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ABSTRACT

This report describes the design, construction, and instrumentation of
a 1/6-scale reiniorced-concrete containment building that has been
built at Sandia National Laboratories in Albuquerque, New Mexico. The
model of the Light-Water-Reactor containment building was designed and
built to the American Society of Mechanical Ergineers Code by United
Engineers and Constructors, Inc, As part of the U.S. NRC's program on
containment integrity, the model will be tested to failure to deternine
its response to static internal overpressurization at ambient tewpera-
tures. The results from testing the heavily instrumented containmnent
will be used to assess the capability of analytical methods for predic-

ting the performance of containments when subject to severe accident
loads.

The scaled dimensions of the cylindrical wall and hemispherical dome
are typical of a full-size containment., Features representative of a
prototypical containment and included in the heavily reinforced model
are egquipment hatches, personnel airlocks, several small piping pene-

trations, and a thin steel liner attached to the concrete by headed
studs.

Over 1200 channels of {instrumentation will be wused to assess the
model's behavior during testing. Several video and still camera sta-
tions are also used during testing of the containment for both data
gathering purposes and for support in conducting the test,
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1. INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC) is investigating the
performance of Light-Water-Reactor (LWR) containments subjected to
severe accidents. This work is being performed dy the Containment
Integrity Division at Sandia National Laboratories (Sandis). The
latest research effort involves the testing of a l/6-scale reiaforced-
concrete containment model. The containment, which was desigred and
constructed by United Engineers and Constructors [l1-4], is the largest
and most complex model of its kind, The design, construction, and
preparations for testing of the containment model are the subject of
this raport.

The objective of the containment model tests is to generate data that
can be used to qualify methods for reliably predicting the response cf
LWVR containment buildings to severe accident loads. The data recorded
during testing include deformations and leakage from the contaimment,
as well as strains and displacements of the containment shell.

1.} Baskgreusd

Research into the behavior of LWR containment buildings subject toe
bypothesized severe accidents has Gteen ongoing. The containment
building, whether it is made of steel, reinforced concrete, or pre-
stressed concrete, is the final ongineered barrier to prevent the
release of fission products and redicactive gases that could be gener-
ated during reactor operations with particular emphasis on severe
euvironmental and accident loading conditions. The containment is
designed to vithstand accident conditions and environmental loadings
such as a loss-of-coolant accident and earthquake loadings. To ful-
fi11 its function, the containment must remain leak-tight and strue-
turally sound at all times.

In the wake of the Three Mile Island accident, attention was focused
oo the capability of the contaimment building to withstand loadings
bayond its design basis. The NRC is sponscrine A program at Sandia to
study the performance of conteinment buildings when loadcd beyond
their design capabilities. Sandia has conducted static overpres-
surization tests on five scale models of steel containment buildings
[5-14) and is currently preparing the reinforced-concrete containment
model for testing.

1.2 RBrogram Scops

The testing of the containment models is only cne of the programs
being sponsored by the NRC to address containment integrity during
severe accidents, Other programs that deal with the performance of
the containment system are also being sponsored bty the NRC and are
described below.

Tests and analyses are being conducted on mechanical penetrations of
contaiament buildings, such as personnel airlocks and bellows [13-19).
Some of these tests will include both temperature and pressur. as
testing parameters. Structural data on eqQuipment hatches, persoanel
airlocks, and other mechanical penetrations are gathered from the



containment tests and used in assessing the need for additional tests
on penetrations.

Three tests have been complcted on the electrical penetrations as-
semblies used in containments [20, 21). These too included tempera-
ture and pressure profiles during testing.

Extensive testing or seals and gaskets is also being conducted at
Sandis., The elastomers used in sealing the mechanicel penetrations
are subject to ocevere accident environments and in some cases even to
rediation exposure [22-24). These tests are used to determine the
sealing capabilities of the elastomers when exposed to severe accident
rovironments.

Information gathered from all these programs helps determine the
behavior of & contaioment bullding subjected to a sovere accident.
These programs help ensure safe nuclear power generation for the
future.

1.3 Scheduls

Four l:32-scale steel ¢orrtainment models were tested between December
1982 and Deiember 198), These tests were followed by a test of a 1:8-
scale steel containment model in November 1984. All tests were quasi-
static tests that used nitrogen as the medium of pressurization. All
tests were car‘ied out until there was a failure in the contalnment
model. The steel containment tests will be followed by the first
reinforced-concrete containment test,

The complexity of the comstruction of the reinforced-concrete contain-
ment was mwuch greater than that of the steel containments., This
complexity necessitated much more careful planning aend desiga. The
design of the containment model began in January 1985 and was com-
pleted in June 1985, To ensure that & high-quality mode) could be
constructed, the design vork of the model and o series of preconstruc-
tion tescs were conducted in paraliel. Pecause of the containment
model's size and schedule constrainmts, particular attention was paid
to limer welding, splices for the reinforcing steel, concrete place-
ment, anu other comstruction and sequencing detaiis. Reference 33 i»
& report on the preconstruction tests conducted during the dedign
phase of the containment model. No probtlems were found that might
have precliuded the containment model's comstruction.

Construction of the containment model began 1o August 1983 after
comments and suggestions aade by a peer reviev panel vere incorporeted
inte the design. The basemat concrete was placed in December 1985,
Sections of the liner began arrivisg on site in Jeouary 1986, snd the
liner work was completed im February, The first placing of concrete
0 the cylinder wall was conducted on March 1) and the last concrete
placement was performed oo May 1%, 1986, All model construction was
completed in June 1986, and testing is scheduled Lo begin in mid-1987,



b4 Rroject Qrganizaticn

Through a competitive bidding process, Sandia project personnel se-
lected United Engineer and Constructors, Inc. (United), as the prime
contractor for the design and construction of the containment model,
United selected several subcontractors for the completion of the
contract, The principal subcontrantors are:

® Chicago Pridge and Iren, Jo., which designed the portions of
the liner not backed by cor.rete, and fabricated and erected
all of the remaining porticns of the limer.

& Wiss, Janney, Elstner, and Associates, wvho performed the
support tests to confirm fabrication techniques and perfor-
rance of the scaed containment elements (xplices, studs).

® Harwonod Engineering, which fabricated and installed the rein-
forcing steel (n the containment model.
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2., CONTAJNMENT DESIGCN

The 1/6-scale reinforced-concrete containment was designed in accord-
ance with the American Sociy'y of Mechanical Engineers (ASME) code and
has & design pressure of 46 psig. The diameter of the model is 22 ft
with & total height of 37 ft, The cylinder wall s 9-3/4 {n. thick
and the dome wall is 7 in. thick. This model has #4 (1)-mm-diameter)
reinfor.ing bar for the primary reinfoicing. The cylinder 'all con-
tains two layers of meridional, four layers of circumferential, and
two layers of diagonal reinforcing steel. As these layers approsch
the apex of the dome, some layers are reduced in response to chaiges
in the geometry and loading. The containment also has a steel liner
on the inside surface that is 1/16 in. thick aleng the base and cylin-
der wall and 1/12 in, thick along the dome wall. The liner is at-
tached to the concrete by headed studs. Two equipment hatches, two
airlocks, constrained penetrations, and several piping penetrations
are alse included in the containment model. All materials used in
constructing the model have structural characteristics that are either
the same or similar to those of actual containment building materials.
A schematic of the containment is shown im Figure 1,

2.1 ZIhe Selecticn of Scals

Vhenever A scale model is used, often the major rotivating factor is a
reduction im cost. As the model (s reduced in size more compromises
often become necessary, whether it be construction techniques or the
need to forsake prototyplcal materjals. Sandia and its peer review
group felt it was important to at least use typical materials in
tadricating the vreinforced-concrete model. With so many phenomena
present in reinforced comcrete--constitutive behavior of the concrete,
ani interaction Dbetween the materials, such as bond strength, and
rebar slip--using surrogate nsterials could certainly change the
model's performance or certainly detract from the "believability® of
the results obtained from the model,

Te help answer these questions and other conutruction concerns, two
contracts vere placed--one with Stone and Webster, and a sacond with
Failure Analysis Associates Smaller scaling, fres '/14 to 1/10, was
first considered. At the comclusion of the twe studies, however,
smaller scales appeared to be more expensive, since custom fabricatad
reinforeing steel and special construction techniques were needed. In
addition, the construction of the model ot smaller scales would Le
more difficult due to the maintaining of tight tolerances, and the
feat of making & representative limer at reduced scales. At the
conclusion of these two studies it was decided to use & (/6 scale,
which sllowed typical materials, & representative liner, and the best
cost/technical value ratio.

2.2 Poalsn Basis

Except for minor modifications necessitated by the scaled-down fabdbri-
cation and construction requirements, the design veflects the require-
ments of the ASME Boiler and Pressure Vessel Code, Section III, Divi.
sion 1| and Division 2. The design accident pressure vas established
at 46 psig with no thermal loads included. Since inertial loads do
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not scale, the diagonal reinforcement was jroportioned to am equive
alent Safe Shutdown Earthquake (SSE) of 0.18 g from an existing con-
tainment. Lecause thermal loads were excluded and piping forces were
absent ana the seismic loading was given an analytical compensation
factor, nnly tvo load conditions remained as the design basis: Service
Load Condition (D « 1.19 ’.) and Factored Load Condition (D « 1,5P ),
wvhere D and P are the Dead Load and Accident Pressure, respe.tively.
Fiuite elemefit analyses were useq to determine the internal design
forces and moments for each of these load conditions. Three-dimen-
sional models were used in the vicinity of large openings to compute
forces and mcments caused by discontinuities.

Mechanical penetration snchorage systeans were designed for scaled pipe
break loads. Anchorage for the electrical penetrations was based on
150 psig, which is near the sssumed ultimate capacity of the model.

1.3 Comszats

The design of the concrete mix began early in the dosign process of
the containment model and continued into the first phases of the
containment construction. In the wearly phases the use .f a micro-
concrete was investigated, but was abandoned in faver of a more typi-
cal concrete mix., Several trial batches of concrete vere made before
s decision was made on the proportions of the finmal wmix. A well-
rounded coarse aggregate with a nominal maximum size of 3/8 in. vas
used. High-range water reducers (superplasticizers) were used to
limit the water/cement ratio to tho code specified value of 0.53, The
slump required for the concrete lifts was about 8.5 in., except in the
pasemat and dome epex where the slump was reduced.

To be properly placed in the containment model, the concrete had to be
pumpable and flov readily during vibraticn, yet still consolidate
without segregating. To achieve these characteristics, severusl sttal
batches of ocrcrete were tested. Trial batches were & to § yd™ and
were cenlrally batched and bauled to the site where the concrete was
pumped into @ mock-up section of the containment wall. Through &
plexiglass panel in the mock-up form system, the flov and consolida-
tisn characteristics of esch trial mix weie observed., See Flgure 1.
While the cencrete vas still fresh, the mock-up was opened to observe
any lack of conselidation.

Travel times from the central mixing plant to the construction site
were about 45 mir and regquired the use of extended iife superples-
ticizers that allowed & placing life of about 3 b after batching.
Slump was always checked at the site, where some additional superplas-
ticizer was added, as peeded, to bring the siump to the desired level.

Measured compressive strengths of the concrete at 76 days of agv were

sbout 5300 psi. Cured concrete properties are covered in more detail
in Section 5.2,

oo






vall, the liner thickness increases to 3/16 in. Standard pipe sec-
tions were used for smaller piping sections, which are made of SA 33}
Grl steel,

Linars in U.8. containments are generally fabricated of ASI6 Gré0
steel. This material was used for the thicker (3/16 in.) sections of
the liner; however, the AS16 Gré0 steel was not readily availabdle in
thicknesses of 1/16 in. and 1/12 in, A suitable substitute, A4l4 CrD,
used in the thinner sectious, was located after an extensive search by
CB61. Table | shows & ¢ mparison ol AS16 Gré0 and A4l4 GrD materisl
properties,

Table |

Actual Material Properties of AS16 Gr60 and A4l4 Crd

Yield Streas Ultimate Stress Elongation

(1000 peai) (1000 psi) . %
AS16 Greo,, $3.9 7.4 25.4 (s #%)
AS16 Gred 5.8 79.0 2% (im 2%)
A4l4 Ged $1.4 T4 24 (im 2%)

»-

aafTOMm actual contairment bulldings
From 3/16-«in.~thick plates used for the containment model
construction (from Certified Test Reports)

The liver was constructed in sections fu CBAI's Kankakee, llliinmois,
fabrication shop., Included with the liner comstruction was am inter-
nal frame system, which supported the liner durimg both tramsportation
and comstruction. A cylindrical section of the liner turned on edge
(Figure 1), shows both the outside surface and the internal framing.
The liner war held to the support frame by oumerous threaded studs
attached to the inside of the liner and then bolted to the support
frame. The dome section of the liner vas dished by & pressing opera-
tion before it was attached to the internal support frame. The cylin-
der sections were deformed elastically to their final shape when they
were attached to the support frame. All penetrations were added to
the liner st the construction site.






.6 Spllcss

About 3000 mechanically svaged connectcrs were used in the splicing of
the reinforcing steel, the majority being installed on the #4 primary
reinforcing steel. These snlices alloved for flexible corstruction
procedures--they could be installed either remote from the model,
using & bench-mounted press, or at the model iteself, using & haod-held
press, The performance of the splices is discussed further ip Sec-
tiom 3.3. A picture of s splice being inetalled using the band-held
pross ie shown in Figure 6. The splices could be fully swaged or they
could have various types of threaded ends. Installation of & meri-
dional bar, using svaged connectors with thresded ends, (s shown in
Figure 7.

