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ABSTRACT

Special techniques were developed to measure the total
leak rate from the containment building and to determine the
location of small leaks. The containment structure was a
composite steel and prestressed reinforced conecrete bullding.
The series of tests conducted showed that the leak tightness
of the bullding initially decreased with time, The pericdic
tests that are described permltted leaks to be found and
repalred, so that the leakage was maintained at ah acceptably
low value,
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LEAK TESTING OF THE HWCTR CONTAINMENT BUILDING

INTRODUCTION

The Heavy Water Components Test Reactor (HWCTR) was desligned and
constructed to test fuel assemblies and other reactor components at
power ratings and exposures expected 1n fuli-scale power reactors. The
HWCTR is a pressure vessel reactor, moderated and coocled with D,0, The
maximum pewer 1ls about 70 MW, The design pressure and temperature cf
the reactor vessel are 1500 psig and 315°¢C.

Containment for the HWCTR 1s provlded by a composite steel and
conerete bullding. Thls was selected as the most economleal type of
building to meet the requirements of the HWCTR. The portion below
grade conslsts of prestressed concrete walls on a flat concrete base
with the base Joint and walls sealed by plastic fllm coating. The
bullding above grade 1s a welded steel e¢ylindrical shell and heml-
spherical dome. The bullding was designed for a leak rate of 1% of
the contents per day at an internal pressure of 24 psig. Design and
construction features of the bullding are gilven 1in reference 4.

A large number of tests have been conducted to measure the leak
rate of the containment building and to determine the sites of the
leakage, This report descrlbes the low-leakage deslgn features of the
contalnment bullding, the leak slites that have been found, and the
methods for detectlng leaks and for measuring the total bullding leak
rate,

SUMMARY

A leakage rate of 0.6% per day at 24 psig was found with the basic
shell, before installation of plping and conduits. Iater results with
the completed facility were higher, sometimes as high as 8% per day at
2l psig, prior to corrective measures. However, the results of tests
and analyses indicated that leakage rates ag low as 2 to 3% of bulld-
ing volume per day at 24 psig were achleved without extenslve modliflca-
tions. To malntain this leak rate, perlocdic tests were conducted to
locate and repalr leak sites. A hazards evaluatlon of the maximum
credible accident showed that the leak rate 1s required to be less
than 7%.

The serles of tests conducted between November 1960, and August
1664, showed that seals and flttings were deteriorating., The major
leak sites were at the 1ndividual condult seals and in the concrete
floor slab at the foundation level.




DISCUSSION

DESIGN OBJECTIVES

The use of concrete and steel as structural materlal for contain-
ment buildings is discussed 1n Reference 1, All-steel bulldings regquire
a substantlal amount of concrete below grade to protect the shell from
active earth pressures and surcharges. The curvature of the bottom
steel shell reguilres speclal design consideratlons to provide adequate
floor space at the foundation level,

The major design objective wlth the HWCTR was to provide a less
costly structure that was adequately leaktight and with maximum usable
space, A composlte structure consisting of a steel shell above grade
and prestressed concrete below grade was selected to meet these require-
ments., It was the first structure of 1ts kind to be used as a contain-
ment bullding.

To wlthstand the pressure bulldup from the maximum credible
gceldent, and to prevent the spread of the resultant radicactivity, the
contalnment building weaes designed and cecnstructed as a pressure-
containing vessel. The bullding was deslgned for an obJectlve leak rate
of less than 1% of the total free volume per 2% hours at & pressure of
24 pesig at 1089C, which is equal to the maximum equilibrium pressure
that could result from accldental rupture of the pressurized system when
it ie full of D0 at 285°C. The mechanlsme of the pressurization of
the bulilding and the consequences of the radioactivit¥ leakage are
discussed in the HWCTR hazards eveluation reports{2:3) Insofar as
possible, the contalnment bullding was deslgned and constructed in
accordance with interpretationsg of the 1956 ASME Boller and Pressure
Vessel Code, Seetion VIII, Unfired Pressure Vessels. The design of the
exterlor prestressed concrete wall was based on "Criteria for Prestressed
Concrete Bridges," 1955 Bureau of Public Roads, and "Tentative Recommen-
dations for Prestressed Concrete," ACI-ASCE Joint Committee 323.

DESCRIPTION OF CONTAINMENT BUILDING

The reactor and principal auxiliary equipment are housed 1in the
contalnment building, which Is shown in Figure 1,

The building 1s 70 feet in diameter and 122 feet, ©& inches 1n
over-all height. The lowest floor surface 1s 52 feet, & inches below
grade. The total enclosed volume is 420,000 cublc feet and the free
volume is 320,000 cublc feet. The bullding below grade is an 18-inch-
thick prestressed cylindrical ccncrete wall on a flat 5-foct-thick con-
crete base; the building above grade is a welded steel shell with a

hemispherical dome.
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The bullding is designed for s differential of external pressure
over internal pressure of 0.75 psi. A vacuum breaker is provided to
prevent external pressure exceeding internal pressure more than 0.25
psi. No relief is provided for excessive internal pressure.

All compartments within the bulldlng are Iinterconnected to
facllitate equilization of pressures in event of localized rupture of
the high pressure coolant systems. A l4%- by 19-foot stairwell connects
ali levels of the building, and grating floors are used wherever com-
patible wlth structural and shielding requirements. The entire free
volume of the bullding 1s accesslible to gases or vapors released from
the resactor system.

