kij and 

are stored in the computer such that the i value designates the row number 

and the j value the column number. Kij is determined by applying a unit 

displacement at the jth point while restraining the other points against 

-6-
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th displacement, and finding the corresponding reaction at the ~ point. In 

this canner the foundation spring constants are included in the stiffness 

matrix. This procedure couples the foundation springs and elastic springs 

of the structural system. 

4) The general computer techniques used in this analysis are taken 

from ~eferences 7, 8, 9, 10 and 11. A simplified block diagram of the 

computer program, and the input and output data are shown on Plate A, and 

Tables A and B respectively. 

-7-
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r-...... (tt 
START) 

'READ 
INPUT 
DATA 

~r 

MODE 
SHAPES 
AND 
~UENCIES 
CALCUIATED 

,. 
RESPONSE I 

,r 
PRINT 
OUTPUT 
DATA 

+ 
END) 

• 

{
SEE TAEIE A 
FOR INPUT DATA 

(a) STIFFNESS t.1ATRIX, [!<:] 
CALCULA TED INCLUDmG 
THE EFFECT OF SPRINGS, 

KG' and Krot' 
(b) FIRST THREE NATURAL 

PERIODS AND MODE 
SRAPES CALCULATED 

TIME HISTORY OF DISPLACEMENTS, 
ACCELERATIONS, SHEARS, AIID 
ivDMENTS CALCULATED INCLUDING 
FIRST THREE MODES, EXACT 
RESPONSE CALCUIATED, 

{
SEE TABlE B FOR OUTPUT 
DATA PRINTED 

SIMPLIFIED BLOCK DIAGRAM 

OF DYNAMIC COMPUTER PROGRAM 
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TABIE A 

INPUT DATA 

1. Geometry of Hodel 

a) Vertical distances between mass points 

b) ~1a.ss point identification 

ie: l·1a.ss 1 

Hass 2 

Etc. 

2. Cross Section Properties and Foundation Stiffnesses 

a) Moments of inertia of columns 

b ) Areas of columns 

c) Shear areas of columns 

d) Foundation spring constants KG' Ks 

3. Weights and f.1asses 

a) '\.J'eight of each mass point 

b) Mass of each mass point 

4. Input Earthquake Data 

a) Input earthquake - time in seconds and acceleration in gravity 

units. 

b) . Time length of earthquake record used - 9.6 seconds of earth-

quake. 

c) Integration interval to be used in step by step solution of 

Duhamel Integral (0.010 second). 

• -9-
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TABLE B 

OUTPUT DATA 

1. Naximum displacement of each mass pOint. 

2~ ~aximum absolute accelerations of each mass pOint. 

3. Haximum shears at each mass point. 

4. Maximum overturning moments at each mass point. 

5. Natural circular frequency of vibration of each mode calculated. 

• 
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DISCUSSION OF RESULTS 

Abs~lute Accelerations 

The curves shown ~n Sheets 2 and 6 give an envelope of the maxi~um 

absolute acce1erati~ns 1-nth respect to height. These curves can be 

used for the seismic design of equipment elements rigidly attached to 

the reactor building, but since the curIes given are f~r absolute accel­

erati~ns the moment, shear and displacement c~es presented should be 

used in the design ~f the building. Critical pieces of equipment which 

cannot be definitely assumed as rigid (period greater than 0.05 sec~nd) 

shall noc be designed ~n the basis of the curves presented, but should 

be dynamically investigated, individually, to determine the effect of 

the interaction of the equipment and building. 

Ghears! Homents and Dis'Placements 

The maximum envelopes of building design shears, m~ments and dis­

placements are presented graphically on Sheets 3, 4, 5, 7, 8 and 9. 

These curves should be used in the seismic design of the reactor building. 

Periods of Vibrati~n 

IDlrection ~f Earthquake First I·1ode Second Mode Third M~de 
(Sec~nds) (Seconds) (Seconds) 

North-S~uth 0.596 0.211 0.183 

East-West 0.549 0.221 0.186 

Recommendations 

It is reco~nded that the subject structure be designed t~ resist the 

seismic shears and m~ments presented herein without the usual increase in 

stress f~r sh~rt term loadings. In addition, the structure should be re­

viewed t~ assure that it can resist twice the seismic shears and moments 

presented herein without hindering the ability of the plant to safely shut 

down. In addition t~ the horizontal accelerations, a vertical building 

(and equipment) acceleration ~f 0.04 gravity, acting simultaneously with 

the horizontal accelerati~ns is recommended for design. 

-11-
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SEISMIC ANALYSIS 

W E:. J G;'" T 4 (CON T. ) 

TOTAL We.IG;.4T OF CONCRETE. :: 0.15 x 70,734.55 

VENT 57 I~C.t< :: 13.1. 5 x .~~ 

DE CI< ,,(OOF :: 0.005 )( (~Z. ~5 x //3.50) 

~'5 IJRYWeLL 

y~ )-10 IS T 1- .sU(~,~ORT STEEL. (ASSUAt1 c,~) 

/5 Vc.lY7"/ LA T/ON eqU,'/:JMcN T (ASSU/\!1c::)) 

~~ ,,<,,0, V. W/J Tel? ¢ rUe:" 

I: .s.:...:: v Ij TOR (!.l S SUM .= D ) 

)/5 M/SC. eLECT. eQUIPMeNT 

~5 M I .5 C. PIP / "v G 

..5k.'NI/VlC,-( SU/~.Gc -rANKS 

.sTe.~M ORYE.< 

STE,1M Sc/~A/~A TO.'<. 

/z WAie.Q /N Fi...IEL. STO;</jGE POOL 

/1 W/~ 7':,< 'DRYEI< ¥ Sc,~;.lR/J TOi~ POOL 

:: 10J C,:o.18 

- 4.~1. 

= :8.50 

= 1.4-0.00 

-: 4.00 

:. '20.00 

-: ~oo.oo 

.. 84.00 

= 50.00 

:' 50.00 

= ;Z4. ,,)0 

= '5/.00 

= 07.00 

= I) '2 5 B . ~ :J 

:: C, -5 ,5 . ,,),:) 

.5TAN/J-/5Y Lio,UiO CONI,<,OL SYSTEM IANi<.: 'Z~.OO 

ST,j,N.'J-B'( LIQLJ//J CON7/?OL SYSTeM TES7 TANK -= tz. ;,)0 

HOL./:J L/i'O PUMPS = /.00 

WE.IC:J!-IT 4 

A.2-37 

l<' 

SHEE r NO. ':: 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

WE.IGJ-IT 5 (@ EL. 985'-c;,") 
VOLUM E OF CO,vcR,E-:-e : 

:Iv' 4 '- L S 4 COL L./t'V1 N 5 ;.L'S 0 V E : 

11 x /5. C4 7 )( 3, 3 a, ~ . / q 

WALL..s· 4 COLU/yf.'VS !SE':"OW: 

'/1 x 'Z'S. 00 x ~ 8~4. ~q 

S ~ ,LS 5 e e ~. 9 c5 -5 ,_ (j, II : 

S "I!=L'-"" . ,., ,_ I....,;. 

4.00 )(, 5ct 6.00 

3.00 .< 860.00 

tz.OO x C,3-5.5'0 

/.50 x~/Oq.41. 

5.50 x /,04-0.00 

1.00 x ~ ~G,";. J q 

"2.50 x ~. 00 x. (.:,/.00 

3.00 .x. c,.OO )!," <:04.50 

3.00 x. 6.00 " "'~.75 

Il.OO ~ 4.00)r.. 55. /5 

3.00)(,7,00 >' 4-8.00 

J CJ . -3 ~ x 4 o. c5 '" 

TOTiJ.,t- VOLJME 0;: CONCRe Te 

A.2-38 

~r; - ....... '" ... ' = ~ ')~,-:",.o.-:'"~ 

= 'Z. 3::; I, .~: 
; J w • ..." '-" 

= '2: "4-0.0..) 

= I } 307. ·:;;0 . 
= :3.) 

, 
~4./3 I 

= - ~ /"') 0 --..-. 
~) ,'" . '-''-' .. 

• = ~ .- - - , ~ 
i ..a",,:l .. , 

= C,i5 . .JO 

= I , Co.' • .... ..., , 
; . ...., 'OoJ 

::. I ~,Y2.~.J , ) 

= ~4.' .0::) 

= I O~a.")0 I) 

= 78 Cf.61.. 
~ 

8 ~ --..~ .: .' "', ': = I) I , v. ~ -:- ~~. 

SHEE r NO. '.'.;,. 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

'I,/5,IGI-IT 5 (CONT.) 

A.2-39 

TOiAL We/6J.JT OF CONCREiE = 0./5 x dQ}770.34 = IJ)4G5. 55 K 

MASONRY WALLS = O./S x /,3ql.5~ = "Zod.7S 

Ij~ /::;RYW~I..'- = "240.00 

15 ~OIS7 E$ SUPPORt STEEL (ASSUMe .. ') ~ 4.00 

';15 VENT/LA ,ION E-qUIPMeNi 

VsR.P.V. WATc~ Et FueL 

Y5' EL.=V/jTO/~ (ASSUMeD) 

jl5 MISC. EL=CT. equIPMeNt 

V, M / S C. PI /:J / N ~ 

SI-U p(OJ NG C4SK 

V~ WljT=R IN FUEL. STORA (:,f: POOL 

FUEL. ~ EQuIPMENT IN PooL 

(4.4 ;( 4-0 x ~e:, - '24 G,5 ) 

rueL (JOOL COOt.ING !-lEAT EXC/-I. "I PUIVL/oS 

PIL'TE./<S 

COO("'/lvG WA7"~~ I-fEAT eXCI-r'ANGcR. 

COO'-Ilv~ W4i=l< PUM/=S 

COOLING WA,=iC SU/~e:,= //..1iYk 

COLL.E CiOI2. IANI< S 

Cl-leM/C~L WASTE TANK 

WE/GI-IT 5 

:= '20.00 

= /) "2 00. 00 

= 5~. 00 

os 50.00 

= 50.00 

= /'50.00 

= 411 .. 00 

:: 1, /.'~.oo 

:: 5 ~.oo 

- 4-'2.00 

:: /1. 0.00 

= 41.00 

:: lG .00 

= /1. 81..00 

= 4-0.00 

= I 8 ) .; 0 <0. '2 <5 .~ 

SHEET NO. ':.; 



JOHN A. BLUME AND ASSOCIATES,. ENGINEERS 

MONTICELLO REACTOR BUILDING 

SEISMIC ANALYSIS 

WEIGJ-IT c;, (@ EL. CJG'ZI .. G'') 

VOLUN.c OF CONC/2= Tc : 

WALLS 4 COf..UMNS AtSoVe : 

A.2-40 

I~)( 3.14x 11.5)(. [~;( ~)C4G)+-(4-4x GO) -(''2x48~: q, q ~G. Be, t~ 3 

J?z. )( 1. 3 . 00)( '2J 0 oS 0 . a, 3 = '2 3) 58 '2 . 14 

Cf. 50 x 1..50 xl d 

Wt.l!..L.S ~ COL.UMNS I3ELOW : 

(4)( 3.I4-x 70'l)( 13.75) 

= 4-17.50 

.. I~ X 3.14 x /:s. 75 [48 I( +- ~o '7+ (48 x ~ 0 ~ = '2 1/28 € . 1. 7 

~ )(tz7~0)( IJ741.~7 =tz~;'14'Z.50 

S L A IS S @ E.I... q ~" ,_ (p " : 

4. 0 0 ~ 7'l. O. 00 

'Z.OO )( I)05v.O O . 

'Z. '5'0)( I, d 77.00 

3.50 x4'ZG:J.14 

j.oo x 500.00 

1.00 )( 8)105.'25 

S LA /3 @ E. f.... q 7 /(, ,_ 0" : 

1..50 x /0/.-50 

= '2.860.00 . 
1., /I '2 .00 

:. 4;~q'2.-50 

= 1)4q / .49 

= 1,500.00 

: a)los.'?; 

tzOS3.75 

SHEET NO. .z~ 

-• 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

WEIGHT G (CONT.) 

8EAM S : 

SH'/ELO : 

='.00)( C,.OOx,77.1Z5 

'L.OO x ~.Oo )(,3'2.00 

.3.00 x 8.00 x 90.7'5 

'l.0 0)( 5.00 x IqG. 75 

.3.00x 7.00x66.75 

3.50'1( <5.00)( 3C,.OO 

'2.00 '" 4.0 0 ". 4~ . tz -5 

3. 50x ~.50 x ~d.OO 

4.50 x 8.'2~)I. 30.00 

~.oox 5. OOx44.~O 

3. OOx 5.50 x41..00 

= 
= 
:: 

= 

.. -
= 

= 

:3 64. 00 

'2, /7d.00 

/) q (07.5 0 

3<0'2.00 

dC,4.50 

~C,7.50 

A.2-41 

= /) 03/.71. 

T07I.J.I ... VOLUME Or CONC/<,c7f: 

SHEET NO. 17 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 
'WE/6I-IT G (CONI.) 

TOTAL WcI6H7" OFCONC,ec/= = O.15x II;J 7(0'2.'13 

MASONRY WAL.L.S :: 0.15 >< 1581.5~ 

STeEL rL.Qo;e FtfAMIN6 = O.O'Z x '3'CIG:J.OO 

14. ,QRYWEI..t... 

~ RECIRcut...1.1710N PIl~~/NC::I) 

WA7"c/c) VALVe 5 tI- PUMPS 

f:s /-10/57 ¢ SUr'po£-r StEEL (ASSUMeD; 

Y's VENtILATION cqUIFJMeN7(ASSUMEIJ) 

% R.P. V. WATeR ,.' ;:=UEL. 

1'4- ELEVATOR (ASSUME/J) 

MOTOR GENE.RATO;eS 

~s MISC. Et..c.CT. 8QUIPMElVT 

1'-5 MISC. PIPING 

SL.UOGe STORAc:,E 7'tdNJ<S 

OC cANiS PI/:JES 

wASTE SL.J/~6e TANI< 

CONI';)eNSA7e SLUQC!:Je 7ANI<. 

.sL.U~GE REC=IVE.R iANk.S 

NON-Re6EEN. !-IeAT EXCI-IANc;,E:.R. 

R.E(,:;E.N. l-IeAT ex CH4NGe.I'< 

RlECIRCULATION SUR~e -rANI< 

R!E.Clt<CUt...IlTIO/v PUMPS 

A.2-42 

I 7; 0 ~ 4- • 4 4 I<. 
/( 407. 1 ~ 

r:;, 4. 5 '2 
300.00 

'Z.~4.00 

4.00 

'20.00 

l/l.O~. 00 

105.00 

,z ao. 00 

5'0.00 

50.00 

140.00 

I .00 

'11..00 

3~ 1.00 

~o.oo 

57.00 

3~.oO 

5.00 

~4-.00 

SHEET NO. ,,3 

'j 

• 

: .• 
'--



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

'iv'E/G/-lT 7 (@ c L. 935
1

- 0 ") 

VOLUMe OF CONCR.ETe " 

V'v',lL...!...S 4. COLUMNS AtSOVE: 

/~ x 1. 7. 50 )( I, 531 . 5 5 

I~.OO x /(012.00 

W .. J L .:. sec 0 :.. U M IV S IS':= '- 0 w : 

0:;. >( 3.14 x c,c,'2 x Iq. 37) 

- [Yi x 5.14 x / q. 3 7 1 X (3 x 3 I - 1 q. -=3 7 ;J 
+(1'4 x 3./4)( 40"x 5) 

r- ~ - LY~ ( j x tz) x 3. /4 )( '5 '2j = 4 3 } / ! 0 . 1. 3 

(Bx7)x~.14xc,<5 = 4;483.91. 

Iq.3·7x(/34.00x3.5)x4 : 3G,j38.1f2 
r -

3. ~ 0 x 17. B 8 x _ ( 2 x "28) +- o5'7J : G J d i 3 .7 q 

SL4/S 5 @ EL. q~ 5/· 0",' 

s ,~' / E .:... to : 

1.7.o0x I2e:,S.7" 

TOTAL VOLUME OF CONCR.eTe 

= 

A.2-43 

SHEE T NO. ~--? 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR. BUILDING 
SEISMIC ANALYSIS 

WE/GI-IT 7 (CONT.) 

A.2-44 

10 Til '- W~/Gl-li O~ CONCReTE. : 0./5 )( I~O, '?4Q. 75 :. 1.4; 0 ~7. 4;' it:.. 

MJSONRY WALLo! = 0.15 x e;)044./7 

Y.3 QRYWELL 

~1 ';U,oPRESS 10/'1 CM'I.1M,SER ~ 'IE NT S 

;';Z W,.l TEi< IN SUPPl~ESJ ION CHI.lM,S E.;Z 

liz. ,'<E.CIRCU LiJ. 7/ ON PI P 1 ,'w'G ) 

= 05"0.00 

'IV Il TIE:. /<. } v t.1 LV E 4 /~ U M (oJ s. :: 
)Is HOIST f. SU,.cPORT STEEL. (ASJUM Ei:)~. : 

!Is VE/v7/f..47/0N EqUI/~MElv7 (ASSU/r1E.D) = 

ISO '-A7/0N VALVeS 

CORe SPRAY PUMPS 

REAC-rO/< €-quIP'T) "RAllv' T.dNK ~ /~UMP 
FLUX MON/tOR. EqUl,oMENi 

GAIV\MA MON/roRING 

INS7/<UMENiS ¢ AIR LINes 

'14 ELEVA,O,,< (A,SSUM e/')). 
SI-;U i-/::JOWlV' HeAT ex el-r').}. NG :,'<., 

JI-IU7-00WN PUMPS 

15 MISC. E.i...eC7. EqulPMElVT 

1;'5 MISC. PI lOIN G 

CO/ViR.OL. R.,.OQ t:J/(/Ve. E:.QUltOMcNi" 

WEIC::JI-I-r 7 

= 

= 

= 
= 

--

= 

"'24.~O 

4.00 

120.00 

/00.00 

tz 0.00 

4- i. '00 

10.00 

125.00 

'25.00 

105.00 

"'o.~o 

~O.OO 

50.00 

50.00 

/1-1.00 

SHEET NO ?::J 

,'" '-, I,. 