Because all V.5, ocontaimments built to date have exclusively used a

CADVELD-type splice in the reinforcing steel, the use of CADVELDS was
desired in some regions of the containment mcdel CADVELDS used om &

12 Stud Detanl

- 0s -

?
bz I8

Figure 4. Stud Dimensions,
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gravitational forces in the scale model are equal to thke dead weight
divided by the scale factor. Because the dead weight of the model was
effectively 1/6 that of its full-size counterpart and becaus:2 no
internal structures of a containment were modeled, calculited moments
at the base/wall intersection and uplift, due to bulging of the bottom
of a linearly-scaled basemat during pressurization, were much higher
than would be realized in a full-size conitainment. After scaling the
moments at the basemat/cylinder wall intersection with the use of
analyses, a 40-in. basemat thickness was selected.

Inside the cylinder wall a backup bar for welding the liner was cast
into a 3-in-thick leveling course--making the basemat 43 in. thick in
this region. See Figure 1,

A center shear lug (or key) that is 2 ft in dismeter was also included
in the center of the basemat. Tb» key was included to prevent the
movement of the lower cection of the liner during the placing of the
first cylinder wall lift.

Not all reinforcing steel in the basemat is laid out in a hoop or
radial direction. The bottom layer of reinforcing steel 1is arranged
in an orthogonal pattern, while the top layers of reinforcing steel
are arrarged in hoop and radial directions, with the very center of
the top reinforcing stee. also ir an orthogonal pattern. See

Drawing 7847-F-1200 and 7847-F-~1204 in Appendix B on pages B-10 and
B-13,

2.8 [Dome

The nominal thickness of the dome is 7 in., which is slightly thicker
than would scale fror a full-size containment. This is chiefly due vo
the tolerances associated with placing the reinforcing steel and the
added thickness of the bars due to the reinforcing splices.

The meridional reinforcing bars continue from the cylinder into the
dome. As the bars converge, every other bar is terminated at an angle
of 69° from the horizontal, and every other remaining bar is ter-
minated at an angle of 80°, The remaining bars continue to an apex
plate that {s 36 in. in diameter. The bars are attached to the plate
by a threaded coupler., This arrangement can be seen {n Figure 8 and
in Drawings 7847-F-1270 and 7847-F-1271 in Appendix B on pages B-4l
and B-42,

The hoop bars are reduced as the cylinder transitions into the dome.
At an angle of 8 to 9° from the horizontal every other hoop bar in the
dome is eliminated. The diagonal bars in the dome are also reduced as
they pars the spiingline., (The springline is at an elevation of
24 fr.) At an elevation of 25 ft 6 in. every other diagonal bar is
terminated, and finally all diagonal bars are terminated at an eleva-
tion of 30 ft 10 inm. See Drawings 7847-F-1214 and 7847-F-1215 in
Appendix B on pages B-23 to B-26.

13-
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2.9 Repetratiops
Several types of penetrations were incorporated into the containment
model. The majority were scaled from typical penetrations found in
full-size containment buildings; however, several other penetrations
were included for Sandia's testing purposes.

2.9.1 Personnel Airlocks

1. » personnel airlocks are included in the containment, installed at
the same elevation (cylinder midheight) but diametrically opposed
(180° apart). The sleeve diameter in both airlocks is avout 20 in.3

other sleeve dimeusions were scaled from full-size personnel airlocks.
The reinforcing pattern arcund the penetrations is also identical, but
he airlocks themselves are different.

One airlock uses a thick, flat plate as a pressure-unseating door so
that it may be used as a "last man out" hatct

The other personnel airlock has sciled bulkheads and stiffener pat

terns typical »f a full-size airlock. The inner bulkhead is a flat
plate with stiffeners; no door or seals are included. The uter
bulkhead has a similar suiffener pattern, but no door is represented,
all ng for instrumentation to be installed 1inside the airlock
sleeve A plcture f this airlock before the reinforcing steel and

ncrete were in place is shown in Figure 9.




2.9.2 Equipment Hatches

Two equipment hatches are included in the containment model, installed
at the same elevation (cylinder midheight), diametrically opposed, and
90° from the personnel airlocks. Both equipment hatches, {including
the sealing surfa.es of the covers and sleeves, were scaled from
typical equipment hatches found in U.S. containment buildings. Both
have sleeve diameters of about 40 in. The major difference between
the two equipment hatches is that the boss area of onre projects en-
tirely outward from the cylinder wall (Equipment Hatch A), whereas the
other boss is centered in the wall so that it projects both inward and
outward from the cylinder wall (Equipment Hatch B, see Figure 1). The
primary reinforcement around each of the equipment hatches is the
same, however, their local reinforcement is different.

Equipment Hatch A has a double gumdrop scal in the 1/2-in,-wide mating
surface between the cover and the sleeve. This is a pressure-seating
cover, i.e., as the pressure inside the containment model Iincreases,
it tends to compress the seal. This equipment hatch, as seen from
inside the containment model is shown in Figure 10.

o

Figure 10, Inside View of Equipment Hatch A.

“J 5



Equipment Hatch B has two covers, one on the inboard end of the equip-
ment hatch sleeve, which is of the same design as the pressure-seating
cover in Equipment Hat:h A, and one on the outboard end of the sleeve,
which is a pressure-unseating cover. (The inside cover of Equipment
Hatch B can be seen in Figure 1l. Also note the inward projection of
the boss.) Either cover can be used as the pressure boundary during
testing by opening and closing remotely controlled valves located in

Figure 11. Inside View of Equipment Hatch B.
the equipment hatch covers. The pressure-unseating cover has a
double-tongue-and-groove-type seal arrangement in a 3/4-~in,-wide
sealing surface. An outside view of Equipment Hatch B is shown in

Figure 12.



gure tside View of Equipment Hatch B
ed eLrati
3-i1 iiameter netrations at elevation 21.1235"
the ylinder wall ! y represent a ajor stean
i i \s a tainment expands because { ver
IDR A evere a gent the tea Line may loa
Y f its ipability to move freely This 2 d
) ieled 11 the ntainment by nnecting the
by A 19 6 -1 iiameter reinforcing bar The
wa elected by analyzing three piping systems f
tainment buildings Although the degree of
antly, a "typical® aled stiffness wWas select
; nstrair n the containment mndel One of the
trat ns and the bar sed 1 onnect it to the
petration an be seen in Figure 3

—~












‘R '
0« S
het w
) 4
L€

#

b
al
iy

W 4
AR1

rets
t |
oY
Pt
w AR
I b
! fa
s -
NM,
.l
n ¢
e
'
¥ .
+
v
with
- |
sed t
er t
T
L
L A

W

)
3
y ¥
K

£ 4

e
aa 3
ne
ion
begar
Asema

OwWe ;
T
’ ¥
L i
XtLer
I8

+}
c
|
¢
+}
a
W

Q.

oar
crit
S ¢

4
t

4
o

[
¥

{
r
¥



»

WAS

At

v
i

Jars a

sM1cC




sed ¢t form the cylinder wall, The increased circimference of the

asemat was a nmocated by placing shims at the joints of the forms
ith the 40-in.-thick basemat 1ift {n place the back up bars were set

n tog f it The back-up bars were used in the welding process

he liner section welds that came i ontact with the top surface

he hasemat I'he back-up bars spanned on¢ diameter and the {nsi
ir ference f thi ylinder wall as shown in Drawing 7847-F-1301

ppendix B The ear for leveling the back-up bars can be seen

ne same drawing With the back-up bars in place, an additi 3~1{

layer of ncrete was placed t oring the top surfaces flusl ! t
ncrete surface Figure i8 shows the back-up bars and cen she

-
- ’
Back-up Bars -

lgure .8 Back-uj Bars and } in Leveling Concrete in Place an
Ready to Re¢ ive Bottot ections of Lir r

fea r ) w ’ . . 1 { 4 » 1

A er . leveling Iree waSs laid and rowveled sm h, the in

'l I was set In place as two semi ircles These tw semf rel

ere welded together and to the enter shear lug The lower gsecti

{ ylinder wall liner end the knuckle that transiticne from the

ylinder to the floor were set .n place on the basemat Figure

Bows the lower section of the ylinder liner during emplacement

teel Dba: were hung {n a vert a1l position f1 the top edge £t

iner s t n in s eral At i About the az th 1he thickne

steel forms used to form the basemat were the same ones that were



19 setting Lower Section of Cylinder Liner int
was greater tha the lenath of the studs, al
ct A "shoe horns" as the liner was lowered int
g 1 the basemat After the vyiinder liner s«
1 steel bars were removed The cylinder liner
1t the liner £l ! The weld, of course, o
Ars that were previously embedded in the ncrete.
ntainment !

) he liner floor was not necessarily
with the necrete underneath it due ¢ neither t

mat being perfectly flat, and the lack of mechani

hick protective layer f nerete was placed

r, which protected the thin liner material as w
[ stes for the l2«in.~thick fill mat Both tt
the fill mat had a radius f 9 ft 6 in., leaving
‘ v nder wall and these ilabs per for instrun
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inspection during testing. (Details can ULe seen in Draving
7847-F-1112 in Appendix B on page B-9.) The fill mat would be used to
later support the internal platforms.

The fabrication of the liner progressed rapidly. The bhalf cylinders
were joined together to make a ccntinuous ring that was then set on
the existinyg liner sections. After the third section of cylinder wall
liner was added, the internal structure was lifted into place as shown

in Figure 20.

The internal structure supportcd the liner via internal bracing during
the placement of the concrete and later supported the internal plat-
forms. All penetrations in the liner were added at the :construction
site. The holes for the insert plate and sleeve of Equipment Hatch A
can also be seen in Figure 20, The cylinder section of the liner
progressed as in lower sections.

Figure J Internal Structure Being Lifted into Place

26



The dome sections of the liner were sent to the site in two sections

(quarter spheres) and joined together at the site. The entire hemi-
sphere was ithen picked up and set ontc the cylinder liner. The 1ift
of the dome can be seen in Figure 21. Also note the extensive inter-
nal support structure that supported the dome during its shipping and
construction.

As the liner was being erected, the more complicated reinforcing
sections were beilng fabricated at the site. Templates were built to
represent the equipment hatches, the personnel airlocks and the dome,
“be use of templates not only helped to balance the work load, but
also increased the degree of accuracy of these reinforcing sections.
The primary reinforciog around the two equipment hatches was the same,
as was the primary reinforcing around both the personnel airlocks.
This allowed the use of only two templates for the four major penetra

tions.
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The cement used in the makeup of the concrete was a Type I-IILA Port-
land Cement. The chemical composition of a typical batch of cement
used in the concrete for the containment model i{s listed in Table 3.

Table 3

Typical Chemical Composition of the Cement

N ) 3 V- U7 —

Silicone Dioxide
Aluminum Oxide
Ferric Oxide
Caleium Oxide
Magnesium Oxide
Sulfur Trioxide
Loss on Ignition
Insoluble Residue

—dajor Compounds

Tricalcium Silicate 55
Dicalcium Silicate 22
Tricalcium Aluminate -
0
0

3
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Tetracalcium Aluminoferrite 1
Alkalizs (cho Equivalent)

The specific surface of the cement using the Blaine test is 369 mzlkg.
The soundness of the cement was daeterrined by autoclave expansion and
yielded an expansion of 0.0l. The set of the cement was determined by
the Vicat method with the initial set achisved in 95 min and the final

set reached in 265 min, There was also about 8.5% air entrainment by
volume., The specification for Portland cemen:s may be found in Refer-
ence 26,

To stay within the code limite of the water-to-cement ratio and have
the slump in the 8- to 9-in. range, both a water reducer and a super-
plasticizer were needed, The superplasticizers selected also in-
creased the workable life of the concrete to about 3 b, All admix-
tures were made by Masters Bullders--the water reducer was Pozzolith
JOON and the two superplasticizers used were Pozzolith 400N and Pozzo-
lith 440N. (The 400N was used exclusively in the basemat and the 440N
vas used for all other concrete lifts.)

The basic constitvents of the concrete mix are listed in Table 4.
The cement truslo vere loaded with batchs of concrete that were typi-
cally 4 to 5 yd". Once the trucks were batched, travel time to the
construction site was a%out 45 min, The concrete was tested for slump
and if necessary, adjusted by adding more superplasticizer to the

3.
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The tests on the fresh concrete, such as slump, air entrainment, and
temperature, were conducted at the truck., All concrete used for the
casting of the specimens was taken from the hose of the concrete pump
to include any effects of pumping (such as drying of the mix). To
minimize the drying of concrete due to pumping, grout was always
circulated through the pump and then purged before any concrete place-
ment began for the day.

Vibration of the concrete mix was dune with pencil vibrators. Form
vibrators were allowed in the specifications for the construstion of
the containment, but were never used.

All cold jein®s were treated with & retardant before the concrete set.
After the concreta bhad gained a sufficient set, the cold joint was
washed with a high-pressure washer. The high-pressure water ade-
quately removed the surface latency anc exposed the aggregate at the
Joint,

There were 11 lifts used fo, the comstruction of the containment shell
and three adiitional 1i{fts on top of the basemat. There was a cold
joint between thy hasemat and each of the six cylinder wall placements
and & cold joint hetween the top of the cylinder and each of the
successive dome placements except for the fourth and fifth dome 1ift.
(No forms were used for the dome apex concreve so no cold Joint ex-
isted between the fourth and fifth dome 1ift.) On top of the basemat
there was a cold joint for the 3-{pn.-thick leveling course, which was
separated from the next 3-in.-thick course by the liner. Over the

latter 3-in.~thick course was the i12-in.-thick fill mat that supported
the internal structures.