Personnel have access to the building via two alr locks, one
regerved for emergency use. The alr lock for normal access 1s a chamber
10 feet in diameter and 16 feet long that contains two doors, one leading
outside and the other leading to the contalnment vessel, Both docors
are sealed by mechanically loaded gaskets. The gaskets face the
Interior of the bullding, so they are further lcoaded by any excess
pressure within the buildlng. The two doors are equipped with inter-
locks that prevent opening one unless the other is closed., The
emergency alr lock 1s of the same design as the alr lock for normal
access, but is smaller,

To permit movement of equipment into and out of the bulldlng, the
structure contalns an cpening 7 feet wide and T feet high. During
reactor operatlon, this opening is sealed by a steel door gasketed and
bolted to the shell of the bullding. The seal is at the insgide surface
of the shell so any internal pressure developed in the bullding assists
in maintaining the load on the seal,

Pressure-tight seals are provided where the building 1s penetrated
by service piping and conduit., The largest penetrations are for two alr
ducts of 24%-inch diameter, one for fresh air, the other for exhaust air.
These ducts are welded to the building shell. Each duct contalns 2 air-
operated butterfly valves in serles that close in approximately 0.8
second on signal from the control bullding. Service lines through
which any bullding pressure could be relleved contaln l1solation valves
that are operated when an "isolation" signal 1s recelved from the con-
trol building. Electrical condults are routed into the bullding vila
the concrete substructure and terminate in Junction boxes Inside the
bullding.



REQUIREMENTS OF LOW LEAKAGE CONSTRUCTION

To provide a building with a low leakage rate, it 1ls necessary to
provide many special geals and unusual features not found on conventional
builldings., In additiocn, special care in the construction must be :
exercised,

Seals for Containment Building Penetrations

Penetration of the containment building is necessary to admit
services and persconnel to the process equipment. There are four
functional groups of penetrations, as fellows,

o Group I: Penetrations for pressurlzed sealed systems, such as
secondary cooling water and steam discharge. There are 24 of
these penetrations. The plping that goes through the concrete
below grade has the type of seal shown 1n Figure 2, Plping
passing through the steel shell 1s welded directly to a sleeve
that is welded to the shell.

o Group IT: Penetrations for services that are not pressurized,
such as electrical and instrument conduits, and a transfer cpening
in the spent fuel basin. Each electrical conduit has the type of
seal shown Iin Flgure 3. There are 222 of these penetrations.

All instrument air impulse llnes penetrate the contalnment shell
through the Junction box shown in Figure 4. There are 133
indivldual bulkhead connections to the Junction box, including
spares.

o Group III: Penetrations for service such as ventilating and vent
gystems that could discharge actlvity to the envircnment if
activity were released within the bullding. There are elght
penetrations 1n this group. They 1lnclude a bullding vacuum
bregker, low pressure system seal pot vent, sump pump dlscharge
line, 24-inch ventilation supply and exhaust ducts, sample slink
vent, reactor gas vent line, and reactor safety valve discharge
line. The safety valve discharge line and ventilation lines have
alr-operated butterfly-type valves that can be operated to provide
1solation. The others have air-operated isclatlon valves or are
normally closed durlng coperation.

0o Group IV: The main personnel access alr lock, an emergency
personnel unlock, and a bolted equipment saccess door. These
entry points are closed during periods of reactor operatlon or
fuel discharge.
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The experience with mainteining leaktlghtness of these penetratlons
during pressure testlng 1s described in later sections.

Construction Fectures and Techniques

In additien to seallng the penetrations through the building,
four other constructlon features were incorporated to reduce leakage.

1. The concrete walls below grade were poured as a single unit
or structure. Although monolithle pours are unusual for walls of thils
thickness, helght and volume (approximately 625 cuble yards) buillt
wlth conventional forms, 1t was hoped to obtain a wall free from
cracks or Joints. A number of cracks dld develop, however.

2. After the walls and floors were poured, 39 steel bands were
placed around the concrete walls and stressed to 155,000 pounds. The
bands strengthened the concrete shell, and prevented cracks from
opening further. The tension on the bands was sufficient to place the
concrete In compression at internal pressures of up to 125% design
pressure. The reguired wall thickness was reduced by about 3 feet, as
compared with a conventional wall, resulting in a substantlal economle

advantage.

3. To reduce the concrete wall permeabllity, the interior walls
were palnted wilth a thermal setting, nonporous plastic resin ( "Liquid
Tile"*) over "Fiberglas"** cloth. Joints at floors and steel plates

have a small overlap.

b, A sealed joint was constructed at the O-foot-level slab and
i1s shown in Flgure 5. Only the seal designated as "water stop" was
installed around the slab at the minus 52 foot, 6 inch level. The
amcunt of leakage from these locatlons 1s discussed in later secticns.

Further details are given ln Reference 4.

FIRST TEST SERIES

To determine that the design and constructleon were adequate, a
structural proof test at 29 psig and a leakage test at 24 psig were
conducted in October and November 1960, after completion of the basic
contalmment shell, but before any thermal insulation or any equipment
was installed.