• 



/.-c:-. (It 
JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

WEIGI-IT 8 (~EL. 8q~/-311) 

VOLUMe OF CONC/<'=TE : 

A.2-45 

.--. ? I) 'I. ) ( )~ (' \ ('4x;'14x~GJ )(IOj-L(5.~-S~~ +l8;c'Z J '\l.J5)(6; = n 7 1'"- 0" - - ,,' S 
'-.)"P :I.:;''' f1': 

;~ x -3.14)( q r c,G, 'Z 0/-64 'to/- (c,G,x 84)l - ('24 x q xO) - ~ 

~)( [(/40.5)( /4-0.5)+ (3 x 63 ;:~('24xq)J 

/ q . 3 7 x (/34-. 00 x B. 50) x 4. 00 

[ ( 'Z 5" g ) ,.. (40 x 3 j] x ~ 4 
.. "'/0.00 

1'1.37 x (5'2x3)x4- :r 1'2)05('.38 

19.37 )<3.5)( [(2)( I{ 8) + 57J +- (8 x 5.14 x 57) = 'lIZ; 0'2 4. 8~ 

i(JTAL VOLUM E OF CONe/cere = 'ZQ8)o 1 Q. 77 ;,~.s 

= 8'50.00 

SHEE T NO.:' / 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

A.2-46 

SECTION PROPERTIES 
a. cARTf-IQUAKtf. IN N- 5 f:)/!Ce:CT/ON C e· w AXI.5) 
EL. 10'27 /• a" TO ct. /OCr-;z" . 

b d L A =- Jed Io=hAd'l AL1 
Pof.. I';'. .pl-. PI-.'t 11-.4 11-.4 

1'1.;<. /. 00 105. '2-5 1~./3 1./ 0.50 /q4~~/8.a~ 54 .. 7C,5.:Q 
I 1.00 1.4.00 0.00 1(.4.00 i 1 )/5'2..00 0 

I 

~.oo 114.00 /8.00 ~4.00 i 1;-37'2.00 'l.1/Llr4.00 
c,.O 0 14- .,00 /8.00 ~4.00 I /)371.00 'Z7,1.I(O.00 
-5.00 : 50.50 0.'26 ~-5 tz..-50 53.) ~a,I.S I '5 ,-

I 
( .. ::;) 

1.00 ! /'5.00 'Zd.50 15.00 1(,~/.1.5 1'l,/83.75 
I 1.00: /3.00 1 30.00 IS.OO /B5.06 /1,700.00 
/3'5.'50; /.00 15".00 13-5.50 ll/l.q 175,VJoe.Oo 

I ! 
/35.50! /.00 i <D8.'Z5 /85 .50 , 11.1(,9 ta3')~7./5 

I 
'2~.oOI 5.50 '2'Z.7~ 143.00 3<00.47 74)011.06 
'Z~.OO I 5.00 'Z1Z.60 I so.OO 'Z70.83 G,oS,d/'Z.50 

'2.)<47.oo! ". '50 10. i5 tz~ <6.00 I I tz. tz . ~'1 'l7)1%/~O 
! 

! 11.00 '2.00 I '24.50 'lIZ .00 I 7.33 13/l05:50 
57.50 /.00 ~S.50: 57.50 I 4.79 71.)4~4. :58 
9.00 1.00 57.50 I f:I.OO 0.75 'lCf)7SC:J.15 

'2)('2.00 / ,ISO 94.75 ".00 /./1. ~ 14-:.5Q; 
15x3.00 1.60 ~4.76 'Ztz.o$O 4.'21 1.7,/70./0 

'l.x'Z.Oo /.50 44.-50 ~.oo 1./1. /1)85/.'50 
4)(5.00 /.50 44.60 /8.00 ~.37 35)"~4.50 

I 12)('2,00 /.50 C:J7.00 ".00 /. /1- ~~)q34.00 

.5)( 5.00 1.50 ~7.00 1Z~ .. 50 4.1./ /01)00'2.'50 

I 4.00 '2.00 I 'l,4.00 8.00 1.'~ 4;W8.oo 
1 'l.x '2..00 co.OO I 'Z12.'2.s 1.4.00 71..00 / I )8~/.44 

J 
1.00 -:3 ,00 0.00 ca.OO 4.50 0 

IJ:.a;::r. 50 'Z oS 3/2 tz4.1 S IA48/;,44. 93 

CI/2.CULAI< PAl2i: 

A'" n Do;/J/ . t. :to 3.14 x 4tz.3S; ~'2.3~ ·5.00 =- 56C,.08 f/.. ~ 

1::. ~ (Oo1~Di 'Z). ~~~.06{41.3St"" 31Z.33 f ) -= /09,'11././4 ;-1-. + 

2'A: I, ,,(Qq. 50+- 5dGJ.0c5:: 'l/l. 55. 5d It. t 

, . •'/ . 

~ I::. 1.53) tz1.4-./S 1- 1,4-4-8
J
a,4-4.Q 3 + 10 9/::f/Z I. 14 ''1,805} 790.1/2 /1: 4- • 

SH££T NO. EtZ 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

. . 

I .b d f- A =Iod Ad'YI'2 
{!r. !-Io. 11-. ' (oJ 1 fJ.." 1- , 

i 1.)4/.00 1~7.50 0.00 '275.00 433,2CDB. Z'Z 
".00 'ZG.OQ 0.00 5'Z.00 !,81Q.-S3 
~.oo /0.00 '1.0.00 ~.OO -500.00 
~.oo /0.00 .zO.OO G:>O.OO 500.00 
5.50 5'2.00 0.00 ~6~.OO G,4~4-4-5.~ 3 
l.coO 14.00 -54,50 53.4-0 1)843:20 

3.J.'Z.~4 5.00 '28,00 45.00 er3.75 
1.00 .30.75 -51.00 :30.75 1. .l~.'Z 1. .qq 

'ZG.OO 4.00 :3'2.So 104.00 /3a.~7 
0.50 ;Cf.oO 47.00 q.50 'Zd-5.7Q 
1.00 I 4,00 Sq.OO 4.00 5.33 
12.00 ~.OO ~e>.60 /'2..00 3G.OO 
'2.00 '1.00 4-5.00 le.OO /1..1.50 

'Z)I. /.00 ~.OO 55.50 /'2.00 a".oo 
0.50 1(D.oo 5/.50 6.00 170.rtJG:1 

I,.. (3;.:./.5) ~.oo ~~.50 44.00 1. -34.ft; G:1 
/.'501-1:50 1.4.00 5~.00 q~.OO 4)~.OO 
1505.-50 /.50 G8.00 '20~ .'2-5 ;8./0 
'41.00 0.50 "7.715 '2 0.50 0.41 
~~3~/O 1.00 50.50 Iq.oo 1.5d 

1'2.Ci;,7 /.50 44.00 let.OI B .Sc;;, 
/3'2.50 1.50 5-5".75 ICf<!.75 37.~i 
'2x'Z~.oo (a.ao tzl.-'5 -3/ '2.00 Q3'.OO 
l.x/O.OO 1.50 1'5.00 :3 0.00 5.ca'Z 
1.~.OO 4.00 1.3. -so /04.00 I 3~.(;'~ 
/ 1.00 1.00 53.50 II .00 O.9~ 

:3 .00 1.00 3a,.50 a,.OO 1(.00 
i '2" .00 1.50 45.'30 33.00 Ca./8 

4-.00 E.oo 4-5.50 1'2..00 '1.00 
/.00 :3.50 4B.oo 3.-50 -3.57 

/4.00 't.oo 45.00 /l6.oo '1.33 
4-1.00 '2.50 4JS.tz5 /05.00 -54,("6 
45.00 1.50 -58.00 IIIZ.50 Sd.5'7 

A.2-47 

A L. 'l 
/-A 4 

0 
0 

14)000.00 
11.4.000.00 

0 
114-.0&57.~O , 
~5)1g0.00 

7'1,Q!)u.7t5 
109) 850.:JO 
'l.0;'~8-5.50 
~;084.QO 

/7) 787.00 
~Ca)4--S0.00 
34-)~7.0Q 

1.1,1.18.00 
/77;4-/9.00 
30(O5~.OO 
'1a9)~;'20. ~o 

Q4;OQ(".'23 
4&)454.75 
3")OO3.~ 

1l'5/tf)o/4. ~~ 
1'57, '150.00 

10) 75(').~0 
57;4-54.00 
3/,484.75 
7;'1Q3.S0 

(p8J~/!. '2'; 
14-J 843.00 
8) 064.00 

-5Ct» 700.00 
'Z /4) qq 3:'~o 
S78)4-5V.OO 

SHEET NO. ==-



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC' ANALYSIS 

EL. /00/'- '/.11 TO cL. 9dJ5 '- a, " (CONTINUc:t:J) 

10 d L A Ad'Z/'J'Z 

f- Pt.. ;+. ft.. II-.Il :t1-.4-
I 

4-5.-50 1.00 ~i.'Z5 4S.'SO 3.7Q , 
4-'l.oo 0.50 Q,7.50 'Z.I.OO 0.4-8 

135.50 1.00 ~8.00 135.50 /I . 'Z. 'f 
Cf.OO /.00 5d.OO q.OO 0.75 

'2x'l.oo 1.00 34.75 4.00 0.3-3 
5)t :3.00 /.00 -34.75 /5.00 I. '25 
tzx3.00 a.oo /0.75 Id.oo /3.-50 

3.00 '2. -SO -35.00 i.SO 3.'10 
3.00+-'2.00 1Z.'50 4-4.50 1tz..l50 (co'S/ 
:.00.;.1.00 1.50 a,7.00 7.50 / ,4-0 
'Z)t fl.oO 5.00 '212-,,5 '20.00 41. (0(; 

'l.OO '2.50 0.00 5.00 tz. G,O 

/.00 4.00 -56.00 4.00 5.33 
7.00 /.'So ~q.50 10.50 I.Q7 
1.50 :3.00 ~7.00 4.50 :3.:38 

'Z,)~/q.Ga, 5/3)043.00 

CIRCULAR. PART: 

A ::. ~.I4)( 44.'50;3~.50 x 5.50 = ~73. 5~ ~r': 1 

I = ~~~53 x (44.50 t .,. 33.501) :: 130,GO/.~711-.4 

2:' A ::. ~.C,lqJD~ + GJ,73. 53 ~ 5) ~(o oS ./q if. ~ 

A.2-48 

.dL~ 

t-l-.4 
'20 oS , 77(c.4t5 
q-5.1~6/. '26 

0'Z(Q)55'2.00 
.:30)~7(o.OO 

4;830.1.4-
18) 1/3 .40 
'2,060.06 
Cf, 187. '50 

14-; 753.1 ~ 
;3)~7.50 

9/101.?.0 
0 

1'Z,)544.00 
/~) ~82.G 3 I 
~)/G,O.50 i 
. ! 

4;4,!~,!5 '1. 31. I 

L I = 513..104B.oO+ ~4q"')55C;. 3'2 + 130.)~OI.~7 :I 5.1 14-0 J '205.99 .r-l-.-f. 

SHEET NO. 3-/-
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

E L. q <55 '. Ca /I TO IE L . q G:1 tz. ,_ (j; II 

b d '- A = 10 r:::I A d~/ /1Z 
t.f-. t/.. 1-1-. 11-. 1. I' 4-.,.. 

'2x l . OO I Sf. 50 0.00 '275.00 4-35/Z ,,8.1.1 1 

1..00 ~(o.oo 0.00 5"2.00 "/II(.Q3'3 
1.><tz.OO 10.00 (;,1.00 40.00 3-3~.';3 

'.00 '23.00 4-5.00 12'3.00 I, 01 S .'71 
'2.75 10.00 ~.z.'50 'Z7.50 1.1.'1.1'" 
/.50 5.00 15.00 7.50 /5'·~'2i 
/.50 8.00 '20.00 ! 11..00 Ca4.00 
~ /0.00 1.1.00 45.00 -;375,00 3.00>< 10 

1.50)('-:9 3.50 CI.SO /3.50 IS.7a 
3.5 

".75 13.00 13.00 35.75 505.4-7 
1.75x ~ 6.00 1.1..00 'Z'2.00 45.85 
'(.75x ~ 4-,00 1.0.00 5-3.00 I 44.00 

1.00 5'2.00 0.00 IIJ7/7.3~ I 512.00 I 
1.50 47.50 4-5.00 7/,125 I /; /3'1 t;,.46 

C# 4.oo)C if '2.00 ~5.50 tz4-.oo : 8.00 
4.00 let.OO! 37.00 7~.OO 

I 'Z) 'Z~ to.3 3 I 

, '2.75+'2.50 17.00i 55.50 bq .1.5 : 'l)4-Cf,4; 
17. x '2.00 5.50! ras.oo 'l1Z.00 : 55.4-5 

I . 
~~.OO I rz..75 '24.00i 5ea.00 a)G,~.oo 

I '24-.00 i 1.4.00 1.00, (08.00 '2.00 
/ fl. 50 / .50 I ""7.75 I (07/25 I Bl.S:; 

5.00 1..75 ! 1.~.OO 12'2.00 I / 3.8~ 
10.50 '2.00 : 5Ca.OO tz 1.00 , 7.00 
'15.00 /.00 I -5G;,.OO CiS.OO 7.Q/ 
'1..4-.00 0.50 3-5.'Z-5 III .00 0:'25 

/i'1"QrC,oI-4 tz.oo 34-.50 71..00 1.4-.00 
1...oOr7.00 ' '2.75 '2CP.QO 1.4.75 /5.5'1 

Iq.OO 1.50 11.50 '28.50 5.34 
'25.00 /.50 0,75 37.'50 /.03 
1/.00 4.00 " 3.50 44.QO 56.CD" I 

~.50 1..75 '24.00 /7.86' It. 'ZC4 
'leo.ao 3.125 44.-50 84-.50 74.3u. 
35.00 '2.75 44.1.5 '1 CO.'Z. 5 GO.a,., 

A.2-49 

AL1 ! 

.:.'1~ 4-. ,. 

0 
0 

i4-8)8~o.rJO , 
4e:,)575.o:J : 

I ~ ~I? ' ,.i,A f _.,.; • _ , • ....,....,., 

I (08- -.J /; ,..~. 

4:600.00· 
/ q ,8~5.QO: 

/)1..18.-37 I 
G;04-/.i5 : 

IO)(:'4-C.QO , 
/3/200.00 i , 

0 , 
I 

144-/lBI.?5 j 

15,~00.QO i 
104; CJ#.-. 00 ! 
;Z-4-~'r .... , : 

/ - " ;... j ! 
Q'Z,950·.?°i 

'Zoe:,) q 1(4.00 i 
IIO;Cf iCQ'OOI 
i~7 ~o7.5~ I 

/ ~~8 7'2.00 I 
~s ,c3-5(Q . .)O I 
I'Z';J~O.QOI 

14. '1/0. 7Z 
85, (,;,'18.00 
/(.rJ; 73/.00 
3.7G9./5 

- 1.1.OO! 
1..4-,1. CJ9. 00 
/o,'Z.98.M 

1G:;73.:i:/~ , ~.... , • I ..., 

, 18eJ4-~3.'Z3 

SHEET NO. 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

cL. 985'·~" 70 eL. qa,'Z'- ~1I(CON7INUeO) 

10 d L A = led Ad'Y/'2 
t-l-. f./.. ~.,+. f.' '2 r. '/'i/o 1: 

'2.75+-/.50 <0.50 3.00 '27.~3 Cf7.'ZO, 
'2-G.oo '2.S0 C,7.50 "5.00 :35.85 
54.00 1.50 C08.00 ~/.OO 15./8 
46.00 1.00 ~S.'Z5 48.00 4-.00 

'1.00 /.00 58.00 q.OO 0.75 
Ilxll.OO /.00 'ZG.OO '2'Z..00 I.e;:; 
'Z.OO-tB.OO B.OO 35/Z5 is.CO 11...00 

'2.00 'Z.OO I 1'2.'l5 4.00 /.?i3 
'1. .00 :3.00 I :35.00 ~.oo 4.50 I 

3~3"1. B.OO ! 4-4.50 14.00 18.00 I 
'l.5 + 5.0 /.SO i G8.o0 8.15 1.54 
3+3,..z 1. .00 I (g6.'l.-5 IC,.OO 5'.3:S 
'2)( '2.50 5.00 rz1..1.. 5 15.00 -S'2..0~ 

1..50 '2.:50 0.00 ~.'Z5 .3/2.. 5 

A.2-50 

AL~ 
,1 4 
~ ... 