Typically, seven cylinders were taken from sach truck for comstruction
tests of the concrete. Three cylinders were compression tested at
seven days, three were tested at 28 days, and one was tested at 90
days from its cast date, In addition to these specimens some more
samples were taken, as needed. These samples were for

¢ Conducting direct tension tests (see Section $.2.2)

¢ Assessing the effectr of filald curing

¢ Obtaining additional informetion oa time-related strength
gains (3, 4, 5 and 6 days of age)

¢ Conducting shrinkage teats

¢ British cubes (so that concrete strength could be correlated
with British Standards)

¢ Sandia's concrete testing (see Section 5.2.)

The propertiva for the concrete are reported in Section 5.2 as aizer~
rtained by testing performed at Sandia.

«3%-
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in height, although both meet the ASTM A615 standard (0.020 in. aver-
age minimum).

As mentioned in Section 2.6, the cold-swaged splices used on the
reinforcing steel could be installed with either a hand-heid hydraulic
powered press or with a bench-mounted hydraulic press. As prescribed
by the ASME code, the minimum strength of the splices should not fall
below 1.25 times the minimum specified yleld (1.25 x 60,000 psi =
75,000 psi) and the running saverage of 15 consecutive splice strengths
should not fall below the minimum specified ultimate strength of
90,000 psi.

To ensure these ASME code requirewents were met, & systematic testing
program was developed for this project. In addition to qualificetion
and special test series, about 340 splices for the #4 reiluforcing
steel were tested. Table 5 lists the ultimate strengths of the rein-
forcing bar, both swaged and unsvaged, and the ultimate strength of
the svages.

Table 5

Ultimate Strength of Reinforcing Steel and Splices (psi)

Number of Average Standard Splices
Specimens Strength Deviation Y/N Failure
*
M., 106,000 1200 No Bar
60 104,600 2800 Yes Bar
122 99,100 6640 Yes Splice

All test results presented in this table ce for #4 reinfurcing
steel

*
Used as a control-«no splices were in the specimens

.k
The 0 were randomly selected from the 218 spliced specimens that
farive in the rebar.

The 340 tests on these splices represent about 9% of the total #4
splices used in the construction of the containment model.

3.4 Linex
The liner was built in sections of 180" and attached to a stiff frame.
The frame supported the liner during transportation, liner erection,

and concrete placement., For the cylindrical sections, the frame was
made of steel stringers and webs, to which plywood was attached, The
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All subcontractors were riquired to have a quality assurance propraw.
Subcontractors who did not have an adequate QA program were required
to develop and implement their own procedures and documentation. The
subcontractor's quality assuirance programs were subject to Sandia's
4nd United's review,

United assigned a full-time, on-site QA supervisor to conduct daily
and task-specific surveil'srces of all construction activities,.

It was also {n the scope of United's quality assurance plans to ensure
that all items received at the site frum vendors, manufacturers, and
fabricaters conform to contract requirements prior to fabrication,
instaliation, and erection.

All records were controlled by the respective United or subcontractor
personnel and were stored at the site in a fire-proof file, Sandia's
QA coordinator made periodic ipspections of the files to ensure ac-
ceptable identification and retrievability of information.

3.6 Repaizs

Several emall flaws were detected on the steel liner before it was
erected. The liner arrived at the site with a few of the anchorage
studs broken off, thereby removing a small *"divot® of the liner mato-
rial. There were also some fairly deep scraiches on the liner. Both
of these types of flaws were repaired in the same manner; weld mate-
rial was addod to the defect. A scratch in the liner that was re-
paired can be seen in Figure 31,

This repair was done at azimuth 225 and at an elevation of S ft 10 inm.
on the containment model. About six similar repairs were made at
other locaticns on the liner. In the case of the broken studs, a new
stud vas installed adjacent to the repair.

After the removal of the internal support framing, three holes were
found i{n the liner. Two of the boles were crused when Lhe support
frame was removed. When two of the threaded studs that held the liner
to the frame were broken off, the liner material was torn. The cause
for the third hole appeared to be from a stray weld urc, and wvas about
the same size as holes caused by the threaded studs: 3/16-in. in
diameter., This latter hole is shown in Figure 32.

To repair these areas, a small slot was ground through the defect and
a small piece of steel was inserted between the liner and the concrete
to serve as @& baclup bar. The =lot was *hen plug-welded as can be
seen in Figure 33,

40~



There were also repairs made to the concrete shell of the containment
\ -
- .

mode hree voids were found between the cylinder wall and the first
wall 1ift. A fourth area was damaged during construction. The loca-

tion and size of these areas are shown {n Drawing 7847-F-1280AB in
Appendix B on page B-43
Figure 34,

A picture of one of the voids is shown in

A

All of the unsound concrete was chipped away to reveal sound concrete.
The remaining hole was then shaped (by removing sound concrete, it
necessary to ease the placing of the repair concrete. The exposed

ncrete surfeces were covered with an epoxy-bonding compound Ddefore
the repair concrete was placed To form the area, a small wooden box
was made. The top of the box extended above the repair, which allowed
the hydrostatic weight of the concrete to aid in the ccasolidation of
the repair concrete. Figure 35 shows the wooden box filled with the

repair concrete
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3.7 Eacility Work

The ~ontainment model was constructed at a remote site in the same
location as the previous containment model tested by Sandia: the
l:8-scale steel containment. To prepare for thu construction of the
reinforced-concrete containment, work pads for the previous test had
to be removed, and areas graded for the several work areas needed for
the concrete containment,

A roof was also placed over the containment model. This afforded some
wveather protection during the instrumenting of the containwent model
and was also used to attach some of the still and video cameras used
during testing of the containment model.

il



4, INSTRUMENTATION

The containment model was instrumented to assess its structural be-
havior, which includes large strains and displacements, as well as its
leakage characteristics during testing, The transducers used to
accomplish this goal are connected to & group of clusteied data ac-
quisition and control units located in the signal conditioning bunker,
adjacent to the containment model, Data scans are transmitted to the
data acquisitior computer, locsted im the command bunker about 1500 ft
away from the containment model. The site layout is shown in F¥ig-
ure 17.

The majority of transducers on the containment are strain gages and
displacement transducers, Over 300 strain gages were attached to the
reinforcing steel during construction and over 160 strain rosettes,
(480 gages) 160 si ple and strip gages, and over 30 thermocouples were
applied to the steel liner. Also embedded in the concrete wall are
about 40 thermocouples and 20 embedment gages. There are cver 130
displacement gages located about the containment model. Including
other groups of instrumentation, this brings the total number of
transducers to over J200. A list of the transducers that will be used
for the contaioment test can be found in Table 6. In addition to
these discrete transducers, several video and still cameras will be
used during testing to provide both qualitative and guantitative data.

Table 6

Transducers Planned for Containmen* Tasting

%% Weldable Strain Ceges on Rebar
79 Bondable Gages on Rebar

i8] Rosettes on the Liner (48) gages)
i01 Strip Gages

59 Single Gages

137 Displecement Transducers

73 Thermocouples

17 Embedment Cages

Preceure Cages

RTDs

inclinometers

Veatber Channels

Load Link

-
Ll =

-

1224 Total Transducers

RNl i i



ELDG

SIGNAL
CONDITIONING
BUNKER

9800

COMMAND
BUNKER




transducers that require calibration were calibrated at Sandia
ng standards that are traceable to the National Bureau of Stan-
is Manufacturer's calibrations were not used, which ensured that

alibratior did not hange or that the tronsducers were not in
¢ way damaged during shipping.

f ti nstrumentation on the containment model is graphically
ented in F.gures 42 to 61, which are groupesd together aL the end
this chapter Further information on the instrumentation may also

f i in Appendix A Type and Location of Instrumentation.
=ilraio Cages
apsulated, weldable gages of a single-element NiChrome design were
i nantly used on the reinforcing steel. Their small size allowed
n t be spot-welded to the reinforcing stecl with minimal distur
e to the ba Figure 38 shows the gage attached to a #4 reinfore
bar Alth the geag s are quite durable, they wvere ated with
jcone rubber and potted in epoxy to protect the gage during instal-
n and placing of the ncrete The weldable gages are capable of
suring ¢ t 7% strain as determined by tests conducted at Sandia
nufacturer's claims are to 2% strain)

Reint:

rein

®



Special attention was also given Lo the strain velief loop on each
weldable strain gage. The strain relief loop is placed between the
gage and the leadwires. This loop must be allowed to straighten as
the reinforcing steel lengthens under load. To ensure tnat the loop
could move freely, a dadb of silicone grease wvas placed under the loop
before it was sealed with silicone rubber and potted in npoxy. A
cross sectivon of the potted gage is shown in Figure 39.

Figures 49 to 57 show the location of the strain gages that were

attached to the reinZorcing steel and/or embedded in the containment
wall,

SILICONE
VACUUM
GREASE

SILICONE
ROOM TEMPERATURE

ANIZING RUBBER
stham  VOLC

GAGE

Figure 19, Cgross Section of a Strain Cage on a Reinforcing Bar.

The majority of the gages on the liner are three-arm 45' rosettes,
which are made of Annealed Constantan and have a polyimide backing.
Although the liner must be carefull, prepared and the Armstromg Al2
epoxy must be heat-cured for several hours, the rosettes are capable
of measuring strains to 208 [27). Single gages and strip gages with
the seme properties as the rosettes are also used at various places on
the containment limer. The strip gages are made of 10 single gages
attached to a common backing and are used to measure strain gradients.

-9



Two styles of strip gages are used: one has an overall length cof
,79% in., each gage being 0.062 in. in length; the second style has an
overall length of 1.59 in., each gage being 0.125 in. in length.

Figures 43 to 47 and 59 to 61 show the gages that are attached to the
liner.

4.2 Displacement Iransducers

Nearly 140 displacament transducers are used on the containment model.
Linvar potentiometers and Linear Variable Differential Transformers
(LVDT) are used to measure displacements of & in., or less. They are
predominantly used to measure local deformations of the penetrations
and to menitor crack widths during testing,

Cable potentiometers, with maximum ranges of 5 to 300 in., are used to
measure the displacement of the model. Several displacement trans-
ducers are attached at discrete locations to measure global deforma-
tions of the conta.mment, and to augment them, 9J-track transducers
were des.gned and Muilt, which are disco i vsed later.

Most of the global displacsments will be measured from the iaternal
column located {m thr center of tha containment. The c¢olumn is
treated as the reference system upon which all other ({nternal global
measurements will be based, Soms . asurementy will also be taken from
the internal platform in the containment model!. To correct for rela-
tive movement between the column and platform, messurements will be
taken between the iwo. Figure 58, detail 11, shows the Ilozations of
the displacement transducers used tn measure the relative motion
between the platform and the reference column,

Figure &8 shows the location of the displacement transducers on the
cortainment mode!l that are used to measure global response. Fig-
ures 59 to 61 show the instrumentation located around the major pene-
trations,

The track transducers are; as their name implies, mounted on tracks
and powered by & gear motor as shown in Figure 40, The motor pulls
the transducer along a track, while an arm follows the contour of the
containment. Each track system has two transducers mounted om them:
one will measure the location along the track, while the other will
measure the movement of the track-arm perpendicular to the track.

Nine track systems will be used during testing. One track is lucated
in & horizontal position and will measure the *dishing® of the base-
mat, The remaining eight systems will measure displacement ol the
cylinder wall. Four track systems are located below the two eguipment
hatches: two inside and two outaide the containment, The remaining
four track systems are located next to the two personnel airlocks and
travel the length of the cylinder, about 20 ft. Twe of the tracks are
inside and two are outside the containment.
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Figure 41

A T)’;"IXC‘I Embe” 2nt G.“e.

three sensors will be used to me.sure the uplift of the basemat by
attaching them to a beam th.c rests on the edge of the basemat while
the other end of the be»~ is supported and allowed to pivet about a
column that is8 lecsted rodially about 10 ft from the basemat edge,
Sve Figure 58, %y knowing the length of the beam, the tilt measured
can Le conver’-J to & measurement of the basemat uplift,

[he th:.e weather channels will mzasure wind speed and direction, and
bar wetric pressure Anblent temperature will be measured by using
t.ermocouples,

Pressure will be measured by five pressure transducers., Two are
iuartz manometer type traunsducers that measure absolute pressure, The
three remaining pressure transducers measure gage pressure,

Thirteen resistance temperature detectors will be used in the contain-
ment model to measure the gas temperature during leak-rate measure-
ments,

A sing:e load link will be used to measure the force in the reinfore-
ing bar that nnects the tw« nstrained penetrations See Sec

tion 2.9.3

4.6 Qpiical Loverage

Although subject to change, 18 still camera stations will be located
about the ¢ tainment at the time of the high-pressure test. Twelve

.
(5



of the stations will be adjacent to the model and focused on par-
ticular areas of interest; the remaining six stations will be located
at a distance and photograph an overview of the containment during
testing, Twelve video cameras (including monitors and recorders) are
also planned for use during high-pressure testing; one of these will
be inside the containment model. The feedback from the cameras will
be wused extensively during high-pressure testing to aid in selecting
pressure step size, determining the length of hold periods, and pos-
sibly for selecting specific transducers to monitor in areas exhibit-
ing interesting or unusual behavior.