*  "ILiquid Tile"” 1s a product of Evershield Products, Inc.
** '"miberglas" 1s & product of the Owens-Corning Fiberglas Corp.
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To avold comblning thermal and pressure stresses at the shell-
concrete slab intersection, the bottom five feet of the shell was shaded
from the sun with tarpaulins, The pressure was then applied in 5 psi
increments up toc 15 psig with inspection after each increment., During
this pregression, the pressure was overrun by 1 psi and then reduced
before the inspectlon, for reasons of safety. Between 15 peilg and
29 psig, the increment was reduced to 2.5 psl. Walting perlods between
increments allowed adjustment of stresses and strains, The pressure
of 29 paig was held for 15 minutes and then slowly bled down. Test
observations were made from a concrete bunker, located 500 feet from
the bullding,

The structural integrity of the building was demonstrated by the
29-psig test. ILeaks through and along the penetrating condults were
repaired before the leak rate test was attempted.

During the leak rate test in November 1960, the leakage was 0.56%
of bullding contents per day at 24 psig. At this time the various
condults and pipes that penetrated the shell were fitted with temporary
seals because electrical cables had not been installed and plplng systems
were incomplete or did not exlst., Some leakage was observed through
the concrete in the region of the maln Joint between the steel and con-
crete portions of the containment building, but the leak rate of 0.56%
was well within the value of 1% belng used 1n safeguards analyses at
that time, and 1t was belleved that the addltlconal palnting and seallng
planned in the construction program would be beneflcial. Additlonal
leakage tests, however, were planned when installation of equlipment and
electrical and hydraullc systems were complete, These tests were to be
conducted at 5 psig rather than 24 psilg to protect instrument systems
that would be installed in the reactor bullding.

COMPLETION OF CONSTRUCTION

In the perlod of one year between the tests discussed above and
the first of the series of leakage tests at 5 pslg, the various equilp-
ment aystems within the containment building were installed, and
internal and external connections were made to the varlous penetrations,
A panel approximately 28 feet square was cut from the steel containment
shell to permit entry of the reactor vesgel. The panel was later welded
in place. The cables were pulled through electrical conduits; the con-
duits were sealed within the containment shell and individuwally pressure
tested for leakage. The seals were installed for each penetratlon of
the concrete shell below grade. The inside surface of the concrete
wall was painted with "ILiquid Tile", over a "Fiberglas" mat. Instrument
tubing was connected to the Junctlion box.

- 11 -
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SECOND TEST SERIES

Test Resulis

A leak rate test at 5 psig bullding pressure was started November
5, 1961. The purpose of the test, or test series as it subsequently
became, was to determine the leak rate after completlon of all con-
struction. The measured leak rate was 8.4%, a factor of 15 higher
than the rate previously determined. ILeak rates for this, and all
subsequent tests, are listed in Table I.

The Appendlx glves a description of the method used to convert
the lesk rate data obtained at 5 psig to the equivalent leak rate at
24 psig. Unlegs otherwise stated, all leak rates in this report are
based on the equivalent 24 psig condition.

"Freon"* was injected into the containment building and a halide
detector was used to locate the leaks, Outleakage was detected at the
ends of 86 electrical conduits in the contrel house and electrical
equlpment bullding. Leakage past the butterfly valves in the ventllation
systems was detected. Attempts were made to repair the leaks but the
next test showed that the leak rate was almost unchanged. The repairs
to the ventllation system valves were succegssful, but some condults
continued to leak. At this time 1t was belleved that the high leaksage
rate was the result of a number of small leaks through the conduits
because no gross leaks had been found.

Investigation and Repair Techniques

A program was started to repalr leaking condults or to eliminate
them as & source of leskage. This phase of the program, which continued
until January 19, 1962, included eight additional pressure tests of the
building, and was successful in reducing the leak rate to about 3% per
day. The followlng repalrs and investigations were made:

1. Because the resin seal at the containment bullding end of each
condult had been subjected to independent pressure tests, it was belleved
that alr was leaking into the condults through couplings between the
resin seal and the point of entry into the concrete. Seal welding of
these couplings and of the caps on spare condults proved to be inadequate
and was abandoned in favor of sealing with "Fiberglas" and "Liquid Tile".

* "Frecn™ is a product of E. I. du Pont de Nemours & Co., Inc.
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TABIE T

Containment Bullding Leak Test Results

. Test Test Condition
Test Pressure, leak Rete, % per day Duration, of
Series No. Date psig At 5 peig At 24 psig hours -52! Floor
1 1 11-19-60 ok 0.15 0.56 34 Dry
2 11-5-61 5 2.2 8.4 18 Dry
3 12-26-61 5 2.2 8.5 6 Dry
L 12-28-61 5 2.0 7.6 24 Dry
5 1-9-62 5 1.8 6.8 5 Dry
6 1-12-€2 5 0.8 3.1 20 Dry
7 1~13-62 12 0.8 3.3 13 Dry
2 8 1-14-62 5 0.8 3.0 13 Dry
g9 1-18-62 5 0.8 3.1 16 Dry
10 1-19-62 5 0.8 3.2 16 Dry
11 1-24-62 5 0.7 2.5 6 Dry
l2  1-25-62 5 0.6 2.2 12 Dry
13 1-26-62 5 0.2 0.7 8 Flooded
14 92462 5 2.1 8.1 5% Dry
15 9-25-62 5 1.2 4.7 T Flooded
3 16 9-29-62 5 1.1 4.2 8% Wet
17  9-~30-62 5 i.l 4.1 14 Flooded
4 18 5-6-63 5 0.76 2.87 58 Dry
5 19 8-15-6% 5 0.65 2.5 18 Dry

2., The method of detecting conduit leakage with a "Freon' detector
had limitations because the conduits became saturated with "Freon' and
the high background made further detection impossible. The methed then
adopted for conduit leak detection was to place "Dux Seal'* at the
external end of the conduit and then to spray the "Dux Seal" with socap
golution and observe for bubbles. A successful variation of this methed
was to insert a tube into the "Dux Seal" and seal a plastic bag on the
other end of the tube. Inflation of the bag indicated leakage.