24-8. ~" 
I.q~ .. /I5G. 15 
374,544.00 
1.123)5~<D.~6 
30.'Z7G.OO 
1~67rz.OO 
18: GJ-35.40 

1//8Q.14-
7;350.00 

4i/51.(g.OO 
3e;,/45.00 
74)51Z8.~G:J 
/'Z,:3 7~.50 

0 

tz
J
0C!0.51 4-71,/84.61 i 3)83'1,511..5'1 

CIRCULAR PAR.T: 

A = ;./4)( 45. 50'Z"" 3;.50 x G,.OO = 744.18 ft. 1 

r- 7;:./~ x (45. 50 'Z';' 53.50 t ) =14-8)487.1(pII-.4-

2'.A:.'l.OCfO.51 +-744./a = tz J 834.r;,Qff. '2 

2[=- 4-71.) Id4.8/ + 3;8SCJ,8/'Z..5Cf + 1tt?-8J 4-87.1" ~ ~4(j,O)4~4.:'~.f;.,4 

SHEET NO. 5'; 
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

E. L. q Ca 'Z. ,_ C, 1/ TO c. t... '15'5 1_ 0 II 

b d L A=Qd A d'Z/I'l. 
11-. tt. t/.. I- I IZ '-1-. 11-.4 

Z,,,, /.00 137.'50 0.00 IZ7-5.00 43a/Z~B.'Z.~ 
'l.00 '2~.OO 0.00 512.00 'Z)Q.zQ.33 
1.00 -3(0.00 5/.00 3~.OO 3J!6~.OO 
4.00 "cr.oo 4-q.OO II CtJ.OO 6) .zq.CtJ~ 
4.00 ~3.50 5/.00 /34.00 /'Z.j3~/. 7'1 

3.00xf 8.00 4-5.00 5S .00 / i (1).00 
.z.50)(¥t '2/.00 .30.50 75.00 "Z)i5'G,.~5 
/34.-50 1.00 (Q8.'Z 5" 134-.50 11.'20 
1-3.00 1.00 ~7.'l5 '25.00 1.'1 I 
3'2+-51 '2.00 Co7.'Z5 / c;,e .00 5".00 
8.00 /.00 5~.oO ~.OO o. (Q<Q 

'2~.OO tz .50 48.'50 (;:,5.00 :35.65" 
7.00 '2.00 35.00 14-.00 4-.GJc, 
'1.00 /.00 56.00 q.OO 0.75 

34.00 0.5 <;,6.00 17.00 0.35 
/lUI. 50 1.00 ~c5. '2. 5 llea.50 Q.70 
'2x 'Z.OO ~.5Q 44.50 10·00 6.1Zo 
'Zx3.50 3.56 44.50 14-.50 1.'5.01 

. 1~1.+3)(3. 1.50 CiJ7.00 )CL50 3.C,5 
1)(-3.00 /.00 ~ra.75 G;,.OO 0.50 
'l ;tll.50 c;,.00 '23.00 SO.OO 90.00 

'2.~0 B.OO 0.00 7.50 5.~'2 

/1.00 /.50 59.00 I ~. '50 ~.09 
18.00 1.00 51.00 18.00 1.50 
/3.00 1.00 4~.SO 1'd.00 1.06 

1.)(/.00 3.00 46.75 G.OO 4.50 
1.50 5.00 (A. 50 7.50 15.~S 

150 J3.iO . )( q.oo 9.00 58.00 ~O.'Z5 Is~.~q 

1.50~ ;'.i)g B.oO 54.00 5.'25 B.Cf4 
37.50 '2.00 5~.50 75.00 ;Z5.00 

'Z.OO /~.OO 4Q.OO '24.00 tz88.00 
'2.00 8.00 45.00 I'" .00 65.~3 

'2 00 nco 
• JC. a.SO d.SO 50.00 ~4.00 I 44.4·Q 

1,55Q.OO 4G4,C,37.5C, 

A.2-S1 

,1L.~ 
/I' 4 
.,.~. 

0 
0 

q3)Ca~~.oo 

'L76,5/(j,.OO 
34-8,634-.00 
~C,,8'Z5. 00 
(Q Cf. 7"8.7 ; , 

"7.C,:509, Q 7 
1(4)018.86 
75'~ 790 . ..)0 

'25)Q8d.OO 
15'7..;a'tG,.'25 

/7) I 'SO.~O 
30/27G.OO 
i6)G,~.OO 

54-'2) {""3. '1Q 
(C/)60'l.50 

4-8. 5/~.j3 
87)535.50 
1C,/S3,.50 
15J a70.()O 

0 
57)43'.'50 
4tCJ 8/6.00 
'2dJ09.1'5 
14,) 7.59.38 
31)1.01.8~ : 
~d;1 'Z 1.00 
15) 309.00 

z.'Z'Z, 7~6.i5 
57,~7.4.0o 

-3'Z~400.00 
S9)QCf'l37 

4)0'ZfDJ584.76 

SHEET NO. =i 
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS' 

€L. CJ(O'2'_~" 70 Et... Cf3S'.O"(CON7//",,'UEC) 

CIRCULAR PARi.' 

7~OO~~~OO (c . 
A = ~.14x '2 x 5.00 - 5.00x q.oo.,./o.OO/ = 

= /I051.qO-(45.00~-SO.OO) = q5~.qo.pf..'Z. 

A.2-52 

I :s !i?i¥ qO x (71(,.00'Z .;.(0".00 'Z)-45.00x(-~fO! 33.51· 50.00x(-iia: "~.=5o'Z) = 

= 5t:t3. 534-. 57-~O,~q4:8'S ofo /(7., !;4(J;.~O ): 51 '5, 09'B. /(/( ft: 4-

.s J-/ Ie. L D : A = 'h.. x 3. /4 x (~'5 of- / 7) >< 4 :. ~ ~ 7. 7 c;, t i-. 'l 
Z A = /559.00 + 95(0. qO .,:. 'Z" 7. 7(# = 'ZJ 781. G,,, Ii-. Z 

21 = 4G,4;Ca 37.~G, + ~ O/l(:',584. 78 + 'S1i5,,0'1';.?t = -5JOO~J3/5. 5G tf-.4- • 

'. 
SHEET NO. -- ~. .-t._ ... -



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

b c/ L A=bd 
i 

Ad'Y/~ 
/-1-. f-f. 1-1-. t.;.. 'l t / 4-+. 

3.50-1"3.50 /37.50 0.00 q(o'l.<SO /) 5 /0)~3B.80 
:3.00 '25.00 0.00 75.00 3, cr06. '25 

4{3.00)(~ ] "5.00 47.00 4'20.00 '7./) ~75.00 
4x5.00 7.50 3"2.00 /50.00 703.,'1. 
1)(/30.00 ~.-50 (Pi. 00 cI/O.OO q";695.83 

40.00 3.00 70.~5 1'2.0.00 '10.00 
5x4.00 1.00 ~5.00 120.00 I. ~(o 
tz,)(/.OO 4-.00 q.-so 8.00 /O.~~ 
4-)(7.50 5.00 <a'2.00 150.00 311...'50 
4[4.00,,4J 7.00 '2.1.00 /1.6.00 5'2~.G,(O 

4 [4.00xt ] .3.00 '1.00 1'28.00 qra.oo 
15.00 3.50 Co7. 00 98.00 100.04 
'28.00 ':.50 I~.~O Cia.oo /00.04 

.3.50 57.00 40. 'Z oS 1 QQ.50 54,OI4.G3 

3;4-~7.00 1)rt;;Cf I) Ort;; 7./9 

CIRCULAR PA/~7S: 

A = 3.14)( v,d.OO;154.00 )( 7.00 = 1,-340.713 If. t 

A.2-53 

ALz 
/,'4 ~ 

0 
0 

9'Z7)780.cO 
153;.000.00 

4,084,'1'10.00 
5 ::n. /Z 07. '20 

84, -$00.00 
711.QO 

Si~)"OO.oo 

5~.48a.QO 
10; 3G:l8.00 

43'1/::'21..00 
17,5"0.50 

313/20'2.37 

i, 'lG:J 8, 1.40. 07 

I,. 1,3;~.78 x (c,S.OO'Z+54.00?) ..: C:J3~84'2.JE7./-r.4 

A:. 3;J.4- x 38 'Z s 1,/33. '5 4- It-. 2 

1 = /)/;~.54 x 38 t : /01..;301. CJ81r-.4 

2"11= 3,4-(.g7.00r/J340.78';'-1;/~3.54 = 5,'14/.B'2I'f..'Z 

2" I = I; ~q IJOC:J7.ICJ "I- 7/1.(;;8/'24-0.07 of- G:J:aI, 84'2.57"1- /0"-. ;0 I. 98 : 
• ~raq3)45/.81 :~.4 

SHEET NO. =.:: 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

A.2-S4 

b. eARiI-lQUAK.e IN e - W t:)1/(cC710N (N- 5 AX /S) = L. 10 /(. 7 1_ 0 1
/ TO cLIO a / 1_ 'Z /I . 

I I 
-

i:;, d L : 
I Pro j t-I-. P;'. . 
I '2)(/05."2S 1.00 (08. 'Z oS 

I 
I 
I 
I 
I 

1.4.00 /.00 ~7.'2~ 

14.00 G,.OO 17.50 
/4-.00 ~.OO 17.50 
SO.50 6.00 4Cf.50 
/5.00 1.00 0 
13 . ..)0 1.00 58.00 
/.00 13~.-SO 0 
/.00 13-5.~O 0 
5.60 1.£0.00 ~4.00 

5.00 1(0.00 ~4.00 

'2x '2.50 47.00 45.00 
'2.00 11.00 ral.oo 
1.00 57.50 1.'1.00 
1.00 cr.OO a,4.00 

1.x 1.50- 1.00 (;,7.1-5 
4-x/. -SO .9.00 54.00 
1..)(/.';0 '2.00 (07. '25 
4)(/.50 5.00 34.oa 
'lx /. 50 12.00 a,7.'Z5 
4x/.SO 3.00 34.00 

'2.00 4.00 I 60.00 
I 

'2x6.00 '2.00 I COCO.75 I 3.00 G,a,.7S 12.00 i 

CIRCULAR PART. 
! =- /09;cl'll.14 f;'.4 

- A:.bd ,.a dllll'!, ! 
-----, 

t.1L'Z I 

4! 'Z 17' 4- li4 ~. +1'. ~ 

'210.50 /7.54 '1 BO; '5 '?rz 
1.4.00 1..00 : 106) -541 i 

84.00 'l.5'Z.OO: 15 I 7'Z '5 
! 

84.00 'Z5'Z.OO : '25,7'!5 i , 
'Z-S tz. 5 0 5'2G.04 ; u/8/p~6 ! 

/5.00 1.1.5 ' 0: , 
/3.00 /.oe 43)73'2. ! 

/35.50 ~013/7.8'Z 0 I 
I 

/55.50 107,3/7.8'l. 0 
/4'3.00 8; 055.(.,' - I Co 5) 308 , 
/50.00 - ~'Z3 3" -i; "" . ~ I -SO/Z,50 : 
'2;5.00 43) '26'1.58 475)6;5 

'2'2.00 
, 

"Z 'Z. /. 83 (j/ ) 0(0" : 
57.50 /5,841..45 . 4- 8} 3-58 , 

q.OO GO.75 3(0) E>~4 : 
~.OO 1..00 I"J ~ 1;( - ; 

I 
'- 1)1 -':> . 

/8.00 11..00 : '20)~06 ; 
c,.oO I '21'"10 : 1.7) /35 

I 
.'-' : 

/8.00 /1. .00 i 1.0:~O6 
, , 

0.00 I '7.00 : 1- ',-,.;,' .~ 

/8.00 i !1.00 'ZQ;6Qb , 

8.00 I 10." 7 '2 6/~QO 
tz4.00 8.00 lOr. :-J~~ \OJ .-'~ 

(;'.00 1..00 '2' -3'" ....:;;. .., 
4'90)5/e.83 I 3)0(0 I) 17 5 : 

~ I =- I0-3~cl"Z.I.14 + 4'10, 5/3. 8~ .,.. 3)0<;'7,775.00 :: 3)G:>(O'2 10'1. q7 y.1f..4 

SHEET NO. 4~ 
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

EL /OOII_~JI 70 EL.q85/-~" 

Jo d 
I 

L 4=iocl 
: 

Aa/:./;.z -r 
;;., P+. PI-. /1/ 'Z ",'4 I r"'· t. I 

~x!:7.'50 1.00 Gt8.'Z5 '775.00 1.1.. Cf f 1 
'Z~.oo 1..00 ~G.75 -5'2.00 it .3~ I 
/0.00 CO.OO 17.50 GO.OO 180.00 I 
10.00 ~.OO /7.50 GO.OO /ao.aOi 
51.00 5.50 4Q.OO 'Zc5tz .00 7:0. 87 1 

1.4.00 1."0 44.50 38.40 6 . .' q ! 
I 

5.00 :5.00 ();7.50 /-0.00 1/ .15 i 
5.00 '2.00 5G.OO /0.00 :3.B 3 ; 

.50.75 1.00 tzc;,.SO :30.75 '2. 5~ i 
5.00 4.00 43.00 '20.uo 

I 

'2~.C,71 
4.00 'ZG.OO 54.00 104.00 : 5,858.G7 : 
1.00 ! ~.OO 4~.oO 

I 
~.oo ~ /6.00 : 

jq.OO: 0.50 ~7."50 9.50 o.,'q: 
4.00 i /.00 5G.OO 4.00 0.33 ; 
G.OO 

, 
2.00 :7.50 1'1..00 4.00. 

i 
'2.00 

: 
(0.00 : 9.00 j 41.00 18.00 

, <C.ao /.00 5/.50 cO.OO I 0.50, ; 

CO.OO J /.00 5Q.OO (0.00 0.50: 
: 

/G.oo I 0.50 13.50 8.00 0.1" ; 
I 

O.C:;7 : 8.00 I 1.00 G,7/l5 8.00 
8.00 i /·50 oSG.oo 112.00 12.15 i : 

8.00 
I 

i.50 45.00 11..00 1.'25 : I 

! 
54-.00 

, 
8.oC I /.50 112.00 : r/ noS "'.'-

I '24.00 I 4-.00 '2'2.00 90.00 1'28.00 ' 
/ . .:s 0 

I __ 
0 t20~.'Z5 i 3l097f:J.73 ; I /3;,.~0 . . 

0.50 4-/.00 4-7.50 1:0.50 I 'Z) e; 7/.70 ' 
I 

1.00 I 3.00 -58.50 -3.00 1. .25 , 
i.50 /1..(1)7 38·00 I q.OI I '254./Q 

i 

1.50 13S.50 I 0 '203.25 ; :;IO)q7~.73 . 
'2xG,.OO I '2G.OO 

I I 

B4-.00 =3 / '2.00 I /7)57~.OO i 

A.2-55 

A.:.'Z 
._\ 

' " - ... .,. .. 
-

i 
I : 

J)1.60,~ 
'Z ... . r: 

:> • : "" 
'8 -. .... . )-' 

--, :: : 

, .... -
i 0)": 

C:,770 
70.0 
"8, :3 
-, -.. ~ .... ) ... 
1. /; 5 
a ~,~ 

30-= 1/' -; "-

. / ' 

..:Jwr-; ,,, .'-

I c., '''a =? ,~ 

4-3/2 c..;.; 
/~:5 
! -- :::I. , IO.~ 

4-~: 
75~ 

3!; 7 
/ - Q 

I ~) , 

10.;3 
4;'::' 

:3(0) ;' -- ~ 

.~ 
/ . 
6~; 

I / .:L . 
/e..; ; 

~ I, V:; 

QO: ;Z 4-, g' 
.'::1 .. , -~..." 

-" ,,' 
T;..?;~ 

~e:,.:2 
4)4 

1.1) 4-

7'2 • 
&.;.. 
""'i ~I 

-:a I 
~. i 
';'71 

I 

-30: 
Q! 

0)9 125\ 

SHE£ T No.~.' 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR BUILDING 
SEISMIC ANALYSIS 

EL. /00/'- 'Z " TO EL 9d 5'· G" (CONTINUED ~ . 
0::: 

I I 
-. 

0 I d L A =ca 
I 

Ad~11 i 
! tl-. f';'. /1-. 1-1-. 'l 1'<1-1'. ._-----

! , 

I 

11.;< 1.50 G11.00 ~ 5' • 00 
! 

Z"i5.00 I /c.co 
83.3; I I 1.00 10.00 'Z<:f .00 10.00 

I '2.00 ~.oo 4Q.OO a,.00 4.50 
/.50 ~~.OO 57.50 35.00 I /);= 1.00 
3.00 4.00 4'5.50 1'2.00 1(g.OO 
1.00 11.00 3d.SO 1/.00 /I 0.91- I 
~.OO 14.00 :3 /.00 '28.00 4'57.33 
'l.50 41(.00 0 10-5.00 15J43£.OO 
'2.50 45.00 4-~.00 11'2.~0 

I 18;984.a7 
1.00 45.50 45.50 45.50 7;84'1.(41 
0.50 41(.00 0 

I 
rc. 1.00 -3.087.00 

1.00 /35.50 0 1 gS. 50 tzo7J 3/7.8'2 
/.00 q.oo a,4.00 q.OO (;,0.75 

1.x/.OO '2..00 Co<O. 7~ 4.00 /. ;3 
4)( 1.00 3.00 34.00 15.00 /1.'Z5 
/(x 3.00 3.00 4-4.'50 /8.00 13.S0 

/(.50 3.00 0 7.50 5. "1. 
'V5 0.;. I. SO 5.00 5ra.OO 120.00 41.~~ 
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J 0 H N A. B L U M E & ASS 0 C I ATE S, ENG I NEE R S 
612 HOWARD STREET· SAN FRANCISCO. CALIFORNIA 94105 • (415) 397-2525 

General Electric Company 
Atomic Power Equipment Department 
175 Curtner Avenue 
San Jose, California 95125 

ATTENTION: Mr. R. B. Gile 
MC-750 

December 27, 1967 

SUBJECT: Monticello Nuclear Generation Plant 
Earthquake Analysis of 
Drywell 

Gentlemen: 

Transmitted herein is the subject report based on information furnished by 
General Electric Company. 

JOHN A. 8LUIAE 
ROLANO L. SHARPE 
JOSEPH P. NICOLETTI 

CONALD M. TEIXEIRA 
JAMES M. KEITH 
eOWARQ J. KEITH 
LLOYO •. LEE 
RALPH T. YOKOYAMA 

This report summarizes the analytical procedures and results for the seismic 
analysis. of Monticello Drywel I for both empty and flooded conditions. 