4.5 Acouatic Coverags

The monitoring of ecoustic emissions in a complex reinforced-concrete
structure is ot a well-defined technology. Few previous experiments
on acoustic monitoring of reinforced concrete have been conducted, let
alone reinforced concrete stressed in biaxial tension. The primary
purpose of the acoustic system is to determine if a leak is present in
the containment model and to give a vicinity of where it is leaking,
but wot a specific location, The placement of eight, low-frequency
acoustic sensors in the containment model will be based on areas where
leakage is most likely to occur. For this experiment the acoustic
sensors will be placed near the major penetrantions and near the hase-
mat-cylinder wall junction,

The acoustic system {s based on an extensively modified Acoustic
Emission Technology (AET) Model 4900 [28). The system was also modi-
fied for wuse with a MicroVax Il computer. The sensors chosen are
manufactured by Physical Acoustic Corporation and have a maximum
responss between 30 kHz and 100 kHz., The sensors have an internal
amp!ifier that boosts the signal by 40 4B, which is again amplified
another 40 dB at the AET 4900,

The data from the sensors will be processed for both burst noise and
steady-state noise. Although it is not possible to totally separate
the two types of noise with any system, it i{s estimated that more than
901 separation can be achieved in the containment experiment.

As leaks are jetected with the acoustic system, test personnel can
determine the leak rate by conducting mass measurements of the gas in
Lhe containment over & period of time if leakage is small or by the
use of flow meters if the leakage is larger.

-
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5. MATERIAL PROPERTIES TESTING

Material properties are the crucial link between the containment model
and the finite element analyses. In addition to the many material
tests conducted during the design and construction phases of the
containment, Sandia has taken material specimens and has conducted
additional material testing. Since the material properties are impor-
tant, more material samples we~e taken than those needed for tests
presented in this report and may be used later for yet undefined
material testing.

5.1 Seil Testing

A plate-load-bearing test was performed in situ on the fill soil under
the containment model by Western Technologies, Inc., (Note that a
reinforced-concrete working mat was placed over the soil and the
containmeut model was built on top of the working mat.) The fill soil
was imported to the site and compacted to a thickness of about 15 {»

to replace a concrete slab that was removed with the last containment
model., The tests were conducted in accordance with ASTM D-1194 [29)
by loading three plates--12, 18 and 30 in. in diameter--while
deflections were measured by two dial gages 180° apart on the plates.
All tests ware conducted on the soil at its existing water content.

Each plate was loaded and unloaded in about 2 h. The pressure and
deflection measured during testing for each plate is listed |in
Table 7,

The plates were all within the outline of the basemat and each test

war located at lcast a couple of plate diameters from other plate
tests,

Six soil t-,to on the imported soil indicated a maximum dry density of
137.2 1b/ft” with an optimum moisture content of 6.9%. The natural
soil below the import soil was also tont!d. The maximum dry density
for the five samples tested is 127.6 1b/ft” with an optimum moisture
coutent of 8.9%, The in-place characteristics of the subgrade soil
are listed in iable 8.

5.2 Congrete Testing

All fresh concrete testing was conducted at the site by Western Tech-

nologies, Ine., (30, 31]. They also completed the strength tests of
the concrete per ASTM C39 (52] for c¢.astruction purposes. See Sec-
tion 3.2. For purposes of analysis more data were obtained. Typi-

cally, fifteen cylindrical specimens were taken for each lift {n the
containment shell, as well as three dogbone-shaped specimens for
4irect tension testing.
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Table 7

Plate Pressure and Deflection for the Subgrade Soil
of the Concrete Containment Model

2 18-in, Plate 30-in, Plate
* ok

Bressure Deflection Pressure Deflection PRressure Deflection
2715.8 0.020 1207.0 0.015% 348.6 0.004
2928.5 0.025 1301.5% 0.024 611.2 0.009
4329.0 0.036 1924.0 0.037 916.7 0.021
5602.3 0.08% 2489.9 0.051 1234.5 0.036
7002.8 0.089 3112.) 0.094 1527.9 0.053
8403.4 0.104 3734.8 0.123 1833.5 0.064
9676.6 0.119 4300.7 0.143 2139.0 0.079
10949.9 0.150 4866.6 0.169 2281.6 0.084
12350.4 0.160 5489.1 0.194 2444.6 0.103
13751.0 0.18% 6111.% 0.210 2628.0 0.103
8403.4 0.176 3734.8 0.204 1752.0 0.099
2928.5% 0.163 1924.0 0.186 896.4 0.091
0.0 0.122 0.0 0.131 0.0 0.087

B
axfressures are in pounds per square foot,
Deflections are in inches.

Table 8

In-Place Characteristics for the Subtgrade Soil
of the Concrete Containment Model

Teat lmport Soil Native Soil

Moisture Dry Density Relative Moisture Dry Density Relative
(20 _1n/ee’  Compast.(X) (%) _ ib/er’  Gompact.(X)
1 7.8 133 1 97 10.4 119.4 9
2 7.4 122.7 93 9.3 120.8 95
3 7.9 127.0 93 11.9 119.1 93
4 7.0 127.7 93 11.9 120.8 95
] 2ok 127.5% 93 12,3 122. 4 96
6 7.3 131.0 95
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To analyze the containment, the following additional properties of the
cured concrete were needed:

® Stress-strain ¢ylv: for uniaxial compression
® Stress-strain curve for uniaxial tension
e Split cylinder strength.

Some tests completed during the design phases of the containment were
repeated at Sandia. Concrete/stud interaction tests were modified and
repeated using actual construction materials. The results from these
tests are in Section 5.2.4.

All concrete testing conducted at Sandia used one of two MTS servo
controlled loading frames. One was a 220,000-1b load frame while the
second had a 1,000,000-1b capacity. All test specimens were loaded
using stroke control on a machine-mounted LVDT. Data were gathered
during tne tests with the use of a Digital Equipment Corporation's
(DEC) LSI, and later transferred to a DEC VAX for plotting. All
transducers used for testing--both load cells on the load frame and
displacement transducers on the load frame and specimen--have calibra-
tions that are traceable to the National Bureau of Standards.

5.2.1 Compression Testing

For determining the stress-strain curve for unconfined uniaxial com-
pression of the concrete, a standard (6-in.-diameter x 12-in.-long)
cylinder was used. The end. of each of the specimens were ground flat
and parallel to minimize end effects. Figure 62 shows a specimen
veing prepared. Water was used as the cutting fluid/lubricant. Each
specimen was dimensionally inspected per ASTM C39 (32] before being
compression-tested.

ASTM C39 [32] procedures were followed for the loading of the specimen
and the addition of two radial displacement transducers and a lon-
gitudinal transducer were used to measure loading~induced strainas.
The two radial displacement transducers measured lateral strains at
about mid-height while the longitudinal strain wes measured by “he

longitudinal displacement transducer. A typical test set up is shown
in Flgure 63,

Note the use of the spherically seated loading platen and the metal
plates used between the specimen and the loading platens. The gage

length used to measure the longitudinal strains was typically about
4 in.

The concrete was typically tested at ages of 28 ays, 4 months,
6 months and again at the time of the containment test, Plots of the
results at these times are shown in Figures 64 to 67,

lThil work was conducted at Sandia in the Ceomechanics Division by
Michael J. McNamee.
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Figure 64. Concrete Compressive Strengths at Specimen Age of 28 Days.
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Figure 65, Concrete Compressive Strengths at Specimen Age of 4
Months,
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Figure 66. Concrete Compressive Strengths at Specimen Age of 6
Months.
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Figure 67, Concrete Compressive Strengths at Contaimment Test Time,.






Stress [psi)

fairly consistent, Figure 69 shows the data pairs for four direct
tension specimens. Testing was conducted at the time of the contain-

ment test.
Direct Tension of Concrete
at Time of Containment Test
400 T T T T T T T T T T T T T
350 "1” -
-”'.,-'
300 —~
259 -
200 —
150 -
- 239-30-C "
o — — 323-46-G
------------ 239-411-C
50 -~
0 1 1 1 1 L 1 | 1 L
0.000 . 0.006 0.008 0.010 0.012 0.014
Strain (%)

Figure 69. Results of Direct Tension Tests of the Dogbone-Style
Specimens.

Since there were ‘wo LVDTs per specimen, there are eight lines for the
four specimens tested., Other dogbone style specimens were tested, but
were so poor in quality the results are omitted from this report.

One other specimen was tested in direct tension., A standard 6-by-12
cylinder was ground {nto a necked-down shape and ends were epoxied to
it. The spacimen was instrumented and loaded using chains, as can be
seen in Figure 70. The specimen failed in the reduced area just
outeide the instrumented region.
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Stress (psi)

Ground Specimen

400 T -1 T T
350 .
300 -
250 o
200 -
150 .
100 .
50 -l

0 | ! 1

6.000 0.008 0.010 0.015 0.020 0.025

Strain (%)

Figure 71. Stress-Strain Curve for Direct Tension Testing of the
Ground Specimen.

Table 10

Splitting Tensile Stress of Concrete (psi)

Time of Number of Average Standard
Test Specimens Stress Deviation
28 days [ 385 27
4 months 10 479 43
6 months il 498 39
at test time 10 449 29

84~






threaded studs
used to load the embedded
Figure 73.

stud.

-
| ———— —— ~—_—“

le—— @ ~—of

-

Figure 73,

A l/é-<in.-thick steel
specimen via the threaded studs,

were attached at the corners of the specimen and were
A sketch of the specimen i{s shown in

Y4-20 Studs (4) Places
Welded to Plate

Embedded Stud
VOH LOH'. '“h
0.33 Dia Head

Specimen to Test Stud Pullout

plate and eye-bolt assemdbly was bolted to the
The
specimen were aligned in the load frame.

block and the test
The load was introduced by a

concrete

chain coupled with a load cell as can be seen in Figure 74,
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Table 11

Summary of Results for Pullocut Tests of 3/4-in.-Long Studs

Maximum
Specimen ID Load Failure Mode
(lbs)
CONP11 983 Concrete failure, stud pullout
CONPL2 853 Fixture failure
CONP13 1089 Concrete failure, stud pullout
CONP14 1016 Concrete failure, stud pullout
CONPLS 1104 Liner tear at stud weld
CONP € 1060 Concrete failure, stud pullout
CONP1L?7 1010 Concrete faiiure, stud pullout
CONP1S8 1042 Stud weld failure (no hole in liner)
CONPL1Y 1075 Liner tear at stug weld
CONP10O 1088 Concrete failure, stud pullout

CONP18

Figure 75. Typical Fallure fur Stud Pullout Tests,
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Figure 76. Specimen to Test Stud Shear Behavior.

With the specimens using multiple studs, it was anticipated that there
would be some rotation of the specimen due to the load not being in
line with the studs as studs failed. Although this rotation was
observed and measured, it did not affect the results as much as an-
ticipated. The average maximum load per stud was 1199 1bs, 1521 1lbs,
and 1417 1bs for the aingle-stud specimen, the two-stud specimen, and
the four-stud specimen, respectively. The results from the ten shear
teats are presented in Table 12.

5.3 Steel Iegating

The testing of the steel constituents of the containment model was
conducted at Sandia. A detailed report of the testing has been pre-
pared ([136] that describes the chemical composition of the steels, the
effects of creep on the material properties, and the effects of con-
struction practices on the prediction of yield and fracture stresses
(such as cold working and the Bauschinger effect),

Some of the plots of the material properties found in Reference 36 are
reproduced here,

$5.3.1 Reinforcing Steel
The majority of the reinforcing steel used in the construction of the

containment model was #4, which has a noninal diameter of 1/2 inm.
Other sizes of reinforcing steel were also used: #6, #5, and #), as
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Table 12

Summary of Results for Shear Tests of 3/4-in.-Long Studs

Maximum Displacement Load Displacement
Specimen  Number Load at Max. Load at Failure 2t Failure Failure Mode
1p Studs (ibs) (in.) (1bs) (in.)
CONT11 1 1440 0.066 1095 .070 Shearing of stud material
CONT16 1 1136 0.039 1042 .052 Failure of weld
CONT17? 1 756 0.012 756 .012 Failure of weld
CONTI1® i 1463 0.038 1149 .054 Shearing of stud material
CONT22 2 3023 0.027 2801 .055 Shearing of stud material
CONT24 2 3165 0.025 2708 .043 Shearing of stud material
CONT2S 2 2940 0.036 2563 .053 Shearing of stud material
CONT43 - 5729 0.014 5030 .043 2 studs shear
2 weld failures
CONTSS - 5356 0.034 4818 .052 3 studs shear

1 weld failure

CONT&O - 5918 0.028 5171 044 Shearing of stud maturial
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Figure 78. Typical Load/Enginecering Sirain Curve of the #4
Reinforcing Steel.

5.3.2 Liner Material

The liner material was also tested for both its chemical and struc-
tural properties [36], Some typical engineering struss-strain curves
are shewn in Figure 79. The curves included in this figure were

tested both parallel and perpendicular to the major rolling direction,

The stress used for plotting Figure 79 (¢« based on the actual material
thickness, which is Q. 0680 in. thick.
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Figure 79. Engineering 3Stress-Strain Curves for thas Cylinder Liner
Material,

The liner material wused {n the dome was also tested, Samples werc
taken both before and after the dishing operation was performed.
Figure 80 shows the results from these tests. A8 with the ¢)linder
material, specimens that were taken both paraliel to and perpendicular
to the major rolling direction are plotted in the figure.

The stress plotted in Figure 30 is based on the actual material thieck-
ness, not the nominal thickmess, The thickness of the dome liner
matarial is 0. 090 in. A well-defined yield plateay was not present in
either the virgin material or the dished material.
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Stress (ksi)
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Figure 80. Engineering Stress-Strain Curves for the Dome Liner Mate-
rial.

The insert plates thau surround the penetration in the !iner are made
of 4516 steel, with a thickness of 0.20 in. The engineering stress-
strain curves for six vamples of the insert plate material are plotted
in Figure 81.