* "Dux Seal" is a product of the Johns-Manville Corporation,
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3. Because repairing the leaking conduits was time consuming,
5 psig backpressure was applied to the external end of the conduits
to stop outleakage, The effect on the over-sll leak rate of eliminatlng
one cor more condults as leak sites gave a quantlitatlive estimate of the
leak rate through those particular condults. A conecentrated repalr
effort cculd them be applied to the worst lesking condults. However,
when the bullding was not pressurized, thls method could not be used
to detect leaking condults because many of the conduilts had leaks
through couplings in the underground span between the external end and
the containment bullding., ILeakage through these couplings could not be
differentiated from leakage intoc the containment building.

4, The maln instrument Junction box forms the seal for all instru-
ment ailr signal lines that run from the contaimment bullding to the
control house, EFEach line was traced and alr tested to be sure that the
ends were not open,

5. All access doors were tested with socap solutlon periodically
auring each test. The doors were sealing adequately.

6. Many discharge paths from the building were blanked off and
soap tested to Insure tilghtness during the test. These lncluded the
building sump pump discharge line, helium gas vent lines to the stack,
the D; supply lline, end a 12-inch, three-way wvalve that relleved reactor
overpressure to the atmosphere or building. The building vacuum breaker
was encased in & plastic bhag.

T. ©Several gystems were pressurlzed to greater than 5 psig to
prevent outleakage. These lncluded the helium system, the heating and
ventilating circulating water piping, and steam generator-miscellansous
heat exchanger coollng water systems. The spent fuel storage hasln was
filled to provide a water seal against air leakage.

8. All underground pilpe seals penetrating the bullding through the
sleeves shown 1in Flgure 2 were individually tested and found to be tight.

The leak sites found during these and other tests are summarized in
Table II.

Leakage through the Concrete

In January 1962, the leak rate persisted at 3.0~3.2% despite re-
peated efforts to locate and ellminate leaks. Condults head been elimi-
nated as & source of leakage by repalr or beackpressure. The other
penetrations had been ellminated., Four addltional lesks were detected
by observers in the contalmment building who listened for audible leaks

- 1% -



while all fans and equipment were shut down. The leak sites found

were a telephone cable conduit, a tiny hole in the concrete, a 1/4"
gag line fitting, and an electrical condult. Repair of these leaks
reduced the leakage rate to 2.5% (test number 11, Table I),

It was then concluded that the leakage must be escaping under-
ground through defects in the structure, The main Jjoint between the
steel shell, the concrete shell, and the zerco level floor slab was
one region suspected of leakage, and the Joint between the basement
floor slab and sumps wag ancther,

The two-phase program developed to determine if either of the two
reglons was a major source of leakage was as follows: (1) excavate
around the outsgide of the building to expose the main jolnt for soasp-
bubble testing, and (2) flood the basement floor and sumps to provide
a water seal. Scap tests of the main Jjoint revealed that leakage was
issuing from this region. Observers who observed the leaksge from this
region durlng the initial pressure test in November 1960, however,
estimated that the leakage did not appear to be significantly larger.

With the basement flcocoded with seven inches of water, the leak
rate was 0.66%. The humidity increase resulting from evaporation from
the large free surface of water caused a small pressure increase that
was accounted for in the leak rate calculation. A good knowledge of
the average humlidity was obtained and the humidity changes were small.
The maximum leak rate durlng the test period with no humldity correction
applied was 0.85%. It was concluded that the basement floor slab was
a major contribution to the leak rate of 2.5%. Additional leak testing
was postponed until after the completlion of the inltial critical and
low-power test period.

THIRD TEST SERIES

Leak tests were conducted in September 1962, tc determine the leak
rate prior to operating the HWCTR at appreciable powers. Test 14
(Table I) showed that the leak rate had increased to 8.1% since the
January tests. Test 15 was then conducted with the basement floor
flocded, and the leak rate was 4.7% per day. A number of leak sites
were found, including electrical conduits, access doors, and lsolatlon
valvesa, These leaks were repalred and tests 16 and 17 were made, The
leak rate was 4.2% per day before the minus 52-foot-level floor was
reflooded, and 4.1% per day after the flcor was flcoded. It is believed
that the cracks and volds in the floor slab hed not dried out since
test 15 and were still effectively sealed during test 16. Minor leakage
was detected at several ccndults, but no appreciable leakage was located.
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Source of Ieakage

Method of Detection

Electrical conduite - around the conduit
through the concrete,

Maln.shell jolnt,
Through electrical condults,

Ventilation and relief double butterfly
valves,

Air lock and access doors.

Instrument tubing junction box connections-
uncapped spares and leaking connections.

Hole in concrete weall.
Gas line fitting.
=52!' level floor slab at Joint to wall.

Observation at walls and floor slab,

Observation of soap bubbles at exterlior wall.