Very tru I y yours, 

JOHN A. BLUME & ASSOCIATES, ENGINEERS 

z(p4~ 
E. 1. Keith 
Assistant Vice President 
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INTRODUCTION 

MONTICELLO NUCLEAR GENERATION PLANT 

EARTHQUAKE ANALYSIS OF DRYWELL 

The purpose of this report is to summarize the analytical procedures 

and results of seismic investigation of the Monticello Orywel I. Based 

on the design earthquake stated below, design envelopes of seismic-induced 

maximum absolute acceleration, relative displacement, moment and shear 

versus height of the drywel I have been developed and are presented herein. 

The design earthquake acting in the north-south and east-west directions 

has been considered for both empty and flooded conditions of the drywel I. 

DESIGN CRITERIA 

Earthquake design criteria are presented in detai I in Reference I. 

The design earthquake used in this analysis is the north 69° west component 

of Taft earthquake of 1952 normal ized to a maximum ground acceleration of 

0.06 gravity. 

DESCRIPTION OF DRYWELL 

The drywell is a bulb shaped steel shell of variable plate thickness. 

The spherical part has an inside radius of 32' .0" and is joined to the 

cyl indrical part of the drywel I by a knuckle of plate thickness 2.5 inches. 

The cyl indrical part consists of three cyl indrical shells 23'-8", 3' -D" & 

6'-3" long, having inside radii of 16'~", 13'-5-3/4", 13'-5-3/4", plate 

thickness of 0.635 inch, 1.5 and 1.25 inches respectively, joined by a 5' -3" 

high truncated cone of plate thickness 1.25 inches. The drywel I is em­

bedded in concrete at elevation 917' -11-3/16" and is laterally supported by 

the reactor bui Iding at elevation 992' -5-1/2". Location of personnel lock 

vent system and geometry of drywel I is shown in Appendix Sheet I. 

MATHEMATICAL MODEL OF DRYWELL 

The drywel I is ideal ized as a lumped mass system supported on elastic 

columns. The drywel I was mathematically model led as an eighteen mass 

system and is shown in Appendix Sheet 3. However, to take into consideration 

A.3-1 
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the interaction of the reactor building and drywel I during an earthquake 

occurrence, the drywel I model was coupled with the mathematical model of 

the reactor building (Reference 2) by an ine~tensible bar at elevation 

992'-5-1/2" representing the shear lug, and by another such bar at elevation 

917'-11-3/16" representing the embedment of drywell in the reactor bui Iding. 

This results in a twenty-six lumped mass coupled system which is shown in 

Appendix Sheet 2. 

CALCULATED DATA 

Calculated data used as input to the computer is given in Appendix 

Sheet 3. These calculations result from information or drawings suppl ied by 

General Electric (Reference 3). 

Properties of the elastic column were determined by cutting a hori­

zontal section between mass points and calculating the moment of inertia 

and effective shear area. The data presented in Reference 2 were suitably 

modified for use in this analysis. The mass of personnel lock and vent 

system was considered and appropriately lumped along with the drywel I mass. 

The fo I low i ng va lues were assigned as the elastic modul i: 

I • Concrete 3.0 x 6 inch 10 pounds per square 

2. Drywe II Steel 29.5 x 106 pounds per square inch 

3. Structura I Steel 30.0 x 106 pounds per square inch 

ANALYTICAL PROCEDURE - Periods and Mode Shapes 

The natural periods of vibration and mode shapes of the mathematical 

model are calculated by solving for the eigenvalues and eigenvectors of 

the n number of equations represented by Equation (I). 

2 
K~. - w. M~. = 0 -------------------------------------- (I) - I I - I 

where: 

K = Structure stiffness matrix 
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$. = Mode shape vector of the ith mode of vibration 
I 

$. = Mode shape matrix 
I 

= Natural c i rcu I ar frequency of the .th mode w. I 
I 

= I , 2, 3, .... , n 

n = Number of degrees of freedom of the mathematical model 

M = Mass matrix 

o = Null matrix 

ANALYTICAL PROCEDURE - Response 

The general ized displacement response of the structure, once periods 

and mode shapes have been determined, is given by Equation (2). 

Y.(+)+2W.A 
I I 

where: 

Y. (+) 
I 

2 + w. 
I 

Y. (+) 
I 

Ri = U (+) -------------(2) 
-"lZ:;-- 9 
M. 

I 

Y.(+) = General ized coordinate vector for the ith mode 
I 

Y.(+) = Generalized coordinate matrix 
I 

Y.(+) = General ized velocity matrix 
I 

Y.(+) = Generalized acceleration matrix 
I 

A. 
I 

* M. 
I 

= Damping value for the ithmode 

= Generalized mass matrix which is set equal to unity in 
eigenvalue solution 

T 
= 4> .. M .$. 

I - I 

Ri = Participation factor matrix 
; 

M. 
I 
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R. 
I 

T = cp. • M 
I 

.. 
U (+)= Ground motion g 

The generalized coordinate vector for the ith mode is given as: 

Yi (+) 

Where: 

dT 

R. 
I 

* M. 
I 

= 

= 

= 

= 

Ri 

* M. w. 
I I 

t 

jr' U (+)e-Aiwi(+-T)(Sin w.(+-T)dT) 
g I 

o 

Integration interval 

Participation factor for the ith mode 

. th Generalized mass for I mode 

The integral in the above expression, called the Duhamel Integral is 

numerically integrated. 

From the generalized coordinate matrix the time history of displace­

ment, V(+), is found from Equation (3). 

= cp .• Y.(+) 
I I ------------------------------------------(3) 

The solution for general ized acceleration response is identical to the 

above, except that Equation (2) is solved for acceleration, from which the 

relative acceleration-time history matrix is calculated. To this is added 

the ground acceleration, resulting in the absolute acceleration-time history. 

Once displacement and acceleration-time histories have been establ ished, 

the time histories of shears and moments are determined. These records are 

then enveloped to determine the maximum values which are then graphically 

presented in the report and are recommended for use by the designer. 

-4-
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ANALYTICAL PROCEDURE - Comouter Program 

The computer program used in this analysis was specially designed to 

solve the dynamic response of structures subjected to arbitrary ground 

motions. The effects of axial deformation and shear deformations are in­

cluded in the calculation of the stiffness matrix. Individual elements in 

the stiffness matrix are designated K .. and are stored in the computer such 
t IJ 

that the i~ value designates the row number and the jth value the column 

number. K .. is determined by applying a unit displacement at the j~ point 
IJ 

whi Ie restraining the other pOints against distortion, and finding the cor-

responding reaction at the ith point. 

The computer retains the response of each mass for each individual mode 

at each increment of time, and the total response for each increment of time 

is obtained by adding together the responses of each mass point for each mode 

at a particular instant of time. This results in an exact combination of 

mode participations without the necessity of using approximate methods such 

as the root-mean-square method. 

The increment of time referred to above is used in the step-by-step 

integration of Duhamel's Integral and is selected by the computer such that 

it is always smaller than one-tenth of the period of vibration of the mode 

for which the response is calculated. The computer takes into account al I 

peaks and valleys of the design ground motion. 

The general computer techniques used in this analysis are taken from 

References 4, 5,6, and 7. A simplified block diagram of the computer pro­

gram is shown in Diagram I. 
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MONTICELLO NUCLEAR GENERATION PLANT 

EARTHOUAKE ANALYSIS OF DRYWELL 

COMPUTER PROCESS DIAGRAM 

Geometry of Coupled System Read 

Member Moments of Inertia, Cross-Sectional Areas, 
Effective Shear Areas and Elastic Modul i Read 

Foundation Springs Stiffness Read 

Design Earthquake Read 

Coupled System Stiffness Matrix Generated 

Coupled System Mode Shapes and Frequencies Calculated 

Coupled System's General ized Coordinates Calculated 

Coupled System's Displacements, Accelerations, 
Moments and Shears Calculated 

CoupiedSystem1s Mode Shapes and Frequencies Printed 

Coupled System's Displacements, Accelerations, 
Moments and Shears Printed 

Force in Shear Lug Printed 

Drywel I Displacements Relative to Reactor Building 
Printed 

r 
I 

i 

! 
i 
~ 

-, 
! 

L 
( 
I 
I 

J 

( Start ~o, 

1 , 
Read Input 

Data 

I 

I 
J 

Determine 
Mode Shapes 
and Periods 
of Coupled 
System 

Determine 
Response 
of Coupled 
System 

Print Output 
Data 
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RESULTS 

The analysis was performed with the aid of an IBM 1130 digital computer. 

A damping value of three percent was assigned to al I modes of the coupled 

system. The influence of seventh and higher modes of vibration was con­

sidered negligible and, therefore, ignored in the coupled system's response 

calculations. 

Periods 

The fol lowing table summarizes the natural periods of vibration for the 

coupled system in the east-west and the north-south directions for both empty 

and flooded conditions of drywel I. 

Periods of Vibration in Seconds 

Mode of East-West Direction North-South Direction 
Vibration Drywell Empty Drywe II Flooded Drywell Empty Drywe II Flooded 

First 0.542 0.556 0.590 0.597 

Second 0.222 0.223 0.208 0.210 

Th i rd 0.185 0.187 0.180 0.181 

Fourth 0.052* 0.103* 0.053* 0.103* 

Fifth 0.045 0.052 0.041 0.053 

Sixth 0.039 0.045 0.040 0.045 

* Reflects fundamental period of the drywell 

Response 

The envelopes of maximum absolute accelerations, maximum shears, maximum 

moments and maximum displacements (relative to the base of the reactor bui Iding) 

induced by seismic loading in the east-west direction are presented in Appendix 

Sheets 4, 5, 6, and 7 respectively. 
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Similar results for seismic loading in the north-south direction are 

presented in Appendix Sheets 8 through I I. 

Maximum displacements of empty drywel I relative to the reactor bui Id­

ing for earthquake acting in north-south direction are presented in Appendix 

Sheet 12. 

Forces and Displacement at Shear Lug 

The fo I low i ng tab leg i ves the max i mum va I ue of force, in dryv/e I I shear 

lug at elevation 992'-S-t/2", induced during the excursions of the design 

earthquake. 

(Note: Maximum force includes effect of drywel I only) 

Case East-West Direction North-South Direction 

Drywell Empty 81 Kips III Kips 

Drywe II Flooded 90 Ki ps 138 Kips 

The maximum displacement of the empty drywel I at shear lug elevation 

relative to its embedment point at elevation 917'-11-3/16" is 33 mils. 

This does not include displacement due to rotation or translation of the base 

of the reactor building. 

Hydrodynamic Effect 

Based upon experience with other drywel I structures, the resulting 

effect of hydrodynamics is to reduce the total seismic forces. Because of 

this, the effects of the dynamic response of the fluid in the drywel I are 

conservatively neglected in this seismic analysis. 

RECOMMENDATIONS 

The subject drywel I should be designed on the basis of the results 

presented herein. The final design of the drywel I should be reviewed for 
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twice the design parameters presented herein. In addition to the horizontal 

acceleration presented herein, a vertical acceleration of 0.04 gravity 

acting simultaneously with the horizontal acceleration is recommended for 

design, and twice this value is recommended in evaluating the abil ity of the 

plant to safely shut down. 

Critical pieces of equipment which are not rigidly attached to the 

drywel I should not be designed on the basis of the results presented herein, 

but should be investigated separately to determine the effect of the inter­

action of the equipment and drywell. 
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MONTICELLO NUCLEAR GENERATION PLANT 

REACTOR PRESSURE VESSEL 

SEISMIC ANALYSIS 

INTRODUCTION 

 The purpose of this report is to summarize the results of the seismic investigation 

of the Monticello Nuclear Generation Plant Reactor Pressure Vessel.  Based on the 

recommended earthquake design criteria 1, design envelopes of maximum acceleration, 

displacement, moment and shear have been developed and are presented herein.  In 

addition, the response of the reactor pressure vessel to the jet load reactions has also 

been determined and is presented. 

 Some minor differences exist between the known RPV component weights as 

compared to those used in this analysis.  The differences result in a net decrease in 

weight that is a small percentage of overall system mass.  Therefore, Monticello 

recognizes this analysis as providing conservative results for the RPV seismic response. 

DESCRIPTION OF REACTOR PRESSURE VESSEL 

 The reactor pressure vessel consists of a 63' - 2" long cylindrical shell having an 

inside diameter of 17' - 1".   It is supported by concrete pedestal through steel skirt.  

Lateral support is provided by stabilizers between reactor pressure vessel and shield wall 

at El. 994' - 2".  A truss consisting of 16' - 10" XXS pipes between shield wall and reactor 

building laterally support the shield wall at El. 992' - 5½".  Geometric relation between 

reactor pressure vessel, shield wall, pedestal wall and reactor building is shown in 

Appendix A, Sheet 1. 

MATHEMATICAL MODEL OF REACTOR PRESSURE VESSEL 

 The entire Monticello reactor structure (i.e., building, drywell, pressure vessel and 

shield) was mathematically modeled as a 27 mass coupled system.  The system couples 

model described in previous report2 with the shield wall, reactor pressure vessel and 

pedestal wall.  The mathematical model is shown in Appendix A, Sheet 2. 

ANALYTICAL PROCEDURES   PERIODS AND MODE SHAPES 

 Subsequent to the formation of mass and stiffness matrices for the coupled 

system, the periods and mode shapes are calculated by solving for the eigenvalues and 

eigenvectors of Equation (1). 
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[K - wn
2 MJ ~n = ~ -----------------------------------------(1) 

Where ~ = Stiffness matrix of coupled system. 

th 
~ = Mode shape of the n mode. 

n 

th 
w = Natural circular frequency of the n mode. 

n 

M = Mass matrix. 

o = Nul I matrix. 

ANALYTICAL PROCEDURES - RESPONSE 

With mode shapes and frequencies calculated, the general ized coordi­

nate response can be calculated by solution of Equation (2). 

Y (t) + 2w A Y (t) + w 2 
Rn 

Y (t) = -* U (t) ------------(2) 
--L-n n n n n n 

M 
n 

Where Y (t) 
n 

A­
n 

R 
n· 

* M n 

th 
= Generalized coordinate vector for the n mode. 

R 
= --:..;.n."....._ 

* M w 
n n o 

S
t .• 

U Ct) e 
g 

-A w (t-t) n n sinw (t-t)dL' 
n 

th 
= Damping value for the n mode, selected as 0.03 for 

all modes. 

= Participation factor of the nth mode. 

= General ized mass of the nth mode. 

U (t) 
9 = Design earthquake. 

dL' = Integration interval, selected as 0.01 seconds; the 
Duhame I I ntegra lis numer i ca I I Y integrated. 

The general acceleration vector may be obtained from Equation (3). 

Yn(t) = D2 Yn(t) -----------------------------------------(3) 
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.. 
Where Y (t) 

n 
= Generalized acceleration vector for the nth mode. 

= Second order differentiating matrix. 

The acceleration time history of the ith point of the coupled system 

can be obtained with Equation (4) • 

.. 
u.(t) =~. Y (t) ----------------------------------------(4) I In n . 

Where U.(t) = Acceleration time history of the ith point of the 
I 

~--- coupled system. 

vet) 

Where vet) 

= Modal displacement of the ith point of the coupled 
system for the nth mode. 

= ~ Y (t) -----------------------------------------(5) n n ----
= Displacement time history of the coupled system 

considering n modes. 

The time history of inertia forces can then be determined with 

Equation (6). 

Qi!l = f vet) -----------~-------------------------------(6) 

Where Qi!l = Inertia force time history of coupled system. 

Once the displacement and inertia force time histories have been 

established, time histories for shears and moments are easily determined. 

These records are scanned for maximum values to be used by the designer. 

ANALYTICAL PROCEDURES - COMPUTER PROGRAMMING 

A.4-3 

The computer program used in this analysis was specially designed to 

solve the dynamic response of structures subject to arbitrary ground motions~,7,8 
Member input data for the program, except for foundation $prings and lateral 

supports of the reactor pressure vessel and shield, are in the form of moments 

of inertia, areas and effective shear areas. The effects of axial and shear 

deformations are included in the formation of the stiffness matrices. 

-3-
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The response of each mass for each mode considered at each increment 

of time is retained in the computations and total response for each incre­

ment of time is obtained through the algebraic sum of each mass point's 

modal contribution at that particular instant of time. This results in a 

precise combination of mode participations. 

The process logic of the computer aided solution is summarized in 

Di agram I. 

MONTICELLO REACTOR PRESSURE VESSEL 

SEISMIC ANALYSIS 

COMPUTER PROCESS DIAGRAM 

Geometry of Coupled System Read 

Member Moments of Inertia, Cross-Sectional Areas and 
Elastic Moduli Read 

Spring Constants Read 

Design Earthquake Read 

Jet Load Reactions Read 

Start 
.. 

Read Input 
Data 

,r 
Determine 
Mode Shapes 

A.4-4 

Coupled System Stiffness Matrix Generated } and Frequencies 
Coupled System Mode Shapes and Frequencies Calculated 

Coupled System's General ized Coordinates Calculated 

Coupled System's Displacements, Accelerations, 
Moments and Shears Calculated 

Coupled System's Mode Shapes and Frequencies Printed 

Coupled System's Displacements, Accelerations, 
Moments and Shears Printed 

Coupled System's Displacements, Moments, Shears due 
to Jet Load Reactions Printed 

DIAGRAM I 
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r"'-(. CALCULATED DATA 

Calculated data used as input to the computers is given in Appendix 8. 
2 Values of the foundation springs were taken from a previous report. 

The fol lowing assumptions were made in calculating the spring con­

stant between shield wal I and reactor bui Iding. 

( I ) Compared to the truss members, the ring which consists 

of the concrete reactor shield i s ve ry rig i d . 