5.3.3 Veld Material

The etrength and ductility of the weld material xas ‘lso analyzed
during the course of material testing. A stress-straim cucve for the
all-veld metal is skown 1n Figure 82 fuor the weld metal used for
liner-to-liner welds in the vylinder. Additional all-weld and cross-
we.d wsamples were mace ana tested. The results from these “ests are
published in Reference .6.

The welds were found to be stronger than the material joined and the

ductility of the all-weld moterisl samples ranged from 8% to over 20%
strain with a gage length of abuut 2 1/2%,
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Figure 81. Engineering Stress-Strain Curves for the Liner Insert
Plates,
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¥igure 82. Engineering Stress-Strein Curve fcr All-Weld Metal Taken
From a Cylinder Liner to Cylindur Liner Weldment.
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5.3.4 Tests of Reinforcing Steel Sp“cul

Aithough many construction tests c¢n the splices were performed during
the course of constructiop, these tests only provided streugth data
and failure modes. A few splice specimens were tested at Sandia to
determine the strain in both the bar and across the splice. Four of
the samples and the attachment ~f instrumentation are sketched in
Figure 83a-d, The measurements of the samples tested are listed in

Tabhle 13,
Table 13
Splice Samples Tested
Total Bar Lenth Joint Length LVDT Gage Lengths*
Joint Type Size (in.) (in.) Rebar(in.) Joint(in.)
None o 32.0 12.0
Swaged 4 32.0 4,378 8.0 3.75%
Threaded - 31.87% 6,125 9.0 5.78%
Threaded
Coupling 4 31.875 8.0 8.0 7.3

*fee Figure 82.

The splice sovecimens were tested in a 229,000-1b. testing machine with
& constant rate vram displacene ® of approximately .005 irn./u. As
shown in Figure 83, the LVDTs we:. 1. 1d to vhe specimen in two ways:
spring-loaded clamps and epoxy. Mechine 1load aud stroke and the
strains calculated from the LVDTs vere recorded during the test. The
amount of pullout of the reinforcing steal from the splize war mea-
surad with » steel ruler.

The results of the splice testing are shown in Table 14. All strain
values listed in Table 14 arc as mcasured at maximum losd. By wmeasur-
ing the strain of sections of the spesiyen, the strain in a section
ané interaction with other secticns can be deducved; howevor, the
method in which total strains were calculated needs some explanation.
The total bar strain was calculated by adding the displacements of the
sections as measured by the LVDTs, adding in the amount of slippage of
the reiaforcing steel from the splice and dividing the sums by the

‘ruxo work was conducted at Sandia in the Ceomechanies Division by
Mark E. Stavik.
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Results of Splice Tests

Table 14

Rebar Joint
Max Load Strain Strain Total Bar
Sample ID Joint Size (Kips) (T) (%) Strain (1) Comments
REBARI (None ) K 19.8 12.1 10.1
REBAR2 (None) 20.6 10.0 i0.0
REBAR? (None ) 20.5 10.4 10.4
FT1 Swaged 4 19.7 9.4  0.36 8.3
FT2 19.4 10.7  0.51 9.5
FT3 19.¢ 1.9 0.20 10.5
FT4 19.1 g.6 0.18 2%
e 29.1 11.0  0.05 9.7
FT6 20.0 9.2 0.2% 8.2
FT? 20.3 10.8 0.11 9.4
FT8 20.4 8.6 0.10 1.7
FT9 20.8 10.7 0.08 9.5
FTI1215 Threaded & 21.0 8.9 0.48 7.5
FTi1i4 ?1.0 9.3 0.39 5% |
FT1013 -- -- -- - Jaws failed!
FT1619 Threaded Coupling & -- -- - - Jaws faileal
FT1720 20.8 11.6 0.39 9.0
FT182! 20.5 1C.1 0.49 7.9

iClamping jaws failed before naximum load was reached.




Load (kip)

entire bar length (including the section of the Lar that was in the
jaws of the testing machine.)

A typical engineering load-strsin plot for the sections of the spliced
reinforcing bar is shown in Figure 84.

The amount of slippage of the reinforcing steei from each end of the
splice was approximately 1/16 in. in every test. In every test pre-
sented, failure occurred in the reinforcing steel, (In two tests the

testing jaws failed, however, the results from these tests Are not
presented. )

Other steel materials were used in the construction of the containment
model. Information on these other materials as well as additioaal
information on the liner material may be found in Reference 36.

Swaged Joint Sample FT7
250 | . | T T 1 L § e |
load-strain
15.0 results coincide
up te this strain
level for the two
rebar sections.
e ———— Rebar Sections
- Joint
50
0.0 L +
0 3 6 9 12 15 18 F3
Strain (*10°7)

Figure 84. Typical Engineering Load-Strain Plot for Sections of a
Spliced Reinforcing Bar
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6. CONTAINMENT TESTING

The model will be tested much as a full. size prototypical) containment
would be, that is, a Structural Integrity Test (SI™) aud an Integrated
Leak Rate Tost (ILRT) will be conduc.ed. A computer-controlled valve
gallery controls gas f'ow both iato and out of the containment model.
The valve system has a maximum flow rate of 6 lbm/s, allowing a small
increase (n pressure to be applied in fractions of & minute.

6.1 Rlacs for Low-Pressure Teating

After all insirumentation has been checked, the containment model will
be pressurized in five steps, using dry #ir, to 53 psig, 1.15 times
its design pressure. Inspection of the containment model, including
measyucing and mapping cracks in specific areas, wi'l be conducted at
each pressure step. The pressure in the containment model will be
reduced back to ambient in five steps; however, crack mapping will be
conducted at ambient pressure only. A full scam of all transducers
vill also be conducted at each step as pressure i{s both increased and
decreased,

Following the SIT, instrumentation will be added to the cracks that
formed during testing. Twenty displacement transducers are reserved
for attachment across cracks, and about 40 strain gages will be used
to measure strain in the vicinity of the cracks (both on the concrete
and at the liner). An ILRT will be conducted after the SIT.

The ILRT will be performnd at 46 psig and leakage will be brought inte
iess than 0.2% mass/day. The method for calculating the leak rate is
based on ANSI 56.8 [37). Twc methods, %otal time and mass-point-leak-
rate, wils be used during leakage testing. Following the ILRT, small
orifices wili be placed in the containment model (through a port at
the valve pgallery) and leakage will again be measured. This will
serve as a check on the implementatiun of the ANSI leck rate equa-
tions.

A flov meter will be used to measure larger leaks, should they oceur
furing high-pressure testing.

6.2 Rlans for ligh-Pressurs Iestiug

High-pressure testing will be conducted as a continuous test, being
manned 24 b a day. Nitrogen gas will be used to pressurize the con-
tainment for high-pressure testing. The nitrogen will be trucked to
the site in liquid form and gasified as it enters the pressure lines.
In this way, & large amount of gas is avallable and can be fed into
the lines at high flow rates if significant leakage develops during
testing.

Initial pressure steps will be about 10 psi and will be reduced as the
containment begins (v respond nonlinearly. The temperature ino the
containment is controlled to slightly above ambient. Shortly after
each pressure step all transducers will be scanned. As these data are
being reviewed, selected transducers on the containment model will be
scanned to monitor creeping of the model, photographs will be taken,
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and the model will be surveyed with the remotely controlled video
cameras. It is anticipated that these activities will take about | h.
It i{s also anticipated that the ceontainment model will not fully
stabilize, especially at bhigher pressures during this time. The
pressure will, nevertheless, be increased to e next pressure step
after another complete scan of the transdicers has been completed.
This sequence will be completed several times until the contaioment
model falls. Intermittently throughout this sequenc? of trausducer
scans and pressurization, leak-rate measurements will be taken, The
frequency and Jduration of leak-rate measurements will depend on test-
ing conditions, the state of the containment model, and feedback from
the acoustic emission system,

The test will be terminated when either excessive leakage or struc-
tural fallure of the containment model occurs. Obviously, leakage out
of the containment can only be fed if it does not exceed the system's
capacity. The leakage could be due to excessive deformations around
penetrations or due to & l!ocal failure of the containment shell.
After depressurication and ipspec. ~n of the containment, the model
may be repaire’' and retested.

An  ‘nergetic failure of the containment model may also concliude the
test. This type of failure is usually sssociated with a more complete
failure of *he containment model and is not conducive to repair or
retesting. 'he containment model is scheduled to begin low-pressure
testing in Jul} 1987, followed by high-pressure testing.
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7. ANA_YSES

Performing an adequate analysis of the containment model subjected to
overpressurization is indeed the motivating factor behind this testing
program, This experiment is seen au & challenge to the analyst and
the analyst's toolas, It is highly impractical to test every design of
containment according to every accident scenario because of time and
cost considerations. The intent of the program has heen to generate
data that can be used to qualify analytical tools. These analytical
tools can then be used to extrapolate the performance of full-size
containment buildiogs subjected to hLypothesized severe accidents. To
this end, Sandin, as well as several other national and {nternational
organizations, conducted pretest analyses of the containment building.
The following list identifies the groups that participated and are
published in Raference )8:

® Sandia Natioral Laboratories (USA)

@ Argonne National Laboratory (USa)

¢ Flectric Powei Research Institute (USA)

¢ Commissariat a 1'Energie Atomigque (France)

¢ HM Nuclear Installations JInspectorate (U.K.)

¢ Comitato Nazionale per la ricerca e per lo sviluppo dell-
'Energia Nucleare e delle Energie Alternative (ENEA) (Italy)

¢ U.K. Atomic Energy Authority, Safety and Reljability Direc-
torate (U.K,)

¢ Cesellschaft fuer Reaktorsicherbeit (GRS) (Federal Republic of
Cermany)

® Brookhaven National Laboratory (USA)
¢ Central Electricity Generating Boerd (V.X.),

Each group that performed an analysis was given detailed conmstruction
dravings and specifications, and actual material properties of the
construction materials as they became available. Each organization
vorked iodependently using an analytical method of ite choosing. The
results of these analyses are presented in Reference 38, Further
pretest analyses performed by Sandia can be found {a Referconces 39,
40.
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A-1. INTRODUCTION

This series of mechanical inspection reports was pr-duced by Paul Lefebre
and David Leyva of Sandia's Mechanical Measurements Division. The measure-
ments, explanations of the measurements, and drawings of siveral features
of the containment model are included. Some instrumentation, however, is
not included in this appendix: the instrumentation that was embedded in the
containment wall. The information on the embedded instrumentation may be
found in the dravings included in the body of this report.

Accuracy of Measurements

Linear measurement i{naccuracies were maintained within 1/8 in. and angular
measuring inaccuracies vere maintained within two minutes for the measure-
ments presented in this appendix.

Summary

This report documents the mechanical measurement tasks that were performed
on the 1:6 reinforced-concrete model located at the 9806 test area. Gen-
eral measurements of the reinforced-concrete model (rem) are included along
with detalled measurement data for particular features, strain gages, dis-
placement gages, thermocouples, acoustiec sensors, tilt sensors, and related

internal and external structures. The measurement data are presented in
pictorial form in the appendix.
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A-2. GENERAL INIORMATION

Location, Size, Inward Projection of Penetrations
Vertical L-o~aticns of Concrete and Cratings

Vork this report with drawings Al, A5,
of this appendix.

or A8, which are located at the end

Detail Azimuth Vertical Inware Project Diameter
EH-A zero set 156.320" 4. 450" 0.D. 41.00*%
P17 — 1N -
EH-B 180.008 187.220" 10. 150" 0.D. &1.100°
15-A 159.602
—a01.266
E-1 $1.02? 106,625" 0.Db. 7.2%0"
E-2 62.753 106,625" 0.D., 2.75%0"
5-3 34,702 117.200"
PV T 5 — - -
E-3 39.09%0 158.550" 0.D. 2.72%0"
E-é $0.823 158, 400" 0.D. 7.7%0"
E-S 62,465 158.35%0" 0.0, ?7.250"
25-A 34,516 169.625"
il A23 | _J68.623° =
PL-A 89.881 156.430" 4. 400" 1.D. 20.000%
¥ T W—— T 1T} ~Sane. 00"
R-1 134.975 241.440" 3.%00" 0.L. 8.600"
LY W— T 77— sane. L.D,.22,800°
A 234,497 106.450" S.700" 0.D. &.%00°
B 226.706 115.488" 4. 930" 0.0, .32
C 230.612 115.410" 4.850" 0.D. 2,380"
D 234.519 135.9%%" &. 750" 0.D. 2.)90"
I 230.577 106, 300" 4. 850* 0.D. 8.5%0*
24-A 222.192 119.600"
sl 001 | 92.90Q°
PL-B 269,972 156. 560" 4. 350" 1.D, 19.100"
B EY SR— 7 7T W—— T . L0, 22,9000
R-2 314,943 241.500" 3,.500" 0.D. 8.680"
4 £ W T T . sane ‘ s o
P 329,908 45.100" 0 I.D. 3.0%%*
& B W— YT _sace LB A6, 623"
BT™/Contmnt 24.000"
Concrete 39.75%50"
Crating 133.500"
Crating 229.400*
Crating 325. 400"
Dome/cy!l 287. 625"
d2p Column —adi 820" s
A-6&
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A-3. STRAIN GAGE DATA

Deacription of Coordinate Systems

1. The location of each gage is described using the (a) global, (b) local,
or (¢) cartesian coordinate system as defined bdelow., The coordinate
system (a, b, or ¢) used to describe the location of each gage is noted
in column 4 of the listed data.

a. The global coordinate system is used to describe the location of

gages about the vessel. Angular location of each gage is in a
clockwise direction from penetration EH-A centerline (00 de-
grees) as viewed from above the vessel. The vertical location
of each gage is from a benchmark located outside the vessel and
marked -1.6%7 f¢t,

The local system is used to describe the location of gages about
the penetrations. The local system is & cylindrical system with
the zero-degree orientation at the top and angular increases in
the clockwise direction (viewing the penetration from inside the
model). The linear measurement recorded indicates gage location
relative to the data identified on the detail draving of the
related penetration.