1. IListenlng to escaping air at the seal inside the bullding
and at the exterior end.

2, "Preon" released in bullding and detected at exterior end
with hallde detector.

3. Detecting sound of leaking air with "Ultrasonic Translator"*
Inside building.

4. Sealing exterior end of condult with "Dux Seal", inserting
balloon and observing inflation,

5. DBack-pressurizing condults affer sealing exterior end with
"Dux Seal™,

Audible leakage out drain valve between butterfly valves.

Obgervation of soap bubbles,

‘Individual pressure testing.

Audible to observer 1n pressurized bullding.
Audible to observer in pressurized bullding.

1. Comparison of leak rates with floor both flooded and dry.
2. Sensing of vibratlions uslng techniques developed by Mine
Safety Applicance Company.

* "Jltrasonlic Translator" 1s an ultrasonic sound detector manufactured by the Selcon Corporstion.
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ADDITIONAL. LEAKAGE REDUCTION EFFORTS

It was apparent that the leaktightness of the containment building
had deteriorated between January and September 1962, A program was
developed that had three major obJectives:

1. Reanalyze maximum credible accildent (MCA).

2. Develop & program to find and repalr all leaks, and to
evaluate other leak detection instruments,

3. Develop a method of seallng concrete slabg, walls, and jolnts,

The results of the MCA analysis showed that, with the addlition of
an internal iodine absorber system, an acceptable leak rate would be
7.6% per day with water on the floor at the minus 52 foot, 6 inch level
{reference 3).

Because the measured leak rate was 1n excess of the rate used 1n
the hazards evaluaticn, a limlf{ was placed on the reactor power and total
allowable fuel exposure, These limits reduced to.an acceptable level
the potential release of activity from the containment building in the
event of an accident.

During a short leak test on December 29, 1962, & thorough search
was made for addltional legks, Three additional condult leaks were
found. One of the legks was measured and had a rate of 1 gcfm at
5 psig. This could have accounted for approximately 1/3 of the best
September leak rate (Test 17). A repalr program was planned for an
extended reactor shutdown in April 1963, that lncluded:

1. Sealing of the spent fuel basin liner.

2. Repsir of leaking condults noted in the December 1962, test,
plus others to be tested during the shutdown.

3. Installation of humidity and building temperature indicators.

k., Surveying building during test with an "Ultrasonic Translator”
and other instruments developed by the Institute of Gas
Technology and the Mine Safety Appliance Company.

The installation of an iodine absorber system in the containment building
was also planned for thls shutdown.

The liner and curblng around the spent fuel basin was sealed with
"Fiberglas" and "Liquid Tile" in April. A test of the space between
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the liner and the concrete walls revealed no leakage at a pressure of
2" Hp0. Four leaking condults were repaired, Two conduits were
repaired by cutting out and replacing the old seals. Repairs to the
conduit that leaked at 1 scfm were made with "Iiquid Tile" and
"Fiberglas". The fourth condult was repalred by tightening the
threaded jolnts, Photographs of the seals that were removed are shown
in Figures 6 through 9. Cracks extending through the resin as well

as voids can be seen. In Figure 8, shrinkege from the end plate 1is
also apparent.

FOURTH TEST SERIES

The fourth test series was conducted from May 3 to 6, 1963. A
search for leak sites was made as the bullding was belng pressurized,
Very small leaks were found at the bypass line to the stack exhaust
line, the seven fcot access door, the inner main air lock door, and
the butterfly valves in the ventliation supply and building relief
lines. Only the leak at the stack bypass line was repaired at this
time, "Freon" was found leaking at 46 condults. All of the conduit
leaks were very small except for one that could be heard bilowing.

Although the one conduit leak appeared to be sizable, it was nct
repaired at thls time. Because the total leak rate was satisfactory,
a delay 1n starting up the reactor to repair the seal was consldered
not Jjustified., The condult seal was cut out and replaced in September
1963, However, when the seal was tested after removal, the leak rate

was only 1.6 scf/hr at 5 psig. Thils rate would have contrlbuted only
0.01% per day to the leakage at 5 psig, or 0.038% per day at 24 psig.

This experience illustrates the difficulty of trylng to determine
the contribution of an indivlidual leak to the total leak rate. No
method has been found to measure the indlvidual leaks 1n place, other
than back pressurizing or repairing them, and then attempting to measure
the difference in leak rate. This procedure 1s time consumlng if 50 to
100 leaks are involwved, Althocugh a leak may appear small as it exhausts
into the control house or electrical eguipment building, it could be
leaking at a hlgh rate underground through condult couplings. The
couplings connecting sections of conduilt together were not 1lntended
to be alrtight, and it is possible that water leakage into them forms
geals that make detection at the exterior ends impossible. As in the
case of the partlcular seal, shown in Figure 10, a leak that appears
large can actusally be negligible in 1lts contribution to the total.

It should be noted that the resin 1s dense and there are no volds or
cracks, as 1n the other seals.
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FIG, 6 SECTION OF INSTRUMENT LINE CONDUIT (NOTE CRACKS)
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FIG. 7 SECTION OF INSTRUMENT LINE CONDUIT (NOTE VOIDS)




FiG. 8 SECTION OF INSTRUMENT LINE CONDUIT
(NOTE SHRINKAGE AWAY FROM SLEEVE SURFACE)



INSTRUMENT LINE CONDUIT

FIG. 9 SECTION OF

{(NOTE VCID AND CRACK)



F1G.