(2) All end reactions are tangential to the supporting ring. 

(3) Young's modulus of elasticity is 4.32 x 106 K/Ft2• 

The remaining calculations result from information or drawings suppl ied 

by General Electric~,4 

RESULTS 

The results of the seismic analysis in the form of design moment, de­

sign shear, maximum absolute acceleration and relative displacement envelopes 

are presented in Appendix A, Sheets 3 through 6. 

Summary of spring forces is presented on Sheet 16. 

Displacements, shears and moments induced in the structure due to jet 

reaction at steam outlet and recirculation outlet are presented in Appendix A, 

Sheets 7, 8, 9 and 10, I I, 12, respect i ve I y. 

A.4-5 

Forces in truss members are presented in Appendix A, Sheets 13, 14 and 15. 

The previously described calculations were performed with the aid of an 

IBM 7094/1 I digital computer. The influence of 7th and higher modes of vibra­

tion were considered negl igible and, therefore, ignored in the coupled sys­

tem's response calculations. The first 6 natural periods of vibration for the 

coupled system are as below: 

First Mode ·0.535 Seconds Fourth Mode 0.102 Seconds 

Second Mode 0.215 Seconds Fifth Mode 0.065 Seconds 

Third Mode 0.140 Seconds Sixth Mode 0.048 Seconds 

A damping value of three percent was assigned to the coupled system. 

-5-
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RECOMMENDATIONS 

It is recommended that the subject structural elements be designed to 

resist the seismic shears and moments presented herein without the usual 

increase in stress for short term loadings. In addition, these elements 

should be reviewed to assure that they can resist twice the seismic shears 

and moments presented here without hindering the ability of the reactor 

plant to safely shut down. A vertical acceleration of 0.049 acting simul­

taneously with the horizontal accelerations included herein, is recommended 

for design. 
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JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR PRESSURE VESSEL 
SEtS/JIC ANALYSIS 
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r"", \. JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR PRESSURE VESSEL 
SEISMIC ANALYSIS 
SI-/IELD SUPPORT ANALYSIS 
TRUSS FORCES UNDER SEISMIC LOAD 

SPRING rORCE F = /O~./K 

CASE I ./' 

CASe 1I / 

A.4-22 

SHEET NO. 13 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

. MONTICELLO REACTOR PRESSURE VESSEL 
SE/S,WIC ANALYSIS 
SI-JIELO SUPPORT ANALYSIS (CONTO) 

A.4-23 
Rev 18 

TRUSS FORCES UNOER JET LOAf) (CASE I) 25tJ.OK@EL. 999!O") 

SPRING FORCE F = /98.7,1(. 

CASE I ./ 

The values shown on this sheet 
are based on a jet force of 256 kips 
at elevation 999'-0". The actua.1 jet 
force is 330 kips. The truss forces 
identified on this sheet shall be 
increased by a factor of 1 .29 
(330 kips/256 kips) for use in design. 

CASE' II ./ 

CD 
o 
C\I 
o o 

SHEET NO. 14-



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR PlfESSURE VESSEL 
SEISMIC ANALYSIS 
SHIELD SUPPORT ANALYSIS (CONT'D) 

A.4-24 

TRUSS FORCES UNDER JET LOAO(CASE ~ t,&,4/( @fL. 9&,/'_1/#) 

SPRING FORCE F = Iq/,GI< 

CASE I ,,/ 

CASE II ,,/ 

SHEET NO. /5 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR PRESSURE VESSEL 
SEISMIC ANALYSIS 
SPRING CONS7ANT 

CASE I (AR!!J/TRARY FORCe F ) 

,1. 7ANGENTIAL RE.A CTIONS 

o 

R = + 

o 

NATURE OF SYMMerRY ANt:) ANT/SYMMeTR.Y REt:JUCr: 
,HS StRUCiURE 70 STA7/CA'-'-Y t.:Je:/SRMINAi=. 

;= :: 41< 

R s ~ 

A.4-25 

SHEET NO. I~ 
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APPENDIX B 

(e'-" 
" 

CALCULATED DATA SHEETS 

JOHN A. BLUME & ASSOCIATES. ENGINEERS 
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MONTICELLO NUCLEAR GENERATION PLANT 

REACTOR PRESSURE VESSEL 

SEISMIC ANALYSIS 

LIST OF SHEETS 

Lumoed Weights 

Reactor Building and Drywe II 

Sh i e I d Wa II 

Reactor Pressure Vessel 

Pedestal Wall 

Member ProDerties 

Reactor Building and Drywell 

Sh i e I d Wa I I 

Reactor Pressure Vessel 

Pedestal Wall 

Modul i of Elasticity 

SDrina Constant 

Case I 

Case 2 

-9-

A.4-27 

Sheet 

2 

3 

4 

8 

9 

10 

II 

13 

14 

15 

16 

19 

JOHN A. BLUME Be ASSOCIATES. ENGINEERS 



A.4-28 

JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR PRESSURE VESSEL 
SEISMIC AJIALYSIS 
LUMPeD //Yc/GI-ITS 

LOCATION ~ 
ELEVATION WEIGf1T 

LOCATION .$. 
ELEVATION WEIGI-IT STAT/ON NO. STATION tlO 

t I 1073'-2" 73G, I< • /5 /012'-7" 1.9.4G I<. I 

,,\ -11 
'2 104-5'·8" 140 lVl ICD 1004"0" 171..78 (/11 

2": (1)1 
'I I 3 /027'-8" IZ7d~ lUI 17 99cf'.o'l I 24.8Cf Q. ::>: 
--J! _I 

W 
:::'1 

4- 100/ '- '2/' /3/49 ~ 18 988'-$' 3/GJ.'23 CQ; 
I ;:) 

~l 
(fl 

985' -cd' 
CIl 

0: 5 /7/36G UJ /Cf q 77'-0'/ 538.403 
f-: ~ vI 
<ti c, 9(;' 2'- (;," 19) 2 3 Z ~ 2Q 9(;,4/-/1" 324./1 llJl 
~! ~ I 

I 
7 935'-0" 22)840 v 21 9'c, / ' - / f" 237.94-i 

i ~ 

+ lUI 
q92'-5~" 

~, 
955-0~" c5 4?92 

! 

2'2 278./S 
~ I 

I 
9 99'O'-3~" 113./0 T 23 94-4'-/1" /42.9 I I -11 ~' I 

.J\ -J 

10 984-'-II~R 187.43 ~ 24- 94-2'· 2" 178.~ ~: I 
I , 

..J I 
I 

II 975'-/l~" ?8/.5Cf i:! '25 I 93c;,'-0" /ez.Cf 
Q. (f) 
~l lO 
Qjl 1'2 9(;~'-/1~" 1.70.4-0 2 ?~ 933'-C," 3/4.3 

~I 'L 
/3 959'-3/1 '202 . .3::; 27 Cf 28'- (;'" '2~9. 5 

14- 95/'-cJ' 454.GG 

SHEET NO. I 
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JOH~J A. eL1J~E AND ASSOCIATES, ENGINEERS 

,'vfONTIC.ELLO REACTOR PRESSURE VESSEL 
S£/Si~/C A,YALYS/S 
LUi1APeD J'i1t:./Gh'TS 

I. I2EAC 70/2.. BUILDING l/. DR'(JAlELL 

W IE. I G 1-1 T I ~ C '-. /0 73 '- '2 II 

WE.iGHT '2 @ :L. /046'-8" 

NEIGH T .9 @ e£... 10'27'. 8 11 

WS,IGi-/ T 4- @ €L. 100/'- 2" 

LeSS 3 12.P' V, /AlA 7IEa. 4- FUc L 

lA/EIGHT 5 @ EL. 985'-G" 
L. e S S '3 /2 . I~ ~ /IVA T r= f2. 4- F U e L 

W € I Gh' T G @ EeL. '7 G 2' - Gil 

LeSS ~. /2. P. \I, ~/ATc.12. :j. rUE L 

1.4/1= .: G !-l ~ -I (Q) ~ I Q • ::... / - 0 II 1'"';-.-, 'II -~'--. , ...... ....." 

LC:S5 CO,YT/2.0L R..or.:; C/~'/'IC E.Q(J!/=///f:.Nr 
! .-= ~ -=- ,-:: ;'1 ~.'/ J;' . .0."'\ J V r-:~J' ) '~';'1 ~ ..-f .., ~ ~ ~ .., /:: ~ I ~ ""- __ "_ ·...,~I ... .-..;.."\'_ I ....... ~. _ .... of ". '- __ .{ -<-'.1 -' "..." 

'* = W!:.IGI-IT AS PEf2 f2..ErE!2.ENCE. No. '2 

/3,74-9i< 

- ~oo 

I 3; 14- 9 i< 

/8)58<;; I< 

1.200 
17.)3 (3 G I<. 

20.4-:3 2 K 

I~ 200 
/9, 2.' 3 :2 I< 

:,..., I : _ t 

68?./ 

SHEET NO. e 

• 

• 



A.4-30 
JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR PRESSURE VESSEL 
SEISMIC ANALYSIS 
LUMFE.O WeIGHTS (CONT'O.) 

II S/-IIE.LO WALL 

We./GlwI T B ~ el.... Q93'- 7" 
CONCI2E.TE 
STEEl... (/'2. - 'Zi~ 177) 
STEel... (1:,..".Ae) 

WeIGHT 9 @ ilL. 990'-3~1I 
COHC!2.e.TS 
STCEE(.. ( I'Z -?7;.v= I i 7) 
STEEL (f4-" Ie ) 

WSIGHT 10 e IEL. 984!-1/~" 
CONCt2ETE 
STEEL. (/2 - 27W! li7) 
S7E.!!E L (4-" Ie) 

WEIGHT 1/ @ EL. q75'-II~" 
CONC12..E TIE: 
S i Eo e I.- (/2" 27 JAr / i 7 ) 
S TEE L (11./1 It:.) 
STE.EL (/~II te ) 
WeiGHT 1'2 @ cL. 9GC:J-I/~/ 
CONC12tTe. 
STeEL (/'l.-27~/'7) 
STEEl.- (ft.', te ) 
STeEL (/~II ~ ) 

WeIGHT 1.3 @ ct... 959'-3 11 

CONC12.e. TE 
STEEL. (/"2-'27"/77) 
S TEe. l... ( 1:;." Ie ) 

We.IGHT /4- @ EL.95/'-(;/ 
CQNC!2cTE 
STEeL. (1'2-'27x.e:1?7) 
STEEL (11-" #! ) 
!SEAM !2.€~C T ION 

37.54 I< 

3·48 
1.90 

4-2.92.1(. 

98.901< 
9·/8 
5.02 

/13.IO~ 

1v..3.9114 
15. '2/ 
8.~1 

187. Cl-3 K. 

'20a,.04.1' 
19./2 
10.45 
4-5. c;S 

181.5 Cf J<. 

/9/.381t. 
17.7G 
9.7/ 
5/.55 

'270. 40 " 

I 7~.9C:O'<' 
/G.4-2 
8.97 

10'2 . .3 5 AI::. 

I!J 7.71. " 
17.4-2 
9.5'2 

24-0.00 
4-54-.~~" 

SHEET NO.3 



A.4-31 

JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR PR£SSU/:t£ VESSEL 
SEISMIC ANALYSIS 
LU·M pe D ;VEIGH TS 
III .QEACTOR PRESStJ!2..E VESSEL 

WE IG 1-17 /5 @ E.L. IO/'lI. 7" 

TOP HEAD FLATE.S 
NOZZ I.. E. N - G 
NOZZLe. N-7 

WeIGHT Ie; @ e.L. /004-'-0" 

TOP /-leAD PLATE S 
TO;C HEAt::) FLANGE. 
SHELL PLATES 
SHELL FLANGe. 
STUOS 
NUTS 
WASH€.{2.S 
GUIDE. a.o/:;:;s 
2 ST~/~M D;2YEI2. (='ANELS 
~ HOUSING 

= ~8 . .3 G J<. 

= 0.87 
= O. '23· 
2q.4-G~ 

= I Z. 94- J< 

= 57 . .3 I 
= 4.0~ 
= 47.59 
= 17.80 
= /2./lo 
- 1.09 
= 0./0 
= 7.81 
= //.92 

/72.78 J( 

SHEET NO.4 



A.4-32 

(~"\, JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

• MONTICELLO REACTOR PRESSURE VESSEL 
SEISMIC ANALYSIS 
LUMPeD WEIGI-ITS (CONT'O.) 
!2..EACTO!2. PRESSURE VeSSEL 

NeIG!'; T 17 @ eL, 99q'- 011 

SHeLL ;=t...ATES 
NOZZLe.S N-,3 
NOZZL€.S N-/I 
~ STeAM on.. yea PANELS 
SUFl:JOr.J.. T !2.ING 
GUIOe. 120.05 
'2 HOUSING 

JAlelGI-I T /8 @ EL. 988'-3" 
SHELL PI.-ATES 
NOZZL8.S N-4-
NOZ Z.L e.s N- 5 
NOZZL ES N-9 
NozzL€s ,'I -12 
WA T E!2.. SEA L. S /( /12. T 
GUIOE R.OOS 
HOLD QOWN tSOLTS 
LI!=T 12.00S 
STE4M SEPAaA 70/.2S 
BOLT I2.INGS 
STANO PIPe. 'S 
~ SH;-2.0ut:J H/::;. COME 
~ SH12.01..J1.J /-10. !=LANGE 
FLUID we.IGHT 
I=LUIr.:J A!20UNO t='E.I2.IPHE!2Y 

- 90.28 k 

- IO.G9 
= Q.4-G 
- 7.8/ 
= 3.?3 
= 0,50 
- 11.92 

/ 24. 89 I< 

= /2G. II J< 

= <0.82 
- 3.71 
- 0.5'2 
= 0.4(;, 
== 4.72 
= 0.50 
= /5.1'2 
= /.40 
:: 38.05 
::: 4.0/ 
= 14.10 
- 4. '22 
= 2.42 
= 87.'21 
= G.8G 

3 Ie;,. '23, x. 

SHEET NO.5 



A.4-33 

JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

,tWO,VTIC£LLO REACTOR PRESSURE VESSEL 
S£ISrnIC ANALYSIS 
LUMPeD WEIGl., TS (CONT'O. ') 
REACTOR ?aeSSUQE VESSEL 
WeIGHT /9 @ E.L.977'-0# 
SHE.LL PL.ATES 
~ SH!2.01.J.O HD. DOMe 
~ 9Haouo HO.~LANGE 
SHROUO· 
t.Jt=psa. CO!.2.E G1210 
CO/2..c. S,P.t2AY SFARGc..Q.S .¢ NOZZLE.S 
~ !=Ue.L SUPF012T CASTINGS 
~ FUEL ASSEMBLIES 
CONT/2.0L f2.00S FI.J{"I.- IN 
TE..MPORAI2.Y CONT12.0t.. Ct.JI2-TAINS 
/HCOI2.e. ,..j SS€MB~/SS 
SLEEves 
FLUID WeiGHT 
FLUID A12.0UNO FE.!2.IPHE!2..Y 

We./GAlT 20 @ f..L.9G4'-II" 
S/~ e t..L ,101...4 TE S 
NOZZ L E.S N- 1. 
51-1 f2.0UO 
FUEL. su/c P012.T CASTING 
!= U Eo LAS SE.A1l3 LIE S 
COt-ITf.2.0L 12.009 (r=Ut...L It,,) 
Tf..MPO/2.,4/2.Y CONT12.0L CU12.7AIHS 
IN - COI2.E ASSEMBLIes 
SLEeVES 
;=LUI/~ WEIGHT 
FLUID Al2.0UNO toE./2.../PI-IE.f2..Y' 

=133.75 it­

= 4-.2'2 
:: '2.4'2 
= .32.01 
= 10.19 
= /.34-
= 1.82 
= 2.24.38 
= 2/. Z3 
= 4.37 
= 3.37 
= S.G7 
= 54.7~ 
= . .38./ 0 
558.43 .1(. 

;: 8(0. 4C, K 

= '2.5.4-1 
= 2/.39 
- 1.82 

= /08.i 3 
= 10.23 
= 2. / I 
- /.Ct:13 
= 2.73 
= ~9.57 
= '24-.(;, 3 

324.// " 

SHEET NO. G 
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• 



~ 

\ ( •. \ 

A.4-34 

JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACrOR Pff£SSUR£ VESSEL 
·S£ISMIC ArJALYSIS 
LUMPED 'we.IGHTS (CONTIO.) 
QE.ACTO/2. Pt2.ESSUR..E VeSSEL 

We.I G 1-1 T 2 / @ Eo L. 9G / 1_ II" 

SI-Ic LL t=LA T E 9 = G'2.09 J<. 

NO Z Z L E. N -I = 18.43 
NOZZLE. N-8 = 0.91 
S/-/l20UO = 14.18 
COI2.E PLA T E. A 9SEM~LIES . = 15 .'2Cf 
JET PUMP ~9ScMBLJES = '20.00 
~ GUIDE TU8E S = IG.Cf4 
~ CONT120L /2.00 0121VE9 ri THE!2MAL SLEEves = 33.7G 
FLU/O WEIGI-IT = 40.01 
FLUIO A!2.0I.JNO PEI2IPI-IE!2..'( = 1C,.33 

WEI G 1-1 T '2. 'Z @ So L. 955' - 0 ~ ... 
BOTTOM I-IEAO -/04.75/'-
51<1f2.. T I<NLJC/t..t..E. = 16, /0 
51-112.0UO = 12.84-
~ CON7120L !2.00 j~/2IVES i ifle!2.MAL SLEEVES : .3~. 7G 
~ GUIOE Tuess - 16.~4-
NOZZLE. N-/O = 0.13 
IN TEflNA L SH !2.0U 0 Suppor.;. T - 8.~S 
SKIn. T ~XTe.NS/ON WEIC;h'T = 24-.GO 
FI.-UtO W~/GI-IT - 5C;.3= 
!=LU I 0 ~12.0UNQ fOe.!2.IPHIE!2.Y = / .a,3 

'278./5~ 

SHEET NO.7 



A.4.35 

JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR PRESSURE VESSEL 
SEISMIC ANALYSIS 
LUM FED JAI€./GHTS (CONT'O.) 
Jl PEOESTAL W~LL 

WEE.IGI-IT ?3 @ II:.L.944'-II" 
CONC12€ TE O. 785(25.1G7'l-/7.IG7 ~)(? 'Zs + 2~5) ><0,/5 

-tIs x 2(3,75+3.25 )4 x O./5 = /3'2.9 "-
O.785(li,.375'l-/7./~72)(2,t5 + '2; s))(O.49 = /0,0 5TlE.EL 

WS/GI-IT 24- @ EL.94-2'- '2" 
14-2.9/<. 