The cartesian coordinate system is used to describe the location
of gages located on flat fesrures of penetrations (i.e. PL-A).
The center of the penetration is the origin of this system with
the "x" axis being bhorizontal location and the "y* axis being
the vertical locatica (as viewed from inside the model). The

sign preceding each recorded value (is pictorially represented
below,

Ye

2. All strain gages of the same type are listed together in sssigned numer-

ical

sequence.

3. The measured point of each 45-degree rosette is the intersection arrow
on each gage,
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4. The orientation of each 45-degree rosette is represented using the quad-
rant system pictured below (viewing the gage). The intersection arrow,
located on the gage, points to the intersection of the quadrant lines
(x) in all cases.

Quadrant 2 Quadrant |

Quadrant 3 Quadrant &

$. The measured point of each 7ingle strain gage, strip strain gage and
Tee-Rosette strain gage is the center of the gage as pictured below.

Single Strain Cage Strip Strain Cage Tee-Rosette

] By

6. The orientation of each single gage and strip gage, denoted by "M" for
meridional or *"C" for circumferential, indicates the direction in which
the gage measures.

-

7. ALl angular values listed in the azimuth column are in decimal degrees,

8., All linear values listed in the vertical column are in inches and are
measured from the benchmark located outside the model (~1.677 ft).

9. The numbered columns on the succeeding pages contain gage information as
lieted bdelow:

1. Quadrant (i.e., 1, 2, 3, or &)

2. Tap test (S« solid, He hollow)

3. Special location (i.e., EHN-A, ENH-B, PL-A, ete.)

4. System used to locate gage (i.e., a, b, or ¢ from preceding
peg:.)

A-8
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Rata on 43-degree Rossites

Work this report with drawvings Al through A7, which are located at the end

of this appendix.

Gage # | Cage type Azimuth Vertical i 2 “
RO13} 350 OHM 11.221 156.15%0* 4 8 A
ROl& 350 OHM 12,094 156, 200" 4 s A
RO1S 350 OMM 12,9%) 185,200" - 8 A
ROL16 350 OHM 13.83) 156, 200" “ S A
ROL? 350 OHM 16,869 156. 200" “ H A
ROLS 350 OHM 19.470 156, 200" “ S A
ROL® 350 OHM 0.087 182. 200" - S A
RO20 350 OHM 0.11% 184, 200" 4 s A
RO21 350 OHM 0.116 186.200" & § A
RO22 350 OHM 0.100 188, 240" - s A
RO23 350 OMM 0.092 194.200" - H A
RO24 350 ORM 0.092 200, 200" “ H A
RO2S 350 OMM 359.500 61.900" ] H A
RO26 350 OHM 359.470 $9.750" 3 H A
RO27 350 OHM 44,478 26, 5%00" “ ] A
RO28 350 OHM 44,175 49. 200" “ s A
RO29 3150 OHM 45.04) 65.900" - s A
RO30O 350 OHM «5.342 80.400" “ S A
RO3 1L 350 OHM 44,956 106, 100" 4 8 A
RO32 350 OHM «5.086 117,.900" 1 S A
RO} 350 OHM 45,303 128, 205" - S B
RO3& 350 OHM 89.1%) 32.320" 4 s A
RO}S 350 OHM 89.1%) 30.3%¢0" - ] A
ROYG 350 OMM 89.218 43.870" 3 8 A
RO)? 350 OMM 89.218 49,590 - s A
RO3S 150 OMM 89.218 $4.120" 2 ] A
RO}S 350 OHM 89.889 85.500" 3 H .
RO4O 350 OHM 89%.782 118.300" - s A
RO4L 350 OHM 89.240 132.110" - L A
RO42 350 OMM 91.088 63.600" 1 H *
RO4) 350 OMM 179,.%00 62.0%0" 3 H A
RO44 350 OHM 179.5%2 99.280" 3 H A
RO4S 350 OMM 221.85¢ 107.120" 3 ] A
RO4S® 350 OHM 226, 2% 26.35%0" - s A
RO&? 350 OHM 228,33 6).600" 1 ] Ry
K048 350 OnM 228.47) 92.300* - s A
RO49 350 ONM 228,300 106.5%20" 3 s A
ROSC 350 OHM 228,603 120, 220" i s A
ROS1 350 OMM 269. 609 62.100" 3 H A
ROS2 350 OHNM 269.630 99.630" 3 H A
ROS) 350 OHM 169,444 119,740 3 8 A
ROS4 350 OMM 315,000 62, 160" - H \
ROSS 350 ORM 314.91) 83.660" - H N




e e e

— IR P — P——
R R AR — — B P—— "

ﬁ ¢ | Cage type Azimuth Vertical i 2 3 “
ROSE 350 OHM 179,947 11C. 150 2 S A
ROS? 350 OMM 180,000 116.000% 3 s 15-A
ROSS 350 OHM 180.000 117,600 3 S 15-A
ROSS 350 OMM 180,000 135.720" k) S 15-A
ROGO 350 oM 0.19? 212,600* 4 H A
ROS1 350 OMM 7.526 173.800" 4 8 A
RO62 350 OMM 13.57 187, 500" - H A
RO6) 350 OMM 44, 908 139.500* 3 s A
RO64 350 OMM 45,920 160, 440" 3 S A
RO6S 350 OMM 45,103 169,.380" 2 s A
ROGE 350 OHM 45,518 194, 420" 3 N A
RO&? 350 OMM o5 884 213, 840" 2 H A
ROGR 350 OMM 46.321 229. 760" 3 S A
RO&S 350 oMM 82.987 158.360" 3 H A
ROO 350 OHM 89.48) 141, 240" 3 8 A
RO?) 350 OHM 89.97¢ 145,320 3 s A
RO?2 350 OHM 89,536 167,.550" 2 S A
RO7) 350 OHM 89.819 170.980" 2 s 'y
ROTS 350 OMM 89,862 176.350" 2 ] A
RO7S 350 OMM 8%2.77% 212.7230" 3 H A
RO7E 350 OHM 133,642 15%.130" 3 8 A
RO?? 350 OMM 157,841 154,350 3 H A
RO?S 350 OHM 159.66% 154,350 3 8 A
RO?9 350 oMM 161.269 157, 240" 2 s 15-A
RQ20O 350 OHM 161.754 157, 740° . s 15-A
ROSI 350 OHM 165,403 189,350 2 s A
ROS2 350 OMM 166.778 180, 200" k) ] 15-A
RO&) 350 OkM 167.28) 185, 300" 3 S 15-A
RO&4 350 OHM 170.19) 187, 060" 3 s 15-A
RO&S 350 ORM 180,008 178, 380" 2 S LooA
RO8v 3150 OMM 179.96) 196.920" 3 8 15-A
ROG? 350 OHM 179.96) 198,720" ] N 15-A
ROSS 350 OMM 180. 262 2046, 420" 1 8 A
RO8Y 350 OHM 189,508 215,340 & H A
RUSD 350 OHM 228,366 156.9%0" k] s A
RO 350 OMM 220,366 185, 500" 3 8 A
RO%2 350 OHM 228,088 203.6%0" 3 ] A
RO 350 OMM 160.912 187, 600" 3 s A
RO 350 oMM 263.67) i87, 600" 3 s B
RO 350 OMM WD 142, 020" 3 s B
RO%e 350 OKM 269,235 156, 350" 3 8 A
ROO? 350 OMM 269.73% 176,330 H s R
ROWS 350 OMM 3le. 079 156,250 3 H A

A-10



e o i

“Geage# | Gage type | Azimuth | Vertical

-~

RO9S 350 OHM 0.093 9. 125"
RO100 350 OHM 0.22¢ 286. 630"

ROL01 350 OMM b4 462 249.000"
RO102 350 CHM 44,525 286.500"
RO10) 350 OHM 44,358 288.000"
ROL04 350 OMM 44,901 Mur. e
KO10% 350 OHM 89.9%01 249,290
ROI06 350 OMM §0.214 206. 020"
ROLQ? 350 OHM 90. 244 188, 230"
RO108 350 OMM 0.1V 313.089*
RO10® 150 OKM 112.66) 240. 050"
ROL10 350 OHM 138,794 6l 110"
ROLLL 35C OHM 134,703 286, 900"
ROI12 350 OMM 179,859 47,375
ROL1Y 350 OMM i79. 000 206.930"
ROL14 350 ORM 234, 644 248, 450"
ROLLS 350 OMM 228.2%7 287, 150"
ROL1® 350 OMM 28 .32 288, 150"
ROLI? 350 OHM 228.32¢ 2. 907
ROLI® 350 OMM 269.938 248,750
ROIL® 330 OMM 92.%22 241.500"
RO120 350 OHM 307,943 241,500
ROLI2: 120 OMM Joe.879 241, 480"
ROI22 350 ONM 309.436 241, 480"
RO12Y 120 OHNM 34,974 246,550
RO124 350 oMM 314,969 254,000
ROI2S 350 OHM 315,381 255.%70°
RO12¢ 350 OWM 3i%.438 286, 490"
RO12? 350 OMM 90.163 339,075
RO128 350 OmMM 90.2)9 370.07%"
RO12% 350 OMM 90.23%4 389, 500"
RO130 350 OMM 0.0 402,635
ROIN 350 OMM 90.091 06, 875"
RO132 350 OMM 90.150 410,138
ROID) 350 OMM $0.15%0 a3 18
RO13& 350 OHM 90.15%0 416, 125"
RO13% 350 OMM 90.1%0 17,675
RO 36 150 OHM 238,119 346, 125"
ROLY? 350 OMM 228.58% 3. 500"
RO138 350 OiN 229,348 403,378
ROLY 350 OHM ¢ 4le. 075"
ROI&O 350 OMM 0.000 |[PROJ. ~.300*
OHM

ROL&l 0 0.000 |PROJ. «.300*

Ll Rl S S o S S S R S R S S S S S

:
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“Cage ¢ aﬁo type Azimuth Vertical | 2 i | “
“RO142 350 ONM 269.054 ~0.200° ) § |COVER B |_ B
RO14) 350 OHM 269.9%4 0.300" “ s EH-B B
ROL&4 350 OMM 269,954 28.650" 3 S EH-B B
ROL14S 350 OMM 269.95¢ 29.250" - S |COVER B B
ROL46 350 OHM 3%9.622 -Q,.300" 4 S8 |COVER B B
ROL4? 350 ONM 359,622 2.%0" 4 s EH-B B
ROL48 350 OKHM 359.479 20,700 3 ] EH-B B
RO14% 350 OMM 159.479 29.250" & § |(COVFR B B
ROLS50 350 OHM Xe-1,700 Y«00.000" 3 8§ |EXT.EN-B| C
ROLSI 350 OMM 270.000 |PROJ. -.300* 2 § |COVER A B
ROLS2 350 OHM 270.000 |PROJ. «.300* 3 $ EN-A b
RO1IS) 350 OHM 181.99%98 213.010" 3 H A
ROLS4 350 OHM Xee0, 210" Ye-0.120" 3 [ ] PL-A (-}
ROLISS 120 OHM Xee0, 380" Yool 670" 2 s PL-A c
ROL1SE 120 OMM Xeel, 420" Yee9 370" “ 8 PL-A c
ROIS? 120 OHM 87.640 PROJ . 3. 500" 3 ] PL-A B
RO1S8 120 OHM Xued 650" | YeuO, 140" 3 ] PL-A c
RO1S9 120 ORM Xesd, 700" Yeeob, 220" 2 S PL-A L~
ROl 60 120 OMM Xee, 185" Yo'l 880" 2 S PL-A c
ROL6) 120 OHM 357,315 PROJ.3.300" 3 ] PL-A B
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A-3.3. Siogle ftrain Cages

Gage # | Horizontal | Vertical ap |Note Note
angle angle test| #2 L2

81 359.868 24,000 | 8 € | 1.300" From vall
82 89.624 24.000" H M 1.760" From wall
L5 ] 89.55%0 24.000" 8 M Bottom of Radius
S4 89,550 24.000" s M Top of Radius
85 90.43) 25, 640" s M On wall
86 90,433 26.3%0* s M On wall
§? 90.43) 26. 890" 8 M On wall
s8 226.960 24.000° N C On Radius
89 226,960 24.000" ] Cc On Radius
810 158,653 153,.8%0" S c On wall
sil 158,871 153.8%0" M c On wall
s$12 159,462 153.850" H C On wall
813 308.318 241,000" H C On wall
Sle 308. 460 241 .000* H c On wail
819 0.000 PROJ, 5.200%| § c EH-A (Local B)
§le 0.000 PROJ. 4. 600" S ¢ EH-A (Local B)
s1? 0.000 PROJ., 4,000 8§ c EH-A (Local B)
Si8 267 .949 PROJ. 2.550%| 8§ ¢ EH-B (Local B)
819 267,949 PROJ. 3.1%0"| 8§ c EN-B (Local B)
8§20 267.949 PROJ. 3.800%| S8 c EH-B (Local B)
8§21 268.378 PROJ ., 24. 450" S c EH-B (Local B)
822 268,378 PROJ .25, 125" s c EH-B (Local B)
§2) 268.378 PROJ.25.7%0"]| 8§ c EH-B (Local B)
8§34 387.617 PROJ. 4. 620" S c EN-B (Local B)
82% 382,612 PROJ. 5. 250" 1 C EN-B (Local B)
§26 s 612 PROJ. 5. 880" S c EN-B (Local B)
s 187.61? PROJ.25.15%0"| 8 c EN-B (Locel B)
28 387,042 PROJ.25.750%| 8 ¢ EN-B (Local B)
829 357,612 FROJ,26.35%0"]| § c EH-B (Local B)
8§30 270.000 PROJ, 2.700* s c EH-A (Local B)
831 270.000 FROJ, 3.300*| S8 L EH-A (Local B)
8§32 270.000 PROJ. 3.900*| & c EH-A (Local B)
§3) 20. 748 150, 450" s M |Inside (Post sit)
8§34 20.962 150.450° H M |Inside (Post asit)
838 21,179 150,450 s M |Inside (Post sit)
836 144,384 199.500* S M |(Inside (Post sit)
sy 144,628 199.500" s M |Inside (Post sit)
s$38 144 .87) 199,500 H M [lnside (Post sit)
854 276,660 Cages numbered 54 through 59 are located
8§33 276.660 on the exterior bolts around EH-B. The
§%¢ 20,276 system used to describe the location of
sy 0. 27¢ the gages is the local system ().
58 180.00
A28 A80.000

Notes: !|. Denotes that the gage is located on the feature listed inm the

last column.