(SEAL

10 SECTION OF

INSTRUMENT LINE CONDUIT
LEAKEND AT RATE OF 1.6 SCFH AT 5 PSIG)
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Throughout the 2% days of the test, conduits and other penetrations
were examined for leakage. "Freon™ had been released 1n the building
and halide leak detectors, together with the "Ultrasonic Translator"
were uged to search for leaks cutside the bullding. No contalnment
bullding entries were made between 9 PM, May 3, and 10:30 AM, May 6.

The "Ultrasonic Translator” was not used inside the buillding.

On May 6, numerous entries were made to the bulilding, primarily
te allow a representative from Illinoils Gas Institute to search for
leaks, The test equipment consisted of a tripod base and magnetic
bage which were connected to a plezoelectric accelerometer., The out-
put of the plezoelectric transducer was fed into a filter amplifier
and monitored simultaneously on a decibel meter and earphones, The
perimeters of the minus 52-foot-level slab, the zero-foot-level sglab,
and steel shell at zero level were Iinvestlgated, It was concluded
that four possible leak areas existed at -52 feet and three at zero
level., The leaks appeared to be very small and widespread over the
areas., No repairs were attempted.

The leak rate for the 58-hour pericd was 2.87% per day. This rate
is about 38% of the maximum allowed by the hazards evaluation
(reference 3). The improvement over the September 1962, leak rate
was attributed to the repairs made between September and May.

Installation of the lodine absorber unlis was completed at this
time, and the restrictions on reactor power and fuel exposure were
removed.

FIFTH TEST SERIES

The fifth leak rate test was made on August 15 and 16, 1964. The
measured rate was 2,5% of bullding volume per day, wlth the basement
floor dry. The procedures used were ldentical with those used In the

fourth test.

A gearch for leak sites was conducted continuously during the
test. One major leak was found in a butterfly valve, and was repalred.

LEAK RATE TEST PROCEDURES

The same general methods and procedures were used in all tests,
although improvements were made in successive test series as the result
cf the experience gained. The procedureg used in the fourth and fifth
test series provided a satisfactory method for measuring the leak rate.
The detalls of the leak rate determinations are described below, with
data from the fourth test Included as an example.
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Preparation for Test

It 1s necessary to shut off the air supply to instruments to
prevent lncreasling the contalnment bullding pressure and giving
erroneoug leak rateg, Because some tegsts are made whlle the reactor
contains fuel and moderator, speclal precautions are required to ensure
reactor safety, although the reactor is shutdown. Relatively simple
changes are made ln the process flows durlng the test so that only a
few instruments are needed to assure safe reactor control. A temporary
alr compressor 1ls lnstalled inslde the contalnment bullding to supply
important pneumatic instruments. In the control room, blasing relays
are lnstalled on these instrument recorders to permit perlcdlc compen-
satiocn for the changing bulldlng pressure.

As mentioned previously, numercus nonessentlal piping systems that
penetrate the containment building are blanked., Pressure vessels and
D0 storage drums are vented to prevent the possiblity of collapse. All
nonesgential machinery is shut down, The alr conditioning units are
left in operaticn to keep the internal alr temperature as uniform as
possible.

Test Procedure

The "reference tank" method of testing is used to minimize the
effect of fluctuating ambient alr temperature. The bullding is equlpped
with three reference tanks and the instrumentatlon shown in Figure 11,
With the Jumper installed between the U-tube pressure taps, the reference
tanks are opened to the bullding. Ailr is pumped Intec the bullding by a
diesel-driven compressor. When bullding pressure reaches 5 pslg, the
compressor is shut down and disconnected from the pressurlzing llne,
When the pressure in the reference tanks equallzes with the bullding
pressure, a8 shown by the U-tube manometer, the valves are closed and
the jumper ig removed. Loss of bullding pressure ie then measured by
the change in the liquid level in the legs of the manometer, Alr
temperature in the thin-walled reference tanks follows the change in
building temperature during the diurnal cycle. Although the AT is
small, it 1s necessary to correct for it.

An example of the AP data, for the fourth leak test, i1s shown 1n
Figure 12. The building pressure and temperature and the reference
tank temperature data are shown in Figure 13.
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FIG. 12 CHANGE IN MANOMETER AP DURING TEST 4
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Calculation of Leak Rate

There are two ways in which the leak rate can be calculated. For
the "reference tank" method, the leak rate 18 glven by:

I = AgP _ AgT < 2i ftloo (1)
r b 2 1
and
P, = P + AP (2}
where,

L = leak rate 1n % of bullding contents per day.

AP = difference between reference tank pressur: and bullding
pressure as meagured with the U-tube mancmeter, inches
of H0,

AT = reference tank temperatures minus bullding temperature, °C.
AAP = (AP)tz - (AP)tl

AAT = (AT)t2 - (AT)t1

P_ = reference tank pressure, inches of Hy0 (absolute).
T = average bullding temperature, °K,

tz-t; = duration of test period, hours,

P. = bullding pressure, measured from pressure taps attached
to the contalnment buillding, inches of H,0 (absolute).

The values of Py, Py, and Ty are measured at inltial time, t;.