CONCRET£. ().785(25,/G,72_/7./G7Z)(2.~5 + C.~a,7)x.O./5 
- '2175 Jf 2(3.7ST3.'25)4xO.J5 = IGG. '2" 

0,78 S (/7, B 75'2 -/7./ ~ 7 ~ )( 2.;5 .,. G.~GrJ7 )XO,4-<=f = I '2 . ~ STEEL 

WEIGHT e5 @ EL.93G'-O" 
178.5" 

CONCf2.cTE. 0.785('25.1(;7 '2-17. /~ 7 ')( G.~G7 'I- 2is ))(0.15 
- zi5 .x '2.5 .If 4.0 xO./5 = 170.9 ~ 

STSEL.. O.?85(17.375'2-/7./(;'72)(~~(o7+ '2.7,S)X.O.49 2 12.0 

WeIGHT '2(0 eEL. 933'·(0" 
CONCRETe O.785(25'/~72 -I 7,/(Q 72.)( ~s + S~O)X.O./5 

- '2.5X( '2:zS.,. S~O) 4,0 '1<0./5 

DEAD LOAO ON ~EAMS 
S T S EL 0.785 (/7.375 2-17./G7 2 )( 225 -+ 51.0 ))(0.4-9 

Wlf:.IGHT 27 @ EL. 9Z8'-GJ" 
CONeRE iE 0.785 (?5.1G7 2-17./G7 2 )( 5iO +-t)XO./5 

-~.5 ></.5 x4.0)(0./5 
- .3.0 J< 3.0 :K 4-.0 )('0. /5 

STEEL 0.785(17.375 2./7.1<;,7 2)( 52° + ~~ xO.4-9 

IB'Z·9 U
" 

= 14-3. Cf k... 

= Ie;, 0.0 

= 10.4-
3/4 . .3 1'-

= 'lSI. s" 
= /8.0 

2(;9. 5 It.. 

SHEET NO.8 
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JOHN A. BLUME A!JD ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR PRESSURE VESSEL 
= 

SEISMIC A,VALYSIS 

MEiY18ER PROPE.RTIES 

I STATION NO. A I 
(f+.t) (;:;.4)! STA7/0N NO. 

I 

'2 

3 

4 

7 

8 

q 

/0 

1/ 

11. 

13 

14. 
~.31 

C,.70 

K,: 3'Z5,7tz3 K/Fr. 
K.. tz = 4tJp 00 I</Ff. 
K..;=- 10Ks: :;,1.err::r,"!34/'36'ZK/Ff. RAD 
K.+ = 1(3 g 1.54- 9 K/f!'f. 

/5 

to 

1.1 

'24 

1.7 

A 
(Ff.'Z) 

10. "" 

1.3.512 

5.a,4 

3/7.1GJ 

'2"/. ,,~ 

3 / 7.1.~ 
I 
I 

I B07.'Z(j,! 

I 
307.1(., 

307.'Z~ 

A.4-36 

1.99.1Z 

'210.0 

173121. 

1099/. 

173'2/. 

/G/9Ct>. 

SHEET NO. CJ 



JOHN A. BLUME AND ASSOCIATES, ENGINEERS 

MONTICELLO REACTOR PlfESSUR£ VESSEL 
SEISMIC ANALYSIS 

CROSS SEC710NAL AReA ¥ MOMeNT Of INeRTIA 
I ReA eToR ~Ult..i.)/NG 1t 

STATION 
NO. 

I 

tSRACEf:) 
AReA 

I, 
(Fr. ~) 

-

-

-~ 

d 

4 

5 

-'2J '25" 

d J Bc;,5 

'2)6.35 

tz) 7134 

5.J~41 

I J !O-5) 7'10 

G 

7 

5)140,IZ04 

4.)4(;0,485 

K. 3 = 1 Jo K s ~ 3./Z Cf ~ '7 S 4) .; !; 11 K - ,::'1'-;/ RA D 

K+ = ~S8/J 5+q $IFf. 

*' AS peR REpc./<:NCe NO. '2 

A.4-37 

SHEET NO. /0 
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Atomic Power Equipment Department 
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ATTENTION: Mr. R. B; Gile 
MC-750 

~ovember 22, 1968 

SUBJECT Monticello Nuclear Generation Plant - Unit 1 
Control Room Earthquake Analysis 

Gentlemen: 

Transmitted herewith is the subject report based on the information fur­
nished us by Bechtel Corporation, General Electric Company, and as li3ted 
in the References. 

The analysis consists of an investigation of the coupled flexural Jynamic 
response and the rocking dynamic response of the subject building. The re­
sults of the analysis are presented in this report, and are baseJ on the 
building drawings listed in the References. These drawings should hI' re­
viewed to determine if any substantial changes in the building's ~tructural 
properties have been made to warrant a further earthquake analysl~. 

Very truly yours, 

JOHN A. BLU~IE & ASSOCIATES, ENGINEERS 

"' O( 
~ . ft/ri~r~ 
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MONTICELLO NUCLEAR GENERATION PLANT-UNIT I 

CONTROL ROOM 

EARTHQUAKE ANALYSIS 

INTRODUCTION 

A.S-l 

The purpose of this report is to summarize the results of the seis­

mic investigation of the Monticello Nuclear Generation Plant Control 

Room. Based upon the recommended earthquake design criteria estab­

lished for the Plant, design envelopes of maximum acceleration, dis­

placement, shear and overturning moment versus height of the bui ld­

ing have been developed for both directions and are herein presented. 

DESIGN CRITERIA 

Based upon data developed by John A. Blume & Associates, Engineers 

(Reference 2) , the design earthquake used in this analysis is the 

North 69° West component of the July 1952 Taft earthquake, normal-

i zed to· a maximum ground acceleration of 0.06 gravity. 

BUILDING DESCRIPTION 

The control room is a separate, multistory structure located on the 

south side of the turbine building and adjacent to the east side of 

the reactor building. Both concrete block and. reinforced concrete 

are used in wall construction throu·ghout the.s.tructure. The rein­

forced concrete walls resist both vertical and lateral loads. Walls 

of concrete block resist lateral loading, and resistance to vertical 

loading in these areas is provided by use of steel columns and framing. 

METHOD OF ANALYSIS 

For the dynamic response analysis, the equivalent mass system shown 

on Sheet No. I was selected to approximate the building. Masses 

were lumped at the floor levels indicated, and each represents the 

mass of concrete and steel at these floor levels and the tributary 

mass of the concrete and steel between them. 

JOHN A. BLUME Be ASSOCIATES. ENGINEERS 



The average area and moment of inertia of the concrete and concrete 

block walls between floors were used to determine the stiffness char-

acteristics. 

References 7. 10. and 11 present the data associated with the gran­

ular material which supports the reactor building. These values 

are as follows: 

E = 78,500 pounds per square inch. dyn 

G = 29,500 pounds per square inch. 

lJ = 0.33 (dimensionless). 

p = 135 pounds per cubic foot. 

Using these given field determined values the following rotational 

and lateral foundation spring supports were determined using Equa­

tion (212) from Reference 3 and Equation (1-4-5) from Reference 9: 

For earthquake in N-S direction: 

K = 285,000,000 kip - feet per radian. rot 

For earthquake in E-W direction: 

K = 165,000,000 kip - feet per radian. rot 
For earthquake in N-S & E-W directions 

KG = 628,000 kips per foot 

The natural periods and mode shapes and the dynamic response of the 

equivalent lumped mass system were determined with the aid of an IBM 

1130 digital computer. The first three modes were considered, with 

the damping value assigned as 5 percent for each mode. 

ANALYTICAL PROCEDURE 

Periods and Mode Shapes 

The natural periods of vibration and mode shapes of the mathematical 

- 2 -
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model are given by Equation (1). 

(I) 

where: 

K = Stiffness matrix (see Remarks on the Computer Program) 

W Natura I ci rcu I ar th = frequency for the n-- mode n 

M = Mass matrix 

Mode shape matrix th 
~ = for the n-- mode -n 

0 = Zero matrix 

By use of a computer program the W value and the ~ matrix for the 
n -n 

~ mode are obtained. 

Generalized Acceleration and Displacement Response 

The generalized displacement response of the structure, once the 

period and mode shapes have been determined, is given by the follow­

ing equation: 

Y (t) + 2W A Y (t) + W2 Y (t) 
n n n n n n ---

= R M -I 0 (t) 
n n ~ --------- (2) 

where: 

Y (t) 
n = Generalized displacement response for the nth mode 

M n 

.. u (.r) 
g 

e n n In -A W (t-T) S· [w 

th = Generalized mass for the n--mode 

= ~T • M • ~ 
-n -n 

U (t) = Earthquake ground acceleration 
g 

- 3 -

n (t-T)] dT -- (3) 
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A 
n 

= Damping for the nth mode - taken as 5 percent for 
a II modes 

d. = Integration interval used in the step-by-step solu­
tion of the Duhamel Integral 

From the Generalized displacement response the time-history of dis­

placements is found according to Equation (4). 

vet) = !I(t) ---------------------------------------- (4) 

where: 

= ~ J m = ""1Tl ' 
Number of modes considered 

yet) = 

vet) = Displacement - time-history matrix 

The solution for generalized acceleration response is identical to 

the above, except that Equation (2) is solved for acceleration, from 

which the relative acceleration - time-history matrix is calculated. 

To this is added the ground acceleration, resulting in the absolute 

acceleration - time-history. 

Once displacement and acceleration - time-histories have been estab­

lished, the time-histories of shears and moments are determined. These 

records are then enveloped to determine the maximum values which are 

then graphically presented in the report and used by the designer. 

Remarks on the Computer Program 

1) The computer program used in this analysis was specially 

designed to solve the dynamic response of structures subjected to 
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~, ttt arbitrary ground motions. Since the program was written to cover 

as many structural configurations as possible, the structural mem­

ber input data for the program, except for the foundation spring, 

is in the form of member moments of inertia, areas, and effective 

shear areas. The effects of axial deformations and shear deforma­

tions are included in the calculation of the stiffness matrix. 

2) The computer retains the response of each mass for each 

individual mode at each increment of time, and the total response 

for each increment of time is obtained by adding together the re­

sponses of each mass point for each mode at a particular instant of 

time. This results in an exact combination of mode participation 

without the necessity of·using approximate methods such as the root­

mean-square method. 

3) Individual elements in the stiffness matrix are designated 

K •. and are stored in the computer such that the i value designates 
I J 

the row number and the j value the column number. K .. is determined 
h I J 

by applying a unit displacement at the jl- point while restraining 

the.other points against displacement, and finding the correspond­

ing reaction at the i~ point. In this manner the foundation spring 

is included in the stiffness matrix. This procedure couples the 

foundation spring and elastic springs of the structural system. 

4) The general computer techniques used in this analysis are 

taken from References 5, 6, and 8. However, the referenced tech­

niques have been extensively modified and expanded by John A. Blume 

& Associates, Engineers to increase their versatility and capability. 

A simplified block diagram of the computer program is shown on Plate 

A, and the input and output are indicated in Tables A and B respec­

tively. 

- 5 -
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( START 

/ READ INPUT DATA I 

FORMULATE EIGENVALUE PROBLEM 
AND SOLVE FOR FIRST THREE 

NATURAL MODE SHAPES AND 
PERIODS 

CALCULATE TIME HISTORIES 
OF ACCELERATION, DISPLACEMENTS, 

SHEARS AND MOMENTS 

/ OUTPUT RESULTS .~ 

( STOP 

PLATE A 
FLOW DIAGRAM OF COMPUTER PROGRAM 
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TABLE A 

INPUT DATA 

l. Geometry of Model 
a) Vertical distances between mass points 
b) Mass point identification 

ie: Mass 1 

Mass 2 
Etc. 

2. Section and Foundation Properties 
a) Moments of inertia of columns 
b) Areas of columns 
c) Shear areas of columns 

(it d) Foundation spring constants, Kg' Ks 

3. Weights and Masses 
a) Weight of each mass point 
b) Mass of each mass point 

4. Input Earthquake Data 
a) Input earthquake - time in seconds and acceleration in 

gravi ty uni ts. 
b) Time length of earthquake record used - 10.0 seconds. 
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TABLE B 

OUTPUT RESULTS 

1. Maximum displacement of each mass point. 

2. Maximum absolute accelerations of each mass point. 

3. Maximum shears at each mass point. 

4. Maximum overturning moments at each mass point. 

5. Period of vibration of each mode calculated. 

A.S-8 
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DISCUSSION OF RESULTS 

Absolute Acceleration 

The curves shown on Sheets 2 and 6 give an envelope of the maximum 

absolute accelerations with respect to height. These curves can 

be used for the seismic design of equipment elements rigidly at­

tached to the subject building, but the moment, shear, and displace­

ment curves presented should be used in the design of the building. 

Shears, Moments, and Displacements 

The maximum envelopes of building design shears, moments, and dis­

placements are presented graphically on Sheets 3, 4, 5, 7, 8, and 

9. The displacement values plotted are relative to the base. These 

curves should be used in the seismic design of the bui lding. 

Periods of Vibration 

Dlrectlon of Flrst Mode Second Mode ~hlrd Moae 
Earthauake (Seconds) (Seconds) Seconds) 

North-South 0.21 0.085 0.026 

East-West 0.244 0.090 0.031 

RecolTlTlendations 

It is recommended that the subject structure be designed to resist 

the seismic shears and moments presented herein without the usual 

increase in stress for short term loadings. In addition, the struc­

ture should be reviewed to assure that it can resist twice· the seis­

mic shears and moments presented herein without hindering the abil­

ity of the plant to safely shut down. In addition to the horizontal 

accelerations, a vertical building (and equipment) acceleration of 

0.04 gravity, acting simultaneously with the horizontal accelerations 

is recommended for design. 

- 6 -
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+o.O~6)( 5.94-xl/ll.!~ 1- O.O'Zx~.I' x(~r;,/1'S+5~) 
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y~ C0<..5.8eLOW: ~./t!J)( (.039xG+.045 x3r.05~xG1) 

VI/EIGHT ? ~ e(.. CIa, 51-0~ 

CO/VClZeTe ~A,.e: 0.15 )( ~ K 47.5 x 48.4 
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f I )( 1'3. I -I- O.!J 33 )( 4 '1. S .,. O. 8 S g X II. 75) .,. O. /5 (1.5 
x 4d.G. x d.,. 0.7S )( 4Q.IJ)(7 ';'/.5 x ~x 5.5+1 x 7 
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x ,!G.~ + , J( 47. 5 + I.GI'l5)t 4'.'5) J( ~ +(I)t ~5./31' 3)( 14./7 
"'0.~3:,! .l(4C9,;Z +1 x (;'4,5)xS.5 rO.&~~)(-S5x41-1x.15.J 

4/,51t:. 

)( 13 r 1 x /1.75 )1./1.5 r 0.833)( 17)( 1.~~5J + o.o~ 
)( (3".~-5" I( i'" 'Zo.~)(~) '" O.O~~)( (Q4. -38 x" 
+ '5(4)( 4 ./7) 

ft INTEtf!./a~ WAL'-S ~e£.OW: O./~)( / x 177. '5 x =+0.15 
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.,. /.5 x 5o.aa x 4.~S + I.'S x /0 x /0;< ~) 

V~ EXTEIf!./O/2 WALL.S A~OVc ~ !!e(.ow.O O.15x 5.Sx(lx Q9.G 
r O.a 33 x/oO./arl.5x 47. ~a+I.GI'25 xc;G.~+-'lxf x5.~ 

. +~x.'S.I) 

1t 'NTe~/O~ WAL.LS A~OVc : 

V~ CONC.It.ETc CO£.S.A~OVE: O./5;<l2x/x5.5x-3 

eAltTJ.I PIl..L: 4!> x47.~S)( 4.!J)( 0.13 5 
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I e-.. • I. G'l~~50.5 )f+ 8x I x, x ('?4. 75)t +~x '2x'Z x (14. ,,~y 

+ I. ,(5,&50. ir/,. ex',,' )( ('24.75) t + 8x'?)( 't)( ('t4.-sf 

= 7d~ ~a ~. 4 Fi ~ 

i · £ (I. r;, '!S x -5'0.-5 of- /. '15 x SQ.5 + O. B 35 >< II. 7'5) 

+ ~ (~)( fG )( ~)( 4) 

= 14/.7 ;:r1. 

EQ IN e-W DIR. 