The *C* listed in  this column imdicates circumfereantial
measuring direction relative to the axis of the feature on which
the gage is located, The "M* listed inm this column indicates
meridional measuring direction relative to the axis of the
feature on which the gage is located.
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A-3. 4 Srxip-Type Strain Cages

Cage # | Horizental Vertical Tap |[Note Gage

angle angle test ¢l Type
§T-1 89.778 24.000° § |TM 062 |On floor wall redius
8T-2 226,960 26.000" s M 062 |On floor,/wall radius
5T7-) 89.888 24 .000* ] c 129 [2,250" from wall
§T-4 90.2.6 26.320" s [ 125 |Oa wall
$T-% 00.000 24,.000" s M 125 |2.000" from wall
§T-6 158,87} 154,350 H M 125 |[Cn wall
8T.? 308,386 241, 5%00" H M 125 |On wall
§T-8 0.000 PROJ. &4.600"| § M 125 |EH-A (Local B)
8T-9 269,954 PROJ. 3.200"| § M 125 |EH-B (Local B)
$T-10 269.954 PROJ,25.200%| & M 13% |ER-D (Locel B)
§T-11 359.622 PROJ. $.300%| S8 M 125 |EH-B (Loca! %)
ST-12 359.479 PROJ.25.750"| § M 125 |EN-B (Local )
§T-13 270.000 PROJ. 3.300 s M 125 |EH-A (Local ®)
8T-14 20,962 151,200" S ¢ 125 |[Inside (Post sit)
$T-19% ' 144.628 175,325 8 e 135 |Inside (Post sit)
Note 1. The “"C" listed in this column indicates circumferential measuring

direction relative to the axis of the feature on which the gage is
located.

The "M" listed in this column indicates meridional measuring
direction relative to the axis of the Cfeature on which the gage
is located,

Cage Type
125 062:

125MW oeamMw

YTIIITILL

HORZONTAL PO TION
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A-3.5 Tes-Bosatie Stralo Cages

This report lists the locations of the Tee-Rosettes installed post sit.
The measuced point on each Tee-Rosette gage is the center of the gage. The
coordinate system used to locate each Tee-Rosette gage is the glodbal coor-
dinate system.

The "Tee"-gages were attached to the outside concrete surface between two
well-defined cracks that developed during the Structural Integrity Test.

1.0, Azimuth Vertical
™-1 | 90.271 | 266,500
™-2 | 90.814 | 266,500
TR-3 | 91,358 | 266,500
TR-4 | 91.940 |  206.%00*
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A-4. DISPLACEMENT GAGE DATA

A-4.1 Deacription of Coordinate Syatems

‘C

The location of each gage is described using the (a) global,(b) local or
(e) cartesian coordinate system as defined below, The coordinate systen
(a, b, or ¢) used to describe the location of each gage is noted in
column & of the listed data

a. The global ~ocordinate system is wused to describe the location of
gages abont the vessel. Angular location of each gage is in & clock-
vise direction from penetration EN-A centerline (00 degrees) as
vieved from above the vessel. The vertical location of each gage i»
from & benchmark located outside the vessel and marked -].667 ft,

b. The local system is used to describe the location of gages about tle
penetrations. The loca) system is & cylindrical system with the
gero-degree orientation at the top and angular increases in the
clockwise direction (viewing the penetration from inside the model).
The linear measurement recorded indicates gage location relative to
the data identified on the detail draving of the related penetration,

¢. The cartesian coordinate system is wused to describe the location of
Bages located on flat features of penetrations (i.e. PL-A). The
center of the penetration is the origin of this system with the *x*
axis being horizontal location and the *“y* axis being the vertical
location (as vieved from inside the model). 1he sign preceding each
recorded value is pictorially represented bdelow.

Ye

'.

. Displacement gages are listed together inm assigned sumerical sequence.

. The measured point of each cable-type displacement gage is the cable

pert,

. The measured point of each plunger-type displacement gage is the point

of contact,

« The measured point for Dbridge-type displacesent gages is the intersec-

tion of the plunger and the feature which it straddles.

« Valess othervise noted, all anguler values listed in the horizomtasl

apgle columns are in decimal degrees.

. Unless othervise noted, all linear values listed in the vertical columns

are in inches and are relative to the benchmark located outside the
model (-1.627 ftr).
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Lata oo lisplacesent Cages
This report lists the locations of displacement gages about the Reinfcree. -

Concrete Model. Work this report with dravings A8 through AlO, which are
located at the end of this appendix,
Gage
1.D.# | Ser, # | Horizontal Vertical Attachment point | Note #I
—ALRLS lecation. Yertical —
D-1 AdI224 353,398 155,507~ 0.v00 196.370%| Column
D-2 AY1209 388,482 175.920" 0.000 176.370%| Column
D=3 1021 2.664 Local (M) 0. 400" EH-A
D-4 T8 270,000 Lecl (D) 0.400" EH-A
D3 1000 0.000 Loe(® (M) 11,350 EM-A
D-¢ 98 270,000 Loes. (D) i1, 100" EH-A
D7 $024 180,000 Leel (M) 0.080" TH-A
D-8 041? 180,000 Local (M) 1.100* EN-A
D-9 av0e 270.000 Local (M) 0.100% |*5.000 EN-A
D-10 5038 270,000 Local (M) 1.200% |*5.000 EH-A
P11l 4990 0 000 Local (M) 0.200* EH-A
b-12 0.8 0.000 Local (M) 1.200% EH-A
P-13 oM 90.000 Local (M) 0.200% |#5.000 EH-A
Del4 4998 $0. 000 Local (M) 1.200" 1#35,000 EH-A
D-13 AlS778 87,388 166, 963" 90.000 166,563 Column
D-16 4004 0.000 Local (M) 1,000" PL-A Ext.
D-1? 3999 90.000 Local (M) 1.000* PL-A Ext.
D-18 71738 Local (C) Xe 00.000%| Yeel0.700* - PL-A
D-19 m » Xe+03, 200" | YeelD, 200" PL-A
D-30 7720 » Xe 00.000"| YeueO4. 950" PL-A
D21 m Local (C) XeoQs 200%| Yeol4. 980" PL-A
D-22 AdI218 177,412 157,353 | 180,000 157,220%| Column
D-23 AdI212 180,328 178.060" | .80.008 177,220%| Columm
D-24 1018 2.00) * Local (M) 0.400" EH-D
D-2% 1022 92.00)% . 0.200" EN-B
D-26¢ 102% 0.000 ' 14.7%0" EH-B
b-237 1013 90.000 e 14.500" EH-B
b-28 101¢ 2.00) ' 8.%00" EH-B
b-29 1020 92.00) . 28, 500* EN-B
D-30 5004 180,000 * Local (B 0.100* EH-B
p-31 803 180,000 . i1.100% EH-B
p-32 503 270.000 . 0.100% [#2.000 EN-B
0 ] 4992 270.000 . 1. 100% |%2.000 EH-B
D- 34 302) 0.000 . 0.100* EH-B
p-33 o 0.000 . 100" EH-B
D-3¢ $000 "0.000 . 0.100" |3, 500 EM-B
D37 $00e #0.000 . 1.100% [+3.500 ENM-B
i AR S 5 3 TS5 PR— TS W .

Note 1,

—00.000

Thie colunn lists the locations of the gage ancher points,
* For gages on the equipment hatches the values listed in the
horizontal column are measured from the pressure seating sealing
surface.

Cages D-24 through D-37 are plunger
are located inside EH-D,

The value listed in the horizomtal angle column plus 180 degrees
locates the opposite end of the gage. The values listed in the
attachment horigontal column represent the outward projection from
the inside sealing surface of ENH-B, For gages nunbered D-9, D19,
D-13, D-14, D-32, D-33, D-36, and D-37, the values listed in the
sttachment vertical column vrepre nt angular orientation relative
to the sleeve O.D. required to clear the curvature of feature 19-A.

type, Cages D24 through D-29
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The following report lists the locations of dis['acement gages about the RCM.

Crge
I.D.# | Ser. # | Horizontal Vertical fttachment point | Note #!

angle location |Horizontal |[Vertical
D-39 4986 180.000 Lncal (B) 28.800" EH-3 Ext.
D-40 7719 180.000 Local (B) Horizontal|137.220"| EH-B Ext.
D-41 5029 270.000 Local (B) 27.800" EH-B Ext.
D-42 5013 270.000 Local (B) 28.80C00" EH-B Ext.
D-43 7724 270.000 Local (B) Horizontal|157.220%| EH-B Ext.
D-44 5015 0.000 Local (B) 27.700" EH-B Ext,
D-45 4985 0.000 Local (B) 28.700" EH-B Ext.
D-46 7723 0.000 Local (B) Horizontal|.77.220"| EH-B Eat.
D-47 4988 90.009 Local (B) 27.800" EH-B Ext.
D-48 4998 90.00C Local (B) 28, 900" Ek-B Ext,
D-49 7726 90.000 Local (B) | Horizontall157.220"! EH-B Ext.
D-50 A27985 83.727 24.000" 83.727 56.500"| R=127.437"
D-51 A30811 179.741 228, 100" 180.000 231.375"| Column
D-52 A30810 270.851 232.100" 269,415 231,328"; Column
P-53 J-6 45.000 240.000" |R.=14.250" |Top/Col Top/Cnlumn
D-54 A27980 354.292 24,.C00" 354.183 71.,650"| R«129,687"
D-55 A31400 356.896 24.000" 356.918 132.000"]| R=130.000"
D-56 Ad1215 357,795 181.100" 000,000 177.600*| Column
D-57 A31244 35y, 190 24,000" 358.133 215.600%| Rel118,162"
D-50 A31242 338.38% 216.8635" 359.843 216.000"| Column
D-59 A31240 358.83¢6 240, 600" 359.657 239.719*| Top/Column
D-60 A27510 359.392 24.000" 359,300 286.650"| Re118.162"
D-61 A30998 €4.791 D-6\ and D-62 Horizontal Track BTM/Concrete
D-62 A31257 84.791 Measure Lift From Re23,750" TC Re«108.875"
D-63 A27778 98.046 D-63 and D-64 are Mounted Internal Vertical
D-64 A31258 98,046 Track System Between 29.187" and 291.30"
D-65 A27774 278.084 D-6% and D-66 are Mounted Internal Vertice'
D<69 A31254 278.C34 Track System Between 29.312" and 291.70"
D-67 A27776 102,48, D-67 and D-68 are Mounted Exterior Vertical
D-63 A31255 102.481 Track System Between 24.000" and 268.300"
D-69 A27777 285,000 D-69 and D-70 are Mounted Exterior Vertical
D~20 Al7140 285,000 Track System Between 25.750" and 267, 100"
D71 A3 97 2.431 D-71 and D-72 are Mounted Internal Vertical
D-722 A?. 56 2,43) Track System Between 30.875" and 98,120"
D- 73 A )03 182.778 D-73 and D-74 are Mounted Internal Vertical
D-74 A..247 182.778 Track System Between 29.987" and 97.600"
D-75% A31004 358,825 D-«75 and D-76 are Mounted Exterior Vertical
D-76 A3 1245 I%A.825 Track System Betwecn 23.875" and 99.937*

Note 1. This colunn lists the locatinns of the gage anchor points.
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The following report lists the locacions of displacement gages wmcunted
inside the RCM.