The method used to convert the leak rate determined at 5 psig to
the equlvalent leak rate at higher pressures l1ls given in the Appendlx.
The leak rate at 5 psig 1s multiplled by 3.8 to obtain the leak rate at
24 psig. Changes in the bullding air temperature do not intrcduce an
error unless the AT changes. Seven thermocouples are provlided, as shown
in Figure 11, to determine reference tank and bullding temperatures,

The maximum AT variation was 0.7°C. A AT change of +0.7°C adds or
subtracts 0.27% to the leak rate of 0.76% per day. The average AT
between the reference tanks and bullding was 0.4°C. The average change
in AT from one hour to the next was 0.09°C. This contributes only
+0,04% to the leak rate. Thus, to keep potential errors from temperature
differences tc a minimum, the tops or bottoms of cycles are chogen as
leak rate Intervals.
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Good alr distribution In the bullding kept the spread of tempera-
tures from -52 feet to +48 feet between 1,2°C and U4,2°C.

Figure 13 shows the effect of amblent temperatures. It can be seen
that the highest temperatures occur in the late afterncon. The bullding
then cools until about 7 AM when the sun starts to heat 1t. When the
bullding cools, the temperature leads the pressure. However, during
heatlng, the pressure rise leads the temperature response. Although
this behavior is probably due to some pecullarity of instrument response,
it does cause difficulty with calculations.

Changes in vapor pressure of water inside the building affect the
total pressure belng measured. An increase in water vapor pressure
causes an indlcated increase in bullding pressure, or an apparent
decrease in the leak rate. To provide information about water vapor
pressure, four pairs of wet bulb-dry bulb thermocouples were installed
in locatlons shown schematically in Figure 11, From the temperatures
Indicated in the control room, changes were calculated in humidity and
water vapor pressure. Maximum differences occurred at sunrise and sunset
a8 the bullding temperatures changed. The greatest change was an
increase of about # inch of Hy0. Average vapor pressure change was
about 0.2 1nch of Hz0. This amount increases or decreases the leak

rate by 0.10%.

To calculate the leak rate between two times, it is necessary to
use equation (1) and apply the water vapor change correctlons. By this
method the leak rates were calculated for the various time Intervals in
Table ITII, There 1s good agreement between the rates of lines 4, 6, 7,
and 8, TInaccurate temperature and water vapor pressure corrections
probably cause the errors ln the other llnes except 1 and 2, The high
leak rates up to about 9:30 AM, May 4, are probably due to the
absorption of the air in the concrete, It ls concluded that calculatlons
made for a 24 or U8-hour period, or between night and morning, will be
rellable.

A simpler method can also be used to calculate the leak rate, If
the average of the temperature and water vapor pressure changes 1s zerc,
only the slope of the AP curve 1s needed. If all the AP data are valld,
a statistlcal analysis gilves the leak rate to any desired confidence,
Temperature and water vapor pressure changes appear as scatter in the
data. The slope of the AP curve was calculated by the method of least

squares and the leak rate 1s:
A L

= X
At Pa
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where,

AP/At = slope curve of AP versus time, inches of H,0 per hour.
P‘ba = average absolute building pressure, inches of Hy0.

From 11 PM, May 3, to 10 AM, May 6, AP/At = 0,1660 10,0025 (95% con-
fidence). From Figure 12, Ppg = 542.2 inches of Hp0. A constant
barometric pressure of 406.9 inches of H,0 was assumed,

Then: L = (0.1660 £0,0025) x (2% x 100)/542.2

H

4,43 (0.1660 £0.0025)

0.735 + 0,011% per day

A pressure of 542.2 inches of Hp0 = 4.83 psig., By the method of the
Appendix, the conversion factor to 5.0 psig 1s 1.029.

Then: L = (0.735 t0.011) x 1.029

"

0.756 +0.011% per day

And at 24 psig

(0.756 +0.011) x 3.792

=
]

2,867 £ 0,042% per day
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TABIE III

Legk Rates During 1963 Test

Time Interval, Leak Rate at 5 psig,

Dates and Times hours % of bullding volume/day
1. 1 AM, May % to 7 AM, May 4 6 1.59
2. 1 AM, May 4 to $:30 AM, May 4 8.5 1,20
3. 10:30 AM, May 4 to 3 PM, May 4 4.5 0.4%4
4, 6 PM, May ¥ to 9 AM, May 5 15 0.77
5. 6 PM, May 4 to 6 PM, May 5 24 0.85
&, 8 AM, May 4 to 8 AM, May 6 48 0.73
7. T PM, May 4 to 6 PM, May 5 23 .77
8. 5 PM, May 4 to 7 AM, May 5 14 .79
9. 11 AM, May 5 to 11 PM, May 5 12 0.66
10, 7 PM, May 5 to 7 AM, May 6 12 0.70
11. 8 AM, May 4 to 4 PM, May 4 8 0.62

Evealuation of Containment Building

The experience wlth the construction and testing of the bullding
leads to the ccenclusion that the bullding 18 structurally sound 1n all
respects. Although the leak rate increased between tests during the
early history of the bullding, repalrs 1n electrical condults and
mechanical c¢losures in the bullding accesses restored the leak rate to
near 1% per day at a pressure of 5 psig. During the interval of 15
months between the last two leak tests, the leak rate did not lnerease,
indicating that a condition had been achieved in which routine main-
tenance was sufflcient toc malntain a steady state leak tightness.

