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The containment vessel completely encloses the reactor coolant

system to ensure no leakage of radioactive materials to the environment
in the unlikely event of a loss of coolant accident. The containment
system incorporates a free-standing containment vessel surrounded by a
low leakage reinforced concrete shield building. A four foot annular air
space 1s provided between the outer wall of the containment vessel and
the inner wall of the shield building to allow filtration of any
containment vessel leakage during accident conditions to minimize off-
site doses.

The free-standing containment vessel is a two inch thick circular
cylinder, with a one inch thick hemispherical dome and a two inch thick
ellipsoidal bottom. The overall vessel dimensions are: 140 font diameter
by 240.5 foot high. The vessel wall thickness is increased to a minimum
of four inches adjacent to all penetrations and openings. The vessel is
fabricated of ASME-SA 516 Grade 70 fully killed pressure vessel guality
steel plate. The net free volume of the containment is approximately
2,680,000 cubic feet.

The containment vessel structure includes one personnel airlock, one
emergency escape airlock, one fuel transfer tube, one equipment
maintenance hatch, and one seal-welded construction hatch. All process
piping and electrical penetrations are welded directly to the containment
vessel nozzles, with the exception of the main steam, main feedwater, and
fuel transfer tube penetrations. These penetrations are provided with
testable expansion bellows to allow for thermal growth or building
differentizl motion.

The containment vessel is designed and constructed in accordance with
the requirements for class MC vessels contained in Section III,
Subsection NE of the ASME Code, 1971 Edition including Summer 1971
Addenda and Code cases 1431, 1454-1, and 1517, as approved by the USNRC
Regulatory Guides 1.84 and 1.85. The containment vessel is code stamped
in accordance with Paragraph NE-B000 of Section IIl1 of the ASME Boiler
and Pressure Vessel Code. The containment vessel and all penetrations
are designed to limit total leakage to less than 0.5 percent by weight of
the containment air mass per day at a design pressure of 44 psig. The
calculated peak accident pressure for the design basis accident at
Waterford SES Unit No. 3 is less than 44 psig.






5.0

Passi tai fail

Passive (unloaded) failure oi the containment structure (containment
shell, penetration pipes, or welds) is not credible during normal
operation. Under normal operating conditions., the containment is
essentially at atmospheric pressure, so there is no significant
stress that could cause a structural leak or failure. Passive
failures resulting in significant containment structural leakage are
therefore extremely unlikely to develop between Type A tests. No
such failures have ever occurred at Waterford 3. Waterford 3
personnel performed a review of industry data and sources and did not
find a single reported case wherein a Type A test failed to meet
Appendix J acceptance criteria as a result of a containment
structural leak not due to initial fabrication or a plant
modification. Since passive failure of the containment structure is
not a credible containment isolation failure mode, the impact of
changing the Type A test frequency on the probability of containment
failure is negligible.

Containment failure pressure

Pressures several times higher than the containment design pressure
of 44 psig, reference eleven, are needed to cause containment
structural failure. During normal operation there is no containment
pressure-related stress on the containment shell or penetration
pipes. The only pressure on the passive containment isolation
boundary is pressure internal to pipes that are part of operating
systems and penetrate containment. I1f such pipes were to rupture
during operation, the failure would be immediately detected and would
not be a latent failure as described previously. Changing the Type A
test frequency would have no effect on the probability of containment
isolation failure during an accident.

Compliance With 10CFRS0.12

The following information demonstrates compliance with 10CFR50.12.

Section (a)(2)(ii): [The underlying purpose of the requlation is
achieved]

The underlying purpose of 10CFR50, Appendix J, is achieved. 10CFRS0,
Appendix J, states that the leakage test requirem'ats set forth in
this appendix provide for periodic verification by tests of the leak
tight integrity of the primary reactor containment. The appendix












Risk ct A i

From a risk standpoint, the purpose of Appendix J containment leak
testing is to detect any containment leakage resulting from failures in
the containment isolation boundary before an accident occurs. Such
leakage could be the result of leakage through containment penetrations,
through airlocks, or through containment structural faults. The Appendix
J Type B and C tests, which are unaffected by the proposed change, will
detect leakage through containment valves and penetrations and through
airlocks. Thus, the only potential affect of the proposed change to the
Type A test frequency is to the probability that containment structural
leakage would go undetected between tests. Since there is no credible
failure mode for the containment structure under normal (unloaded)
conditions, there is no possibility of a containment structural failure
during normal operation. Therefore a change in the Type A test frequency
would have no impact on the probability of containment failure during an
accident. The following discusses these points in more detail.

1 tin

The purpose of containment leak testing is to detect any containment
leakage resulting from active or passive faiiures in the containment
isolation boundaries before an accident occurs (termed latent failures).
The existing Type B and C testing programs will continue to effectiveiy
detect containment leakage caused by the degradation of active
containment isolation components (e.g., valves) as well as sealing
material within containment penetrations. The only potential failures
that would not be detected by Type B and C testing are mechanical failure
of the containment shell, penetration guard pipes, or welds between pipes
and the containment shell. Only these containment structural failures
could possibly be affected by the proposed change to the Type A testing
frequency.

Effect of leak test freguency

Changing a leak test frequency has no effect on the probability of a
latert failure nor on the probability of containment failure caused by
accident pressures. The test frequency only affects the length of time
that the containment would be in an undetected failed state as a result
of a latent failure, in the unlikely event that such a failure had
occurred. Increasing the time during which containment is failed, the
exposure time, increases the probability that if an accident were to
occur, it would occur when the containment was already failed.



further states that the purpose of the tests are to assure that
leakage through the primary reactor containment shall not exceed ihe
allowable leakage rate values as specified in the technical
specifications or associated bases.

Section II1I.D states that a set of three periodic Type A tests

shall be performed at approximately equal intervals during each 10
year interval. This exemption would change the Type A test schedule
to one Type A test each ten year interval. The methodology,
acceptance criteria, and the technical specification leakage limits
for the performance of the Type A test will not change, and the Type
A tests will be performed in accordance with 10CFR50, Appendix J, and
the Waierford 3 licensing bases.

The testing history, structural capability of the containment, and
the risk assessment estabiish that Waterford 3 is a Tow leakaye
containment, the structural integrity of the containment is assured,
and that there is a negligible risk impact in changing the Type A
test schedule.

Thus collectively, there is significant assurance the Type A tests
performed over a ten year schedule will continue to provide periodic
verification of the leak tight integrity of the containment.

ion iv): [T ] t

The implementation of the exemption would achieve a safety benefit
for the public. Extending the Type A periodic test schedule will
reduce radiation exposure attributed to valve line-ups and
inspections. The containment must be depressurized after a Type A
test. About 8.2 million standard cubic feet of air is released to
the environment. The estivated radioactive releases for the second
periodic Type A test at Waterford 3 were about 2.75 E04 gaseous, 2.85
EO1 iodine, and 6.07 t03 particulate micro-curies. Therefore,
performing the Type A tests at longer intervals will reduce
radioactive releases to the environment. Also, in order to perform
the Type A test, the containment is closed and all containment work
activities and equipment operations are terminated. Generally, the
outage personnel working on containment tasks cannot be quickly and
fully utilized on other tasks during the time the test is being
performed. The critical path days required for the performance of
the Type A test is about 3.0 critical path days. Thus, there is a
significant non-utilizaiion of resources considering the large number
of personnel working in containment and the number of equipment



operations held in abeyance as a result of the testing. The
resources required for personnel actually doing the Type A test is
about 1500 man-hours. Thus collectively, it is estimated there are
about 16,000 man-hours of non-utilization resources that could be
dedicated to safety significant outage activities.

Section (a){2)(vi) [There are material circumstances not considered
when the regulation was adopted]

The benefit of time has provided the experience und information which
provide a better perspecti.ve about containment integrity. Two
important material circumstances are testing history and containment
structural integrity information.

Since the promulgation of 10CFR50, Appendix J, 1973, about 20 years

of nuclear power plant operating history has been obtained. The |
Waterford 3 operating history establishes that the Waterford 3
containment is a low leakage containment, and it did not exceed 24.6%
of Ly (0.5% wt per day) or 32.8% of the acceptance criteria 0.75 L,
(0.375% wt per day). Waterford 3 personnel performed a review of
industry data and sources and did not find a single reported case
wherein a Type A test failed to meet Appendix J acceptance criteria
as a result of a containment structural leak not due to initial
fabrication or a plant modification. Thus 20 years of operating
history provide a significant indicator that containment structural
integrity is not a safety concern.

Many technical studies have been performed and PRA tools have been
developed which provide a better perspective about the structural
integrity of containments and the likelihood of loss of containment
integrity compared to other risks. As part of the IPEs that have
been performed, structural analyses of containments have established
that the containment failure pressures are high ranging from about
2.2 to 8.8 times design pressure. During normal operation the
containment is at essentially atmosphere pressure so there is no
significant stress that could cause a structural crack or failure.
Secondly, IPEs have better defined the relative risks of plant
operations. The likelihood of losing containment integrity as a
result of extending the Type A test schedule is negligible compared
to other risks like small break LOCA or station blackout. Thus
Waterford 3 would be able to redirect significant resources to those
activities having a higher risk profile.



6.0

7.0

Implemenitation

The third Type A test is required to be performed refuel 7, see
references five through nine, attachment two. Waterford 3 proposes
that the third Tyvpe A test be required to be performed within ten
years from the second periodic Type A test or by May 12, 2001. The
technical specification license amendment request, reference one,
requires that the third periodic Type A test be performed within ten
years from the second periodic Type A test.

References

1.0 Waterford 3 Letter to NRC, W3F1-93-0305, dated November 16,
1993

2.0 Waterford 3 Letter to NRC, W3P83-2399, dated July 19, 1983.

3.0 Waterford 3 Letter to NRC, W3P88-1283, dated August 23, 1988.

4.0 Waterford 3 Letter to NRC, W3F1-91-0447, dated August 12, 1991.

5.0 Waterford 3 Letter to NRC, W3F1-93-0034, dated May 7, 1993.

6.0 Waterford 3 Letter to NRC, W3F1-93-0041, dated May 7, 1993.

7.0 NRC Environmental Assessment Related to a Reguest for Exemption
from the Requirements of Section 111.D.(a) of Appendix J to

10CFR Part 50, dated June 22, 1993.

8.0 NRC Exemption to 10CFR Part 50, Appendix J, Section
111.D.1.(a), dated August 12, 1993.

9.0 NRC Issuance of Amendment No. 85 to Facility Operating License
NPF-38, dated August 12, 1993.

10.0 Waterford 3 FSAR, Table 6.2-3. |
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Attachment Two to Letter
W3F1-93-0098 References



-nhm Operations, inc.

W3F1-93-0305
A4.05
PR

November 16, 1993

Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555

Subject: Waterford 3 SES
Dockst No. 50-382

License No. NPF-38
Technical Specification Change Request NPF-38-143

Gentlemen:

The attached description and safety analysis support a change to the
Waterford 3 Technical Specifications. This submittal requests a change to
technical specification surveillance requirement 4.6.1.2.a and technical
specification bases 3/4.6.1.2. The purpose of this technical
specification change request is to change the periodic test schedule for
Type A test from a set of three Type A tests performed at approximately
equal intervals during each 10-year period, as specified in 10CFRS0,
Appendix J, Section II1.D, to one Type A test performed at ten year

intervals.

This proposed change has been evaluated in accordance with
10CFR50.91(a)(1), using the criteria in 10CFRS0.92(c) and it has been
determined that this request involves no significant hazards

consideration.

On May 4 at the annual Regulatory Information Conference, Dr. Murley
announced a pilot program, Cost Beneficial Licensing Action Initiative
(CBLA), established by NRR to give special consideration to licensee

vac,
IS1202O3I2Y



Technical Specification Change Request NPF-38-145
W3F1-93-0305

Page 2

November 16, 1993

requests for changes requiring staff review that involve high cost and low
safety benefit. In response to Dr. Murley's initiative, Entergy
Dperations met with NRR staff on June 8, 1993, to present am initial list
of CBLAs. As discussed on June 8, 1993, the proposed change to the
Appendix J Type A retest schedule is being submitted under the CBLA
program.

Waterford 3 letter W3F1-93-0098 documents the exemption to 10CFRS0,
Appendix J, Section 111.D, and this letter thus also provides the detailed
justification for this technical specification amendment request.

The technical justification is predicated on the following technical
bases:

1. I ing Hi

The Waterford 3 Type A test history provides substantial
justification for the proposed test schedule. Three Type A tests
have been performed over an eight (8) year period with successful
results. The tests indicate that Waterford 3 has a low leakage
containment and that the leakage has never exceeded 24.6% of L.

2. r r ili f
There are no mechanisms which would adversely affect the structural
capability of the containment and that would be a factor in
extending the Type A test schedule to ten years.

3. Ri A t

A risk impact assessment was performed, and a determination was made
that there is essentially no risk impact as a result of changing the
Type A test schedule.



Technical Specification Change Request NPF-38-145
W3F1-93-0305

Page 3

November 16, 1993

In summary, we believe this exemption reguest is an excellent case of a
requirement marginal to safety. The provisions of 10CFR50.12 are
satisfied, the exemption is technically justified, and there is a benefit
to the public health and safety.

Please contact me or Robert J. Murillo should there be any questions
regarding this matter.

Very truly yours,

~ ) \ . _
ggl.lb?iﬂx\,“¢;;;);‘~\\
R.P. Barkhurst

Vice President, Operations

Waterford 3

RPB/RJM/tmm

Attachment: Affidavit
NPF-38-145

cc: J.L. Milhoan, NRC Region IV
D.L. Wigginton, NRC-NRR
R.B. McGehee
N.S. Reynolds

NRC Resident Inspectors Office

Administrator Radiation Protection Division
(State of Louisiana)

American Nuclear Insurers



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

In the matter of

Entergy Operations, Incorporated Docket No. 50-382

Waterford 3 Steam Electric Station

AFFIDAVIT

R.P. Barkhurst, being duly sworn, hereby deposes and says that he is Vice
President Operations - Waterford 3 of Entergy Operations, Incorporated; that
he is duly authorized to sign and file with the Nuclear Regulatory Commission
the attached Technical Specification Change Request NPF-38-145; that he is
familiar with the content thereof; and that the matters set forth therein are
true and correct to the best of his knowledge, information and belief.

wém\k\m&\

R.P. Barkhurst
Vice President Operations - Waterford 3

STATE C7 LOUISIANA )
) ss
PARISH OF ST. CHARLES )

Subscribed and sworn to before me, a Notary Public in and for the Parish and
State above named this /G " day of AevimadiR , 1993,

___Z:fS'¥Qu. b fi?ﬂf\./—)

Notary Public

My Commission expires «v @ 7 &/«




DESCRIPTION AND SAFETY ANALYSIS
OF PROPOSED CHANGE NPF-38-145

The proposed change requests a change to technical specification surveillance
requirement 4.6.1.2.a and technical specification bases 3/4.6.1.2. The purpose
of the technical specification change amendment is to change the test schedule
for Type A tests from a set of three Type A tests performed at approximately
equal intervals during each 10-year period, as specified in 10CFR50, Appendix
J, section I11.D, to one Type A test performed at ten year intervals.

isting Specifi i
See Attachment A
Proposed Specification
See Attachment B
Background Description

10CFRS0, Appendix J, section 111.D, technical specification surveillance
requirement 4.6.1.2.a and technical specification bases 3/4.6.1.2 require that
a set of three Type A tests be performed at approximately equal intervals
during each 10-year period. This technical specification license amendment
request changes the Type A schedule to one test performed at 10 year intervals.
The technical justification for this request is predicated on the following
technical bases:

1. Ivpe A Testing History

The Waterford 3 Type A test history provides substantial justification
for the proposed test schedule. Three Type A tests have been performed
over an eight (8) year period with successful results. The testis
indicate that Waterford 3 has a Tow leakage containment and that the
leakage has never exceeded 24.6% of L,.

2.  Structural Capability of Containment

There are no mechanisms which would adversely affect the structural
capability of the containment and that would be a factor in extending the
type A schedule to ten years.



3.  Risk Impact Assessment

A risk impact assessment was performed, and a determination was made
that there is no risk impact as a results of changing the Type A test
schedule.

Waterford 3 letter W3F1-93-0098 documents the exemption to 10CFRS50, Appendix J,
section I11.D, and this letter provides the detailed justification for this
technical specification amendment request.

Safety Analysis

The proposed change described above shall be deemed to involve a significant
hazards consideration if there is a positive finding in any of the following
areas:

L. Will operation of the facility in accordance with this proposed change
invelve a significant increase in the probability or consequences of an
accident previously evaluated?

Response: No

The Waterford 3 Type A test history provides substantial jusficiation
for the proposed test schedule. Three type A tests have been performed
over an eight (8) year period with successful results. The tests
indicate that Waterford 3 has a Tow leakage containment and that the
leakage has never exceeded 24.6% of L,. There are no structural
mechanisms which would adversely affect the structural capability of the
containment and that would be a factor in extending the Type A test
schedule to ten years. A risk impact assessment was performed, and 2
determination was made that there is no risk impact as a result of
changing the Type A test schedule. Therefore, the proposed change will
not involve a significant increase in the probability or consequences of
any accident previously evaluated.

2. Will operation of the facility in accordance with this proposed change
create the possibility of a new or different type of accident from any
accident previously evaluated?

Response: No.

There are no design changes being made that would create a new type of
accident or malfunction. The proposed change will not alter the plant or
the manner in which it is operated. The change proposes a change to the
schedule for performing the periodic Type A test. The purpose of the



test is to provide periodic verification by test of the leaktight
integrity of the primary reactor containment, and systems and components
which penetrate containment. The tests assure that leakage through
containment and systems and components penetrating containment will not
exceeed the allowable leakage rate values associated with conditions
resulting from an accident. The change in schedule for performing the
Type & test will not adversely affect the containment integrity in the
event of an accident. Therefore, the proposed change will not create the
possibility of a new or different type of accident from any accident
previously evaluated.

- 1 Will operation of the facility in accordance with this proposed change
invelve a significant reduction in a margin of safety?

Response: No

The proposed change is a change to the schedule for pertorming the
periodic Type A tests and does not reduce the margin of safety assumed in
accident analysis for release of radioactive materials from the
containment atmosphere into the environment or any margin of safety
preserved by the Technical Specifications. The methodology, acceptance
criteria, and the technical specification leakage 1imits for the
performance of the Type A tests will not change, and the Type A tests
will be performed in accordance with 10CFR 50, Appendix J, and the
Waterford 3 licensing basis. Therefore, the proposed change will not
involve a significant reduction in a margin of safety.

ignifi r

Based on the above safety analysis, it is concluded that: (1) the proposed
change does not constitute a significant hazards consideration as defined by 10
CFR 50.92; (2) there is a reasonable assurance that the health and safety of
the pubiic will not be endangered by the proposed chanye; and (3) this action
will not result in a condition which significantly alters the impact of the
station on the environmert as described in the NRC final environmental
statement.
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CONTAINMENT SYSTENS
LU AR L A L 3 R LT

d.  Three Type A tests (Overall Integrated Containment Leakage Rate)
shall be conducted at 40 & 10 month intervalg*e during shutdown at
either P, &4 psig, or at P, 22 ps1g, during each 10-year service
period. The third test of sach set shall be conducted during the
shutdown for the 10-year plast inservice inspection.

b. If any periodic Type A test fails to meet efther 0.75 L, or 0.75 Le)
the test schedule for subsequant Type A tests shal) be reviewnd and
approved by the Commission. If twe comsecutive T A tests fail to
moet efther 0.75 L or 0.75 L, & Type A tast shall be performed at
Teast every 18 months until two comsecutive Type A tests meet efther
0.7% or 0.7% L, ot which time the above test schedule may be
res .

€. The accuracy of each Type A test shall be verified by & supplesenta)
tes) which:

1. Confirms the accuracy of the test by nﬁfyh’ that the supple-
mental test result, L, winus the sum of the Type A and the
superimposed Teak, L, are equal to or Tess thas 0.25 | .

2. Has a duratiom sufficient to establish sccurately the change in
Teakage rate between the Type A test and the supplemental test.

3. Requires the guantity of gas injected inte the comtaimment or
bled freo the contairment during the supplemental tost to be
between 0.75 L and 1.2§ L.

d. Type § and C tasts shall be conducted with gas at P, &4 psig, at
intervals ne greater tham 24 momths® except for tesls fmvolving:

1.  Afr locks,
2. Purge supply end exhaust 1solation valver with resilient
saterial seals.

Wostin‘ for the first cycle of operation shall be dome during the first
refuel ing outage.

**A one time extension of the test interval is allowsd for the third Type A

test of the first 10-year service period, provided that rﬂm of the
Type A test occurs prior to unit restart following Refuel 7. .

WATERFORD - UNIT 3 3/4 6-3 AMENOMENT NO. 4, 85



1/8.6.0 PRINARY CONTAINSENT
14800 CONTAINMENT INTESRITY

Primary CONTAINMENT INTEGRITY ensures That the release of radicactive
materials from the containment atmosphare will be restricted to those leakage
paths and associated Teak rates assumed in the safety analyses. This
restriction, in conjunction with the leakage rate limitation, will Vimit the
SITE BOUNDARY radiation doses to within the limits of 10 CFR Part 100 during
accident conditions.

UL6.0.2 CONTAINNENT LEAKAGE

The Timitations on containment Teakage rates ensure that the tots)
containment leakage volume will not excesd the valus assumed in the safety
analyses at-the poak accideat pressure, F.. As an added comsarvatisa, the
seasured overall integrated leakage rate 1s further limited to less than or
equal to 0.7§ L‘: Tess tham or equal to 0.75 L, as applicable during
performance of periodic tests to sccounmt Tor possible degradation of the
containment leakage barviers between leakage tests.

The surveillance requirements for mseswring Inhr rates are consistent
with the requirements of Appendix J of 10 CFR Part §0.

Secondary containmest bypass lun= paths fously, Table 3.6-1, have
been incorporated iate plamt procedure -ung"

14.6.0.3 CONTAISNT AR LOCKS

The Timitations on closure and Tesk rats fer the comntainment air locks
are roquired Lo meet the restrictions ow CONTAIMMENT INTEGRITY and containment
Teak rate. Surveillasnce testing of the air Tock seals prevides sssurance that
the overall afr Tock Teakage will net become excessive duwe to seal damage
during the istervals Detween afr lock Toakage tests.

*A one time extension of the test interval 15 allowed fer the th
test of the first 10-year service period, as required by
Requirement 4.5.1.2.2 and by Section I111.0.(a) of Appendix J te 10 CFR
Part 50, provided the performance of the Typi A test eccurs prier to unit
restart following Refeel 7. .

_ WATERFORD - UNIT 3 B 3/4 61 RAENOMENT NO. 7%, B5




NPF-38-145

ATTACHMENT B



CONTAINMENT SYSTEMT

SURVEILLANCE Requirements (Continued)

3 & Three Type A test s [Overal] Integrated Containment Leakage Rate)
17 he conducted 40—+ l0-menthintervals during shutdown
eitner Py, 44 psig, or at Py, 22 psig, during-esch-il-yesr

4=v$ee—aea;ed——-J2n»4;n4wL4u!a+i#Leeeb-se&-&hall4u>4auuh£4ee
G b St ey S e e S s iu=¢4an%—4ase¢v4ee—4asaeeé4en- at

intervals no greater than 10 years —.

b If any periodic Type A test fails to meet either 0.75 L, or 0.75 Lg.
the test schedule for subsequent Type A tests shall be reviewed and
approved by the Commission. If two consecutive Type A tests fail to
meet 2ither 0.75 L, or 0.75 Ly. a Type A test shall be performed at
least every 18 months until two consecutive Type A tests meet either
0.75 Lz or 0.75 Ly at which time the above test schedule may be
resumed

¢ The accuracy of each Type A test shall be verified by a supplemental
test which:

1 Confirms the accuracy of the test by verifying that the supple-
mental test result, L.. minus the sum of the Type A and the
superimposed leak. L, are equal to or less than 0.25

2. Has a duration sufficient to establish accurately the change in
Teakage rate between the Type A test and the supplemental tect

3 Requires the quantity of gas injected into the containment or
bled from the containment during the supplement)! testi to be
between 0.75 L, and 1.25 L;.

d. Type B and C tests shal) be ronducted with gas at Pp. 44 psig. at
intervals no greater than 24 months™ except for tests involving:

1. Air locks,

2. Purge supply and exhaust 1solation valves with resilient
material seals.

*Testing for the first cycle of operation snall be done during the first
refueling outage.

" .
¢ € 0 oy | : : ¢
B R eSS L Ve third Type A test

e performed within ¢ en”,ears of the second periodic Typ

HHATERFORD“ MUNIT 3~~~~~~V— iy 3/4 -3 e W ﬁié"ﬁﬁéﬁi 85




3/4.6 CONTAINMENT SYSTEMS

BASES

3/4 6.1 PRIKARY CONTAINMENT

3/4.6.1.1 CONTAINMENT INTEGRITY

Primary CONTAINMENT INTEGRITY ensures that the release of radioactive
materials from the containment atmosphere will be restricted to those leakage
paths and associated leak rates assumed 1n the safety analyses. This
rectrvc* on, in conjurction with the leakage rate 1imitation. will 1imt the
SITE BOUNDARY radiation doses to within the limits of 10 CFR Part 100 during
accigent conditions

3/4. 6.1.2 CONTAINMENT LEAKAGE

'ne Timitations on containment leakage rates ensure that the total
containment leakage volume will not exceed the value assumed in the safety
analyses at the peak accident pressure, P;. As an added conservatism, the
measured overall integrated leakage rate 15 further 1imited to less than or
equal to 0.75 L, or less than or equal to 0.75 Ly . as applicable during
performance of the periodic tests to account for possible degradation of the
containment leakage barriers between leakage tests.

The surveillance requirements for measuring leakage rates are cons’stent
with the requirements of Appendix J of 10 CFR Part 50.*

Secondary containment bypass leakage paths previously, Table 3 .6-1, have
been incorporated into plant procedure UNT-005-07¢

3/4.6.1.3 CONTAINMENT AIR LOCKS

The Timitations on closure and leak ~ate fur the containment air locks
are reguired to meet the restrictions on CONTAINMEY™ ~ TEGRITY and containment
leak rate. Surveillance testing of the air lors .=47° , pvides assurance that
the overall air lock leakage will not become e 5 v+ due to seal damage
during the intervals between air lock leakage 1

WATERFORD - UNIT 3 B 3/4 6-1 AMENDMENT NO.
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/! 142 DELARDNDE STREET @ 20 BOX 8008

NEW DR EANE LODUBANA 701 748008 ® B0« 3662340
iy July 19, 1983
W3PE1-2399
3- 71.04
3~

Director of Nuclear Reactor Regulation
Attention: Mr. G. W. Knighton, Chief
Licensing Branch No. 3

Division of Licensing

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUBJECT: Waterford SES Unit 3
Docket No. 50-382
Reactor Containment Building Integrated Leak Rate Test

Dear Sir:

In accordance with the requirements of the Code of Federal Regulations,
Title 10, Part 50, Appendix J - Primarv Reactor Containment Leakage Testing
for Water-Cooled Power Reactors, enclosed please find five copies of the
summary technical report detailing results of the preoperational Type A
Integrated Leakage Rate Tests performed for Waterford 3.

Included in the report is a schematic arrangement of the leakage rate
measurement system, and a description of the instrumentation, the
supplemental test method and the test program employed. Also contained

in the report is a presentation of the leakage rate test data along with

an analysis demonstrating the acceptability of the containment leakage rate
in meeting the prescribed acceptance criteria.

Should you have any questions or comments in this matter, please contact
me or Mike Meisner at (504) 363-8938.

Yours ;’:; truly,
A Asan 1
F. nd §

Project Support Manager-Nuclear

FID/MIM/ch
Enclosure