Gage Attachment poiut
1.D.¢# Ser. # | Horizontal Vertical angle Note #1

angle location [Horizontal (Vertical
D-77 A30999 179.091 D-77 and D-78 are Mounted Exterior Vertical
D-78 A31246 179,091 Treck System Between 25.937" and 101.625"
D-79 A31237 90.000 325.400" 90.000 332.055" |R=88.875"
D-80 A%122) 90.000 325.400" 90.000 370.875" |R=49.000"
D-81 Al3l211 89.861 287,225" 89.890 287.965" ([R=69.000"
D-82 A3l214 89.773 304,325+ 89,658 313.865"R=69,.000"
D-83 A31401 90.000 325.400" 90.000 349.232" |R=67,250"
D-84 A31239 £0.000 325.400" 90.000 387.272" |R=32,875"
D-85 A31208 90.000 325.400" $0.000 410.952" |[Re15,125"
D-86 A31235 00.000 325.400" 00.000 418.875" [Ru0.00
D-87 A31233 133,436 156.447" 134,140 155.875"| Column
D-88 A27681 176,484 24.000" 176,484 71.750"|R=)26.437"
D-89 A31198 179,218 24.000" 179.181 139.870" |[Re124, 344"
D-90 A31230 182.136 217.306" 180.000 |216.137"| Column
2-91 A31243 177.352 39.7%0" 177.612 (216.137"|R=108.187"
D-32 A31210 177.862 240. 900" 180,000 239.937"| Top/Column
D-93 A27509 178.350 39.750" 178.476 287.600" |R«108.000"
D-94 A31225 177.3%2 288.900" 180.000 |288.200" |Extend/Col
D-95% A30859 , 22F )65 24.000" 225.207 71.570" [Rm129.182"
D-96 A31238 230,166 72.134" 228,376 71.820"| Column
D-§7 A31216 229.278 102.500" 228.376 102,560"| Column
D-98 A31399 227.626 24,000" 227.526 131.720 [R=129.500*
D-99 A31228 232.6%9 134.478" 228,571 134.450"| Column
D-100 A3l217 233.531 156.304" 228.571 156.000"| Column
D-101 | A3124) 235,556 185,420 228,484 184.850"| Column
D-102 A31220 238,986 214,330" 228,276 215.063"| Column
D-103 A31222 e37,9L 3 240.9u0" 227.860 240,750"| Top/Column
D-104 | A31249 223,198 24,000" 222.900 215,600" |R=126,312"
D-105 A27511 225,933 24.000" 2.5.95%4 287.150" |Re126.375"
D-106 | A31231 275,685 240,900" 289.435 241.062%| Top/Column
D-1C7 | A3:221 296.542 240, 900" 304.482 241.390"| Top/Column
D-108 A31232 003.270 239.300" 311.949 241.44A9"| Top/Column
D-109 | A31227 310.390 156.291" 315,024 156.000"| Column
D110 | A31226 312.133 214.131" 315.088 214,313"| Column
D=111 84202-5 n.000 Cages Numbered D-11l, D-112, and D-il3 are
D-11% 84202-2 90.000 Mounted @ Mud Mat/Base Mat Intersection
D-113 84202-1 225.000 Measurement Direction is Meridional.
D-114 | A30996 243 906 91.500% | 243.9n% | 85.500"|Beltline

Note ]. This column lists the locations of the gage anchor points.
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The following report 1lists the locations of displacement gages mouuted
about the RCM.
Gage Atrachment point
I1.D.# | Ser. # | Horizontal Vertical auple Note #1
angle location |Horizontal |[Vertical

D-115 | A31001 275,643 201,250" 275,643 194.625 [Beltline

D-116 | A27967 182.837 135.228" 180.000 135.770*| Column

D-117 | A30858 272.377 )35.000" 270,143 135.820"| Column

D-118 |[B4185-7 0.434 133, 250" Circumferential

D-119 |84185-15 20.970 131.37%¢ Civcumferential

D-12" [B4185%17 69,482 14C.000" Circumferential

D-1721 |[84185-1. 95.669 26,250" | Meridional

D- 122 |84.185-9 141.772 269.000" Meridional

D-123 !8:185-10 144,632 175,000" Circunferential

D-.24 (B4185-16 180.582 130.000" Circumferential

D-125 |84185-13 270.000 23.000" Meridional

D-126

D-127

D-128

D-129

D-130

D-131

D-132

D-133

D-134

D-135

D-136

D-137

D-138% A31251 90.000 325.400" 90.000 400.505"| Rel5, 125"

D-139 | A31250 90.000 325.400" 90.000 416.920"| Re 7.875"

D-140 | AL17137 102.481 259.876" |Vert. Track to 8.W, Corner Beam

D-141 Al6962 285.000 255.813" |Vert. Track to N.E. Corner Beam
Notes:

1. This column lists tha locations of the gage anchor points.

2. Gages numbered D-118 through D-125 were installed over cracks
which appeared after the low-pressure test., Ths measured point
for the gages numbered D-118 through D-125 {s the point of
intersection of the plunger and the crack over which the plunger
extends.
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This report lists

A-5. THERMOCOUPLE LOCATIONS

all thermocouple locations and

should be worked with

drawvings A5-A7, which are located at the end of this appendix.

I1.D., ¢ Azimuthb Vertical
(decimal degrees) (inches)
T1-T43 Embedded in the containment wall: see¢ figures in the
body of the report for locatiocns
T4 00.000 135.870"
T4S 00.000 Proj. 0.500" EH-A (Local B)
T46 1.000 189. 140"
T47 45.406 161, 940"
T48 43,233 24%,300"
T49 89.500 27.300"
TS50 Xu(~.150") Y=(+.500") PL-A (Local B)
T51 20.000 171.980"
T52 90.918 314.68%"
T53 128.251 24).810"
T54 180.000 136.670"
5% 158.058 152.750"
T56 180.570 197.570"
T57? 210.000 27.800"
TS8 227.3C9 106.220"
T59 229,555 285.850"
T60 85.110 416,000"
Té1 271.000 99.330"
Té62 261,804 18%.500"
Té63 306,943 243, 100"
Té64 329.261 27.500"
Té6S5 180.000 Proj. 0.300" EH-A (Local B)
T66 0.000 Proj. 0.250" EH-A (Local B)
T6? 182.859 . 400" EH-B (Lccal B)
Té8 270.000 15.875%% EH-B (Local B)
T69 358.713 15.875%" EH-B (Local B)
T?70 358.7211) Proj.29.000" EH-B (Local B)
T71 0.000 Exterior Bolt EH-B Cover
T72 150,236 Exterior Bolt EH-B Cover
T73 Thermocouples Numbered T73 and T74 are lLocated
T?4 Outside the Hodo? Under TB-6 to Monitor Ambient
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A-6. WELDABLE GAGE LOCATIONS

This report lists the locations of weldable gages. Work this report with

Drawing A5, which 1s located at the end of this appendix.

1.D. ¢ Azimuth Vertical wote #1

w278 89.543 . 000" c Floor to Wall Radius
w279 89.543 <6, 420" C

w280 89,543 28.,420" C

w28l 89.153 24.000" M Floor to Wall Radius
w282 89.153 26.000" M

w283 88.762 28.520" M

w2a4 210.000 24,000 C Floor tn Wall Radius
w2 210,000 26.600" [»

w286 210.000 48.600" ¢

w287 210.000 24.000" M Floor to Wall Radius
w2es 210.000 27.000" M

w289 v 210.000 28.700" M

w2950 329,565 24,000" C Floor to Wall Radius
w29l 329.565 26, 600" C

w192 329.565 28, 400" c

w203 330.000 24.000" M Floor to Wall Radius
w294 330.000 26.200" M

w295 330.000 28.200" M

|

Note 1. The "C" listed in this column indicates circumferential measuriong
dire-tion relative to the axis of the feature on which the gage is
l.cated. The "M" listed in this coluwn indicates meridional
measuring direction relative to (he axis of the feature on whiech

the gage is located.
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A-7. RTD LOCATIONS
Work this report with Drawing A5, which is located at the end of this ap-
pendix.
Type/1.D.# Azimuth Radius Vertical
RTD-100 286,859 66.000" 184, 290"
RTD-1C1 286.859 65,.000" 89.500"
RTD-104 151.912 69.000" 184.500"
RTD-106 151.912 70, 000" 280, 400"
RTD-107 286.859 65,000" 280. 744"
RTD-108 44,166 67.000" 184, C00"
RTD-109 44,166 66.000" 99.500"
RTD-110 151.912 71.000" 8&.500"
RTD-111 284,985 67.676" 35..400"
RTD-112 153,038 72.785" 351.400"
RTD-113 63,254 53,330" 351,400"
—BID-LlG | 44,166 £6.000" g—-{ 1 LA

Note: All temperature devices listed on this page are located using the

global coordinate system (a).

A"'s .

ACOUSTIC SENSCRS

This report describes the locatjons of the pac ascoustic senzors.

sl AZimuth. | Vertical
f#1 PAC 140,0%9 27.450"
#2 PAC 234140 28. 250"
#3 PAC 319.882 27.900"
#4 PAC “wil.819 28, 600"
#5 PAC 236.551 Extorior EH-B (Lovcal B)
#6 PAC 114,000 Proj. 12.1950" EH-A (Loecal B)
#7 PAC 3i% 156" (Locatiocn Estimated)
08 PAC 135, [ASe" (Location Estimated)

A-9. TILT SENSOKS3

This report lists the lorations of the tilt sencors mounted about the rein-
forced-concrete model,

1.D. Ser. ¢ Azimuth Vertical Notes
! 0ii18 90.000 235.850" |Top Coclumn Oriented 90 deg.
2 122 180.0:30 235.850" |Top Column Oriented 180 deg.
3 0123 0,000 127.000" Top of Track System @ 0 deg.
4 011% 0.000 23 500" |Ext. Rail Moment Arms}2%,750%
S o117 93.812 21.200" |Mounted on Top Uuter Edpe
of Base Mat
6 0124 90, 00w 23,500* Ext. Rail Moment Arme126.000"
7 0115 180.000 YRD AP Top of Trank System @ 180 deg.
e | Q420 1. 222.000 .. 23.500" |Ext. Rall Moment Arm 129.000%

A-213
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A-10. EH-B EXTERIOR O-RIMG DETAILS

A-10.1 Measurements of EH-B O-Riog Crooves

This report lists the exterior EH-B O-Ring groove details.

Inside O-Ring Groove Outside O-Ring Groove

Angular Station Depth | Radius width Depth Radjus | Width
0 103" 20.050" YL + 101" 20,290" « 119"
36 .098" 20.100" «353° .100" 20.350" 116"
72 . 100" 20.060" «11%* 103" 20,319" AL17%
90 .099" 20.030" 138" 101" 20, 280" . 120"
108 " VR L 20.010" «113% 100" 20.260" di8"
144 . 100" 20.040" «315* 102" 20, 280" «110*
180 . 100" 20.060" + 119" . 101" 20.300" +A21"
216 . 099" 20.120" 118" « 104" 20.360" A 14
252 . 100" 20.110" TR 301" 20.360" 116"
270 101" 20.090" 413" 101" 20.315" 147"
288 103" 20.070" « 116N 101" 20.310" + 347"
324 104" 20.040" « 319" : 408" 20, 280" « $1 8¢

A-10.2 QSurface Fipish for Grooves in Equipment Hatch B

The table below contains the surface finieh values of the exterior EH-B
O-Ring groovas which were taken at three approximately equally spaced sta-
tione.

Surface Finish Surface Finish
Inner O-Ring Groove Outer O-Ring Groove
Sample 1 80 o 80
Semple 2 g0 90
Sample 3 30 72
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A-10.3 Topngues and Seated Q-Rings

This report details the cutside sealing tongues for EH-B outside cover.

Angular Inside Tongue Outside Tongue
Station I1.D. Thickness 0.D. Thickness
0-'8. | 40,222" 0 - .048" 40.787" 0 - .043"
180 -~ 044" 180 -~ .044"
36-216 40,216" 36 - 047" 40.784" 36 - .043"
216 - 045" 216 -~ 044"
72-252 40.220" 72 - 046" 40.790" 72 - 043"
252 - 043" 252 - 045"
90-270 40.218" 90 - .046" 40.7838" 90 -~ 044"
270 -~ 048" 270 - ,043"
108-288 40, 225" 108 ~ .046" 40,792" 108 - 045"
288 -~ 048" 288 - ,043"
324-144 40,228" 324 - ,048" 40.800" 324 - 043"
144 -~ 047" 144 - 044"
The following table 1lists the tongue heights relative to the inner,
central, and outside sealing surfaces of the outside cover.
Angular
Station Inner Central Qutside
0 048" 062" 032
36 046" 065" 052"
72 046" .066" +O33"
90 047" + 085" 032"
108 046" 063" 051"
144 048" 065" 052"
180 045" 065" 053"
216 048" 065" 053"
252 046" 066" 32"
270 046" 065" 053"
288 046" 065" .052"
324 046" 062" 032"
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A-10.4 Distance Valucs of O-Ripngs in Equipment Hatch B

The following table lists the distance of the seated O-Ring relative to the
exterior mating surface of EH-B. All wvalues listed in the table are below
the mating surface. Values listed in Column | are measured prior to sit.
Values listed in Column 2 are measured post sit. Values listed in Column 3
are the new set of O-Rings (installed and measured prior to hi-pressure,.
All values listed in Columns 1, 2, and 3 are in inches.

Angular Inside O-Ring Groove Outside O-Ring Groove
Station 1 2 3 11 213 1 2 3 1 2 3
0 .010]|.016).015].022(.030]|.035/|.021|.022]|.018 ,030(.026(.030
36 ,017(.020(.006|)|.031].025|.019|(.023|.022|.012 .0321.027(.023
72 .022]1.022|.0i4|(.032|.029).025||.024|.019|.018 .034].020(.026
%0 .014]|.014|.021|]|.025|.026|.025)||.025|.017].025 .033|.028/.030
108 .016(.010(.013)].026].025).021](.020/.013|.02% .031].027}.030
144 .016(.012(.011)].028|.027).023)|.025|.020|.021 .036(.034].024
180 .010].020|.025||.022(.021(.035]||.020;.020(.030 .035(.032|.040
216 .019}.022].020(].030).02>(.028](.023|.012].023 .034].018|.026
252 .023].024(,021(].029).026|.028(|.022|.020(.01L5S .034).013(.028
270 .016|.024|.019|]|.027)|.027|.032|(.027|.011].023 .035].026(.033
288 .020.006|.020]].030|.025|.030]|.023].002|.025 .031(.018].029
324 .023].014|.015/||.033).030|.027|(.022(.015/.015% .032].032|.026
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