The recommendations, dlscussed in Reference 4, for future bulld-
ings of this type remaln unmodified by the test experlence with this
building. 'These recommendatlons, made by the original deslgn and
construction groups, are:

1. Pour the exterlor concrete shell and the grade flccor slab and
prestress the shell prior to pouring the interior shielding
walls and intermedlate floor slabg, Thils seguence should
eliminate cracks that resulted from pouring the shell against
interior walls and slabs and then prestressing.
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2. Make the shell at least 24% 1lnches thick, The greater thickness
would permit personnel inside the forms to observe the pouring

and provide more room for placing the concrete chutes and for
vibrating the concrete,

3. Eliminate horizontal runs of conduit and piping in the grade
level slab; conduit and plpling should emerge from the steel
shell rather than from the concrete.

4, Provide greater spacing between the penetrations in the concrete
shell to permit a better arrangement of restrictive reinforce-
ment and to facllitate pouring.

5. Apply thermal setting plastic resin on all interior concrete
surfaces,
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APPENDIX
CONVERSION OF 5 psig LEAK RATE TO 24 psig LEAK RATE

The converslon factor used to convert the leak rate determined
at 5 psig to the equivalent leak rate at 24 psig is derived as follows:

The equation below, for compresslble laminar flow, is assumed to
hold for leakage through many small tortuous paths.

W =K —7 (&)
Tb
where,
W = mass flow rate, 1b/hr.
K = permeabllity factor 1n appropriate units,
T = 1
P = average absolute pressure [z (Pbuilding + Patmospheric)}’

psia.
AP = pressure drop, psi.

T, = building temperature, °x,

The inltial mass of alr in pounds in the bullding is defilned by:

Pbo
M =C-— (5)
o} Tb
o
where,
Pb = Initial bullding pressure, psia
0
T

b = initial bullding temperature, °K

C = a constant for the bullding and for alr, in appropriate
units,

Subscript ¢ refers to Initial conditions,
The leakage rate, L', which 1s the mass of air leaked per day/

initial mass of air in building, can be expressed by comblning equations

(4) and (5) as follows:
T

— b
ohyw (K) PAP o
L'="=(=}{=—l1 —| (2%} (6}
C Pbo T,
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The ratio of L', at Pp,, to L' at Pp,, can be expressed as follows:

P T, T
! P,AP ° Py, P2
Ly [ EalP N 02 __“JE?~ﬂ
L', = P T

PoAP, bol b02 b,

Tbo sz
The temperature term, E—"JE7“3 can be ignored because the bullding
bo 131
2

temperature is maintained nearly constant by the air conditioning system,
The term P, the average of the absolute pressure within the

building and the absolute pressure outside the building, can be taken

as a constant for any glven test 1f the leakage is small.

The ratioc of L', at a test pressure of 24 psig to L'; at a test
pressure of 5 psig is then:

LYy _ (26.7 2% 19.7, _
o, - 72! B GE) - 38

In the case of turbulent flow, the mass flow equation is:

P
_ i‘ P,0P, 0p %a
P.AP, \ Tb 1
03
and the leakage ratic is:
L;; P,AP; o Y £f2
L ?}APZ Pb f,
01

where, f 1s the friction factor.

The leakage ratios for turbulent flow are qulite different, e.g.,
the L';/L', ratio for a test pressure ratio of 24 psig/5 psig would be
1.39, as opposed tc 3.8 for laminar flow (assuming the friction factor
does not change appreciably).

The conversion factor of 3.8 was tested experimentelly, on
January 13, 1962, by increasing the test pressure from 5 to 12 psig.
In this case the calculated L';/L', ratioc for the 12/5 test pressure
ratio was 2.13 and the measured ratic was 2.2%, For this case, the
L'y /L', ratio for turbulent flow 1s 1.25, It was concluded that the
leakage occurred as laminar flow, and that the 3.8 conversion factor
was correct.
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The ratlo of L'; at Pp,» to L', at Pba: can be expressed ag follows:

P T T
' e b b by
L'y P.AP, Op Q3
L'2 - P T T
PoAP5 P, by, P2
Tbo Tb2
The temperature term, T T can be ignored because the building
b b,
Oz

temperature is malntalned nearly constant by the alr condltioning system.
The term P, the average of the absolute pressure within the

building and the absolute pressure outside the buildlng, can he taken

as a constant for any glven test 1f the leakage 15 small,

The ratlo of L'; at a test pressure of 24 psig to L'y at a test
pressure of 5 psig is then:

L! 26.7, 24, ,19.
- EDhEIGED - 3.8

In the case of turbulent flow, the mass flow equation is:

P
w - K [EbE oz \[ fa
fJ Foar, \ Fo f1
Q1
and the leakage ratlo is:
— Pb
i:, 14P, op M f2
P.AP, B f
01

where, £ 1s the friction factor,

The leakage ratios for turbulent flow are guite different, e.g.,
the L',/L', ratio for a test pressure ratio of 24 psig/5 psig would be
1.39, as opposed to 3.8 for laminar flow (assuming the friction factor
does not change appreciably).

The conversion factor of 3.8 was tested experimentally, on
January 13, 1962, by increasing the test pressure from 5 to 12 psig.
In this case the calculated L';/L', ratic for the 12/5 test pressure
ratlio was 2.13 and the measured ratio was 2,24, For thls case, the
L'l/L'2 ratlc for turbulent flow is 1.25. It was concluded that the
leakage occurred as laminar flow, and that the 3.8 conversion factor
was correct.
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