IN-s " e (;;;. 3)f 'I- 8)( I.G'Z5 " I. ';''loS" ('?~. 9) ~ 'I- 8" I. 'Z 5 

( ) 1 '(5~_3i xl.'!5)( '25.0 + I +8xl.~'ZSxl."?5 

x (~3.'1)t -+- d x 1.~5></.'ZSx.('Z5.0)'Z 

~ 7/~ 574.5 p,4-

A ~ i- (t x 50.3 + / x 50. 3 + 1)( 19) 
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I e.w • I. G'2;,JSO. s) f + d" 'Z" e iC ('Z4-. 7S i r 6" Ix I x (e4.75) 2 

1(5"O.S)~ ;;)'Z (£')Z -tIt "'S,J(I'lJ(~xr..:24.75 +8x/x/)( 'e4.7;) 

c 7~OSO.= 1=74 

i · t (1.'-'25 )( 50.6 +- 1)( 50.5 -I- 0.839 >< vz) 

+ ~ (dx/C# 'I(~ x 4) 
::. /33.0 rTf 

cQ IN e-w 011<. 

~ 'l(;f' 3)'1+ dx I.Ges x 1.G.'?5x('Z~. q/+ 8" Ix I x(e5 y 

+ I S~O.3)! ra x 1.f4'ZS 1< I.GICS x (~~.q)'Z of-~ x. Ix I x (~S) 'Z 

= G';I '14Cf. 5 rT4 
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eQ IN N-S DIR. 

I.G'lS('~.S)j ~ ~~t r. ~)t Ig.'f!V = ;it +~)(1.5)(1.5J(\ae5.J +8)(1./7xl.l7x\3~.;;; 

-A 

1./7x(a,a,.5)' /i .\t ~ ()'1 + lIZ. ~~xl.5)(1.'S)(\~'Z.5.) +~)(/.J7xl./7x 3",'3 

• /10) r;,4a. 0 FTtI-

s ~ (j.G:tf.5:K G(;'.S 1-1./7 Ie C,fII. IS.;-I x 17.;. 0.0,7 K Ie;, +- / )( ?9 + Ix /tj) 

:: tz /7.15 Pi f 

EQ IN E .. W O/~. 
~ 

IN-s • 1.5,<:0. ~) + ~ x 1#/7)( 1./7 x ('25.0y,,;,~)( 1,~,!5 x 1.6?5 x (~5.9) z 

~ 

+ I.J;~50:3) + ~J(/.J 71' /./7 )t('Z5.0)e.,. ~x I.GTZSx /.(j,tz'5x (1.~. 9) Z 

: GG,/Sc!.~ F7f-

,i = ~ (1.'5 .x50.~ -r 1./7x ~o.~ +1 ;<tz7) 
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H. J. SEXTON & ASSOCIATES, ENGINEERS 
SAN FRANCISCO. MENLO PARK, CALIFORNIA 

General Electric Company 
Atomic Power Equipment Department 
175 Curtner Avenue 
San Jose, CaUiornia 95125 

ATTENTION: Mr. Ralph B. Gile 

May 27, 1968 

IN REPLY REFER TO. 
S51 MISSION STREET 
SAN FRASCISCO. 9-410.5 

(41.5) 781.891-4 

SUBJECT: Monticello Nuclear Generation 
Plant-Earthquake Analysis 
20 Inch Suction Header 

Gentlemen: 

Transmitted herewith is our report on the subject analysis. In accordance 
with your instructions, we have performed this analysis to detennine the 
forces, moments and stresses produced by the design earthquake for 
the subject facility. 

EJK/pb 
Encl. 

Very truly yours, 

H. J. Sexton & Associates, Engineers 

E. (J? l!.id.J 
E. J. Keith 
Associate 

A.6-i 



REPORT ON THE 

DYNAJvlIC EARTHQUAKE ANALYSIS 

OF THE 

20 INCH SUCTION HEADER 

FOR THE 

MONTICELLO NUCLEAR GENERATION PLANT 

This report, prepared for the General Electric Company, presents the 
results of a dynamic earthquake analysis of the 20 Inch Suction Header for 
the Monticello Nuclear Generation Plant. A typical segment of this pipe 
was analysed for the two directions of horizontal earthquake motion parallel 
to the primary axes of the reactor building. The results are presented for 
each case including coordinates, forces, moments, support reactions and 
stresses at all critical points along the pipe. Displacements are not 
presented since the results indicate thai: these displacements are negligibly 
small, being less than three mils maximum. 

DESCRIPTION OF 20 INCH HEADER 

The 20 inch suction header consists of a 20 inch outside diameter steel 
pipe having a wall thickness of 3/8-inch. The header is a 16-segmented 
closed loop connected to the pressure suppression chamber by four 20 inch 
tees and 24 pairs of one-half inch by two and one-half inch pin-connected 
struts. The entire closed loop lies in a horizontal plane at Elevation 902 t - 3" 
and is centered about the vertical centerline of the pressure suppression 
chamber. Figures 1 and 2 show the plan and details of the header and its 
connections to the suppression chamber. Page 6 summarizes the pertinent 
properties of the header. 
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ANALYTICAL CRITE RIA 

The analysis was based on the following data included in the Plant's 
Design and Analysis Report: 

1. Design Earthquake 

North 690 West component of the 1952 Taft, California 
Earthquake normalized to 0.06 gra vicy . Safe shutdown 
is at twice the design earthquake. 

2. Damping Factors 

Critical Piping-- - - - - - - --- - -- -- - - - - - - -- -0.5% 

Only the results for the Design Earthquake are presented herein. To 
obtain the results for the safe shutdown, mUltiply the results presented 
by a factor of 2. O. 

METHOD OF ANALYSIS 

A typical representative segment of pipe was idealized as a mathematical 
model consisting of lumped masses separated by elastic members. Lumped 
masses were located at critical points as required to adequately represent 
the typical segment of pipe. Using elastic properties of the pipe between 
successive mass points the flexibility matrLx of the modeled three-dimensional 
pipe system was determined. The flexibility calculations included the effects 
of torsional, bending, shear and axial deformations. Comments on the 
adequacy of the model's boundry conditions and resonance effects are presented 
later in this report. 

After the flexibility and mass matricies of the mathematical model were 
obtained, the frequencies and mode shapes for me first three modes of 
vibration were determined. Normally, after the frequency has been 
determined for each mode, the spectral acceleration is read from the 
appropriate support point response spectra and the response displacement 
is calculated. In this case, however, the period of vibration of the first mode 
of the header is only 0.03 seconds and is so small the header may be treated 
as a rigid system supported on a rigid suppression chamber. (The first 
mode period of the pressure suppression chamber is 0.04 seconds ). 
Therefore, the header was analysed as if it were loaded with a uniform 
equivalent static coefficient equal to the response acceleration of the 
suppression chamber times a factor of 1.33 to account for the effects of 
higher modes in the header and the minor magnification that could be 
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r', ". produced from interaction between the suppression chamber and the- header. 
The resulting uniform static coefficient of 0.20 was used in the horizontal 
direction and was assumed to act simultaneously with a uniform static 
coefficient of 0.05 in the vertical direction. Since the stresses resulting 
from this loading are very small, no further refinement of analysis was 
deemed justified. 

COMPUTATION OF STRESSES 

The values of forces and moments given in this report are for both 
member coordinate and global coordinate systems and the particular 
system used is so noted on the sheets containing the results. Using the 
results given for the member coordinate system, the pipe stresses are 
determined in accordance with Reference 2. 

DESCRIPTION OF COMPUTER PROGRAM 

All of the calculations were performed with the aid of an IBM 360/65 
digital computer. The computer program emp~oyed was written 
specifically for the analysis of three dimensional piping systems. 

The input data for this program consists of the coordinates of all 
joints, pipe diameter, pipe wall thickness, pipe weight per foot, modulus 
of elasticity and boundary conditions. The computer calculates the pipe 
stiffness matrix, force transformation matrix, mode shapes, frequencies, 
inertia forces, internal forces, displacements and support reactions. 

DISCUSSION OF RESULTS 

The results presented herein are in the form of coordinates, internal 
forces and moments in· global and member coordinates, support reactions 
and stresses. These results are given for two different horizontal directions 
of earthquake acting simultaneously with the vertical direction of earthquake. 

The following table summarizes the maxima of certain selected 
parameters: 

Maximum stress-- ---- -- -- -- -- --- - ------ - --
Maximum deflection-- ---- - ------------ -- --­
Maximum moments acting at 

end of tee section in member 
coordinate system: 

329 psi (at tee) 
3 mils 

Bending -------------------------- 4.86 kip-feet 
Torsion -------------------------- 4.86 kip-feet 
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Maximum forces acting at 
end of tee section in member 
coordinate system: 

Shear --------------------------­
Axial - --------------------------

Maximum stresses acting 
on tee at connection to 

2.44 kips 
2.44 kips 

suppression chamber ----------------- 820 psi 
Maximum force in 

horizontal strut ---------------------- 0.415 kips 
Maximum stress in 

horizontal strut ---------------------- 330 psi 
Allowable stress in 

horizontal strut --------------------- 11,260 psi 
Allowable bolt force in 

horizontal strut --------------------- 8.84 kips 

It should be pointed out that the above results are for seismic conditions 
alone. Dead load and thermal conditions have not been considered. In 
order to check the vertical strut it was necessary to find the force in the 
strut due to dead load. This was found to be 2.54 kips. The strut force 
due to seismic effects was found to be o. 12 kips. Thus, the total vertical 
strut force is 2.66 kips which produces a maximum stress of 3.15 ksi. 
This is less than the allowable tensile stress of 20 ksi. The strut support 
system and connecting bolts are therefore adequate for the seismic plus 
dead load condition. 

COMMENTS ON ASSUMPTIONS 

A.6-4 

This analysis is based on the assumption that the header segments may 4 
be considered rigid at their connection to the 20- inch tee sections. While 
this asswnption is not strictly true, it leads to the conclusion that the period 
of vibration of the header is extremely short and the earthquake induced 
stresses are very small compared to the allowable stresses. Even if the tee 
sections provided only partial restraint they would not increase the period of 
vibration of the header by more than about fifty per-cent, thus producing a 
period of vibration of the header of only 0.045 seconds, still very small. 
Furthermore, even if the period was 0.045 seconds and the header was 
subjected to magnification factors greater than those assumed in this 
analYSiS, the current calculated stresses are so low that there is ample margin 
for such magnifications. Therefore, it is our opinion that the results 
presented herein are adequate and should be used for the design of the 20- inch 
suction header and its supports. 
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MONTICELLO NUCLEAR GENERATION.PLAi"JT 

20 Inch Header 

Weights and Properties 

1. Outside diameter of pipe 20.0 inches 

2. Wall thickness of pipe 3/8 inches 

3. Weight of pipe per foot 78.6 lbs. 

4. Weight of contents per foot 126 lbs. 

5. Modulus of elasticity 4, 032, 000 ksf. 
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• 
MONTICELLO t\1lJCLEAR GENERATION PLANT 

20 Inch Header 

Coordinates of Joints 

Joint X y Z 
Feet Feet Feet 

1 -43~30 0.00 17.93 
2 -40.43 0.00 15.06 
3 -34.69 0.00 9.32 
4 -27.19 0.00 6.21 
5 -23.44 0.00 4.66 
6 -19.68 0.00 3.U 
7 -12.18 0.00 0.00 
8 -4.16 0.00 0.00 /---
9 0.00 0.00 0.00 {'. " 10 4.16 0.00 0.00 
11 12.18 0.00 0.00 
12 19.68 0.00 3.U 
13 23.44 0.00 4.66 
14 27.19 0.00 6.21 
15 34.69 . 0.00 9.32 
16 40.43 0.00 15.06 
17 43.30 0.00 17.93 10 
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MONTICELLO NUCLEAR GENERATION PLANT 

20 Inch Header 

Combined X and Y Direction Earthquake 

Forces at Joints (Global Coordinates) 

Joint X Direction Y Direction Z Direction 
Kips Kips Kips 

1 1.52 0.08 0.78 
2 1.52 0.08 0.78 
3 1.36 0.05 0.78 
4 1.02 0.13 0.79 
5 0.99 0.13 0.79 
6 0.99 0.12 0.07 
7 0.67 0.05 0.07 
8 0.33 0.13 0.07 

,- " :. 9 0.00 0.13 0.07 
10 0.33 0.13 0.07 
11 0.67 0.05 0.07 
12 0.99 0.12 0.07 
13 0.99 0.13 0.79 
14 1.02 0.13 0.79 
15 1.36 0.05 0.78 
16 1.52 0.08 0.78 
17 1.52 0.08 0.78 
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MONTICELLO NUCLEAR GENERATION PLANT 

20 Inch Header 

Combined X and Y Direction Earthquake 

Moments at Joints (Global Coordinates) 

Joint X Direction Y Direction Z Direction 
Kip-Feet Kip-Feet Kip-Feet 

1 0.44 2.99 0.18 
2 0.20 0.86 0.05 
3 0.02 2.46 0.29 
4 0.11 0.20 0.04 
5 0.31 2.06 0.49 
6 0.12 0.77 0.05 
7 0.00 0.81 0.23 

• 
8 0.00 0.27 0.12 
9 0.00 0.00 0.65 
10 0.00 0.27 0.12 
11 0.00 0.81 0.23 
12 0.12 0.77 0.05 
13 0.39 2.06 0.49 
14 0.11 0.20 0.04 
15 0.02 2.46 0.29 
16 0.20 0.86 0.05 
17 0.44 2.99 0.18 12 
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MONTICELLO NUCLEAR GENERATION PLANT 

20 Inch Header 

Combined X and Y Direction Earthquake 

Forces at Joints (Member Coordinates) 

Joint Axial Shear Y Shear Z 
Kips Kips Kips 

1 1.64 0.08 0.53 
2 1.64 0.08 0.53 
3 1.52 0.05 0.42 
4 1.25 0.13 0.46 
5 0.94 0.13 0.46 
6 0.94 0.12 0.32 
7 0.64 0.05 0.20 
8 0.33 0.13 0.07 
9 0.00 0.13 0.07 • 10 0.33 0.13 0.07 
11 0.64 0.05 0.20 
12 0.94 0.12 0.32 
13 0.94 0.13 0.46 
14 1.25 0.13 0.46 
15 1.52 0.05 0.42 
16 1.64 0.08 0.53 
17 1.64 0.08 0.53 

13 
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MONTICELLO NUCLEAR GENERATION PLANT 

20 Inch Header 

Combined X and Y Direction Earthquake 

Moments at Joints (Member Coordinates) 

Joint Torsional Bending Y Bending Z 
Kip-Feet Kip- Feet Kip-Feet 

1 0.19 3.00 0.44 
2 0.19 0.85 0.11 
3 0.19 2.46 0.27 
4 0.09 0.21 0.08 
5 0.09 2.06 0.60 
6 0.09 0.77 0.10 
7 0.09 0.80 0.23 

-- 8 0.00 0.27 0.12 (. 9 0.00 0.00 0.65 
10 0.00 0.27 0.12 
11 0.09 0.80 0.23 
12 0.09 0~77 0.10 
13 0.09 2.06 0.60 
14 0.09 0.21 0.08 
15 0.19 2.46 0.27 
16 0.19 0.85 0.11 
17 0.19 3.00 0.44 

14 
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MONTICELLO NUCLEAR GENERATION PLAJ.~T 

20 Inch Header 

Combined X and Y Direction Earthquake 

Pipe Support Reactions (Global Coordinates) 

Forces at Points 5 and 13 

Forces at Point 9 

X Direction 
Y Direction 
Z Direction 

X Direction 
Y Direction 
Z Direction 

0.29 kips 
0.25 kips 
0.72 kips 

0.00 kips 
0.26 kips 
0.00 kips 

H. I. SEXTON &. ASSOCIATES, ENGINEERS 
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MONTICELLO NUCLEAR GENERATION PLAJ.'1T 

20 Inch Header 

Combined X and Y Direction Earthquake 

Stresses at Joints 

JOint Stress 
Kips/Sq. In 

1 0.329 
2 0.095 
3 0.269 
4 0.026 
5 0.232 
6 0.090 
7 0.091 
8 0.033 
9 0.070 
10 0.033 
11 0.091 
12 0.090 
13 0.232 
14 0.026 
15 0.269 
16 0.095 
17 0.329 

16 
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MONTICELLO NUCLEAR GENERATION PLANT 

20 Inch Header 

Combined Z and Y Direction Earthquake 

Forces at Joints (Global Coordinates) 

Joint X Direction Y Direction Z Direction 
Kips Kips Kips 

1 0.74 0.08 0.83 
2 0.74 0.08 0.83 
3 0.74 0.05 0.67 
4 0.74 0.13 0.34 
5 0.74 0.13 0.58 
6 0.53 0.12 0.58 
7 0.50 0.05 0.25 
8 0.50 0.13 0.41 • 9 ' , 0.50 0.13 0.41 
10 0.50 0.13 0.41 
11 0.50 0.05 0.25 
12 0.53 0.12 0.58 
13 0.74 0.13 0.58 
14 0.74 0.13 0.34 
15 0.74 0.05 0.67 
16 0.74 0.08 0.83 
17 0.74 0.08 0.83 

17 
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MONTICELLO NUCLEAR GENERATION PLANT 

20 Inch Header 

Combined Z and Y Direction Earthquake 

Moments at JOints (Global Coordinates) 

Joint X Direction Y Direction Z Direction 
Kip-Feet Kip-Feet Kip-Feet 

1 0.44 0.08 0.17 
2 0.21 0.20 0.05 
3 0.20 0.18 0.28 
4 0.11 0.06 0.04 
5 0.31 1.06 0.51 
6 0.12 0.35 0.05 
7 0.00 0.69 0.23 
8 0.00 0.03 0.12 

rtt 
9 0.00 1.69 0.65 

\ 10 0.00 0.03 0.12 
11 0.00 0.69 0.23 
12 0.12 0.35 0.05 
13 0.31 1.06 0.51 
14 0.11 0.06 0.04 
15 0.20 0.18 0.28 
16 0.21 0.20 0.05 
17 0.44 0.08 0.17 

18 
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MONTICELLO NUCLEAR GENERATION PLANT 

20 Inch Header 

Combined Z and Y Direction Earthquake 

Forces' at Joints (Member Coordinates) 

Joint Axial Shear Y Shear Z 
Kips Kips Kips 

1 1.11 0.08 0.07 
2 1.11 0.08 0.07 
3 0.99 0.05 0.05 
4 0.81 0.12 0.28 
5 0.68 0.12 0.35 
6 0.68 0.12 0.35 
7 0.56 0.05 0.08 
8 0.50 0.13 0.41 
9 0.50 0.13 0.41 -• 10 0.50 0.13 0.41 
11 0.56 0.05 0.08 
12 0.68 0.12 0.35 
13 0.68 0.12 0'.35 
14 0.81 0.12 0.28 
15 0.99 0.05 0.05 
16 1.11 0.08 0.07 
17 1.11 0.08 0.07 

19 
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MONTICELLO NUCLEAR GENERATION PLANT 

20 Inch Header 

Combined Z and Y Direction Earthquake 

Moment at JOints (Member Coordinates) 

JOint Torsional Bending Y Bending Z 
Kip-Feet Kip-Feet Kip-Feet 

1 0.19 0.08 0.44 
2 0.19 0.20 0.11 
3 0.19 0.18 0.27 
4 0.09 0.06 0.08 
5 0.09 1.10 0.60 
6 0.09 0.36 0.10 
7 0.09 0.69 0.23 
8 0.00 0.03 0.12 

" . .-- ....... 9 0.00 1.68 0.65 

• 10 0.00 0.03 0.12 
11 0.09 0.69 0.23 
12 0.09 ·0.36 0.10 
13 0.09 1.10 0.60 
14 0.09 0.06 0.08 
15 0.19 0.18 0.27 
16 0.19 0.20 0.11 
17 0.19 0.08 0.44 

20 
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MONTICE LLO NUCLEAR GENERATION PLANT 

20 Inch Header 

Combined Z and Y Direction Earthquake 

Pipe Support Reactions (Global Coordinates) 

Forces at Points 5 and 13 

Forces at Point 9 

X Direction 
Y Direction 
Z Direction 

X Direction 
Y Direction 
Z Direction 

0.24 kips 
0.25 kips 
0.58 kips 

0.00 kips 
0.26 kips 
0.83 kips 

A.6-21 
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MONTICELLO NUCLEAR GENERATION PLANT 

20 Inch Header 

Combined Z and Y Direction Earthquake 

Stresses at joints 

Joint Stress 
Kips/Sq. In 

1 0.053 
2 0.033 
3 0.037 
4 0.016 
5 0.135 
6 0.041 
7 0.078 
8 0.013 re 9 0.196 
10 0.013 
11 0.078 
12 . 0.041 
13 0.135 
14 0.016 
15 0.037 
16 0.033 
17 0.053 

22 
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REPORT ON THE 

DYNAMIC EARTHQUAKE ANALYSIS 

OF THE 

PRESSURE SUPPRESSION CHAMBER 

OF THE 

MONTICELLO NUCLEAR POWER STATION 

This report, prepared for the General Electric Company, presents the results 
of the seismic analysis of the Pressure Suppression Chamber for the Monticello 

Nuclear Power Station. 

DESCRIPTION OF SUPPRESSION CHAMBER 

The suppression chamber (Torus) is a torus-shaped steel vessel having an 
inside diameter of 27 feet 8 inches and a major diameter of 98 feet. It is supported 
verticaily by 32 columns, 16 inner and 16 outer. Lateral stability is provided by four 
pinned, embedded anchorage assemblies, identified as seismic supports, which 
transmit seismic loads from the soffit of the torus to the concrete foundation. 
Dynamicailythe torus is a complete system in itself; the vents, headers, and 
downcommers are separated from the torus by means of bellows which provide no 
support. 

A.7-1 
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METHOD OF ANALYSIS 

The torus is idealized as a single degree of freedom system. Its spring 
constant is determined from the calculated shear deformations of the pins and 
bottom plates of the four seismic supports. By comparison the upper plates are rigid 
in shear, and all plates and pins are considered rigid in bending. The columns 
contribute a negligible amount of resistance compared to the stiffness of the seismic 
supports. The anaylsis is presented for the' operating and flooded conditions . 

. Using the calculated stiffness and mass, the fundamental period of vibration 
of the torus is determined for the two cases considered, The seismic coefficient is 
read from the response spectrum for 1.0% damping. 

A.7-2 
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MONTICELLO NUCLEAR POWER STATION 

PRESSURE SUPPRESSION CHAMBER 
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,i. - /.$ IN. 

KpIN - (/. ~~) (12 X 10:> = /,41 X 104 1<1p,/IN. 
(1.11)(1.5) -

Co SilFFNESS OF EAC.LI C.LIAM!3€R SUPPORi 

I 1 I -=--/--
Ks K~ KpIN 

I + I _ -,5 - 2.'~ X 106 /,41 X lOS - I.oa X 10 

2. TORUS SilrFNeSS Kr 

I<r - 2Ks = I. 84 X 105 XIP/IN. 

". MASS 

a. WA i=R WeiGHT 

OPeRATING CONOlilON 

PI. 00060 CONOlilON 

b. SiRtlCTtlRE , EQVIPMENT 

5, 223. I(IPS 

/ I, 704. ,'<IPS 

0710. KIf'S 

9 
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SAN FRANCISCO. MENLO P .... RK, CALIFORNIA 

JOII No.l229 JOII ,~ONrICGLLO "'VCLlA/< powel< STATION 1IY::It!; DATI: 11·14·'~ ~.""" 
CLIENT Go Co SUIIJECT PI( £' ssu,Qe Sl/PP~~ 5510,4.1 CNAl.,.(~E,.q CMK'D 0(/11 DATE 11-14-'8 

4. TORUS P€RIO.o 'ReSPONSE: 

li€M (lNIT OP:RAiING ;:t.OOocO 
CONOlrlON CON[)/TIO,v 

WAT~R We/Gh'r KIPS ~ZC3.0 II, 704.0 

STRUCiUR€ & £Q(JIP W€IGNT " 1,710.0 ,~ 710.0 

TOiAL WtIG#T, W /I ", ~:3J. 0 /';,414.0 

iO/fV5 SiIFrN€SS, Kr X/IN. , ,~a4 x /O~ ,: 84 ~'( lOs 
.. -. -

PeRIOf) i= 2i!/g":,. SEC. 0. 0(;2 0.087 

S '*' A - I tJ,~ a. - i I t:J g 0.07 0.15 
,-

SeISMIC f"O;;Cl ;:. f x Sa. KIPS 4dS. 2,010.0 

70RUS l)~f"L~CT/ON 6 7 = ;,. /N. O.OO2G4 O. OIO~ 

!tf Sa rROM Rc SPONS€ Sf'€CiRt./M CURve.. 

5. MAX. SEISMIC rORCc Ar EACH C)-/AM8!~ StJPPORT 

a OP€RAT/NG CONDITION 

FMAK - (.!J2 X 10.$ K;~/N.)(.002'4 IN.) 

- 24.3 I<IPS 

~. FLOODeO CONOITION 
FMA~ - (.92 X 10.5 K/lN.)(.OIOSJ /N.) 

-1,000 KIPS 
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A.8-1 

METHODS OF ANALYSIS . . 
(Code Requirement Section III, Appendix C-1320) 

The following is a description of the computer programs used in the subject stress analysis and a brief 
description of their assumptions and theory. All programs conform to the design and control measures 
required by Appendix B of 10 CFR Part 50. 

PROGRAM THEORY AND ASSUMPTIONS 

ME-l0l 

PURPOSE 

The stresses and loads in piping systems due to restrained expansion, dead weight, seismic movement and 
ear.hquake are calculated using the ME-10l computer program. 

METHOD OF ANALYSIS 

ME·10l is a finite element computer program which performs linear elastic analysis of piping systems using 
s-.andard beam theory techniques. ME-10l may be used for static and seismic load analysis of piping 
sys:ems and also performs effective weight calculations. 

S:a~ic analysis considers one or more of the following: thermal expansion, dead weight, uniformly dis­
tributed loads, and externally applied forces, moments, displacements and rotations, or individual force 
loads. 

Seismic analysis is based on standard normal mode techniques and uses response spectrum data. Three 
methods of eigenvalue solution are available. Both Determinant Search and Subspace Iteration consider 1 

all data points as mass points. Kinematic Reduction considers masses only at specified data points in 
designated directions. Differential seismic anchor movement analysis and static seismic analysis are also 
provided. 

REFERENCES 

1. K. Bathe, E. Wilson, F. Peterson, "SAP IV - Structural Analysis Program for Static and Dynamic Re­
sponse of Linear Systems," U. of California, Berkeley, Report No. EERC73-' 1, June 1973. 

2. J. Gere, W. Weaver, "Analysis of Framed Structures," New York, D. Van Nostrand, 1965. 

3. BSAP Theoretical Manual, Vol. 1 . . 
4. R. Roa~k, "Formulas for Stress and Strain," New York, McGraw-Hili, 1965. 

5. J. Gere, "Moment Distribution," Princeton, N.J., D. Van Nostrand, 1963. 

s. K. Bathe, E. Wilson, "Numerical Methods in Finite Element Analysis," Englewood Cliffs, N.J., Prentice 
Hall, 1976. 
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7. G. Stewart, "Error Bounds for Approximate Invariant Subspaces of Closed Linear Operators," SIAM 
J. of Numerical Analysis, Vol. 8, No.4, December 1971. 

8. G. Stewart, "Error and Perturbation Bounds for Subspaces Associated with Certain Eigenvalue 
Problems," SIAM J. of Numerica'l Analysis, Vol. 15, No.4, October 1973. . 

9. G. Stewart, U. of Maryland Department of Computer Science, letter to R. Blum, November 22, 1977 
(Attachment 1). 

ME-101 STATIC ANALYStS 

For gravity, thermal and seismic movement analyses, the static load and displacement matrices are formed 
in addition to the stiffness matrix of the mathematical model. These matrices include the applied end 
forces and displacements, the distributed loading on the mathematical model, and the thermal forces de­
veloped in the members of the model, whichever is applicable. Once these matrices are formed, the system 
equilibrium equation is solved for ~ using the SESOL linear equation solver (see Ref. 6). 

R-KU-F 

in which: 

R = End force matrix 

K = Stiffness matrix of piping 

U = End displacement matrix 

F = Fixed end force matrix 

After the end displacements are determined, the individual member forces are obtained by using the 
member stiffness properties, and finally, the support reactions are calculated. 

DYNAMIC ANALYSIS 

The dynamic analysis of flexible piping systems is performed using the response spectrum method. A flex· 
ible piping system is idealized as a mathematical model consisting of lumped masses connected by mass· 
less elastic members. The lumped masses are carefully located so as to adequately represent the dynamic 
and classic properties of the piping system. The three-dimensional stiffness matrix of the mathematical 
model is determined by the direct stiffness method. Axial, shear, flexural and torsional deformations of 
each member are included. For curved members, a decreased stiffness is used in accordance with the Code. 
The mass matrix is also calculated. 

After the stiffness and mass matrix of the mathematical model are calculated, the natural frequencies of 
piping system and corresponding mode shapes are determined using the following equation: 

• 
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where, 
It ' t-X,YorZ 

K = stiffness matrix 

.. 
U~ U~ = displacement and accelerations due to the ground acceleration ac' c = X, Y, or Z 

M = mass matrix 

IX = vector with I's in positions corresponding to Ox displacements, 0'5 elsewhere 

Iy IZ = same as IX except 1'5 are in positions corresponding to Oy and Oz 
directions respectively 

ax, ay, aZ = ground accelerations in X, Y and Z directions 

The equation of motion is solved via modal analysis, i.e. 

Uc = L 17· 4>. I I , 
modes 

where, 4>. = ith mode shapes 
I 

17i = generalized displacement of the ith mode shape 

Substituting the modal formulation of Uc into the equation of motion and pre·multiplying by <t>jT and 
enforcing orthogonality, i.e. . . 

T- T -
4>i M <t>j = 4>i K 4>j.= 0 

yields the modal equation of motion 

11 + w·2 17· J J 

where, ",.2 
J 

... rj ac 
<t>.T M 4>. 

I I 

4>.T M 4> . 
J • J 

... 

i * j 

= eigenvalue 

... (2 1r frequency)2 

r· J 
• participation factor 

~~-----------------.------------------------------------~-------------------------4 
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The maximum generalized accelerationS,;j max: and displacements, T7j max = ~i max"')' are determined 
by a response spectra curve for the input ground motion. 

The responses of the piping system with frequencies greater than W cut-off are neglected. 

The modal displacements and element end forces are: 

displacement: U
J
• - .,. ... .'J '*'j 

end forces: 

Two options are available for modal summation. They are SQuare root lof the sum of the squares '(SRSS) 
and summation of closely spaced modes, via Regulatory Guide 1.92 Eqn. 4 (CS4). 

VERIFICATION 

The program has been verified by comparing its output with the ASME Benchmark Probiem No.1 as 
described in "Pressure Vessel and Piping 1972 Computer Programs Verification". The results were accep­
table. Additional test problems are given in "Verification Report on ME- 101, Linear Elastic Analysis of 
Piping Systems" Revision 1, February 1977, Bechtel Power Corporation . 
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SUBJECT: MONTICELLO Nuclear Generation Pl~nt - Unit 1 
Earthquake Analysis! 
Off-Gas Stack 

Gentlemen: 

Transmitted herewith is the subjoct report based on the information fur­
nished by General Electric Company. 

The results and recommendations presented herein are intended to be used 
in conjunction with the normal service loads in the final design calcu­
lations. 

Very truly yours, 

RSV: j 1 
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MONTICELLO NUCLEAR GENERATION PLANT-UNIT 

EARTHQUAKE ANALYSIS: 

OFF-GAS STACK 

INTRODUCTION 

This report presents the results of our investigations of the 

design earthquake response of the off-gas stack for the Monti­

cello Nuclear Generation Plant-Unit 1. Based upon the recommended 

earthquake design criteria established for the plant, design 

envelopes of the maximum accelerations, displacements, shears, 

and overturning moments versus the he"ight of the stack have 

been developed and are presented herein. 

DESIGN CRITERIA 

Based upon data developed by John A. Blume & Associates, Engineers, 

the design earthquake used in this analysis is the North 690 West 

component of the July, 1952 Taft earthquake, normalized to a maxi­

mum ground acceleration of 0.06 gravity. The earthquake design 

criteria for the Monticello Nuclear Generation Plant is contained 

in Reference I. 

DESCRIPTION OF STACK 

The off-gas stack is a 320-foot-high reinforced concrete structure, 

having an internal diameter of 6.0 feet at the top and 32.0 feet 

at the base, with a 4.0-foot-thick octagonal foundation. The 

thickness of the concrete shell of the stack varies from 12 inches 

at the base to 7 inches at the top. The physical characteristics 

of the subject stack are described in Reference 2, and are sche­

matically shown in Figure I. 

METHOD OF ANALYSIS 

The off-gas stack was treated as a flexible cantilever and was 

idealized as a mathematical model consisting of nineteen lumped 

- 1 -

A.9-1 



masses connected by weightless elastic columns. The soil-struc­

ture interaction has been considered through the application of 

base translational and rotational springs. The complete mathe­

matical model (Figure 2) shows the location and magnitude of the 

lumped masses, area and moment of inertia of the connecting col­

umns, and the values of the base springs. The values for the 

base springs are based on the subsurface geotechnical properties 

of the material supporting the stack, and are listed in Refer­

ences 3, 4, and 5. 

The elastic properties of the columns and the coupled action of 

the base springs were used to determine the flexibility matrix 

for the mathematical model. The flexibility calculations in­

cluded the effects of flexural and shear deformations. Periods 

and mode shapes were determined using the flexibility matrix and 

the mass matrix. 

The model was then subjected to the design acceleration time­

history at the base to obtain time-histories for accelerations, 

displacements, shear forces, and overturning moments at the 

various mass point elevations. These records were then scanned 

to determine the maximum values, which are graphically pre­

sented in Figures 3 through 6. 

DESCRIPTION OF COMPUTER PROGRAM 

The computer program used in this analysis was developed speci­

fically to solve for dynamic response of structures subjected to 

arbitrary ground motions. Forms of input data used for the pro­

gram include moments of inertia, ef.fective shear area for the 

members, values of the base springs, weights of the lumped masses, 

and the input acceleration time-history. 

The computer retains the response of each mass for each individual 

mode at each increment of time, and the total response for each 

increment of time is obtained by adding together the response of 

each mass point for each mode at a particular instant of time. 

- 2 -
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The result is an exact combination of mode participation which 

does not require approximate methods such as the root-mean-square 

method. 

DISCUSSION OF RESULTS 

The envelopes of maximum accelerations, shears, moments, and dis­

placements are presented in Figures 3 through 6. 

The calculations previously described were performed with the aid 

of a digital computer. The influence of 7~ and higher modes of 

vibratio~ was considered negligible, and therefore ignored in 

the response calculations. A damping value of 5% was assigned to 

all modes. 

The first six natural periods of vibration are listed below: 

First Mode ..•••.••.••.•.•....•....• l.131 seconds 

Second Mode .•..••..••.•.•.......... 0.360 seconds 

Third Mode ••.•••• ~ •.••.•....•.•.••. 0.171 seconds· 

Fourth Mode .....•......••.•.......• 0.108 seconds 

Fifth Mode ......•..•............... 0.081 seconds 

Sixth Mode •••••••••••.•..........•. 0.061 seconds 

RECOMMENDATIONS 

It is recommended that the off-gas stack be designed to resist 

the seismic shears and moments presented herein. The stack 

should be stable against an overturning moment of 14,312 kip-ft. 

In addition, the structure should be reviewed for safe shutdown 

requ i rements. 

- 3 -
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MONTICELLO NUCLEAR GENERATION PLANT-UNIT 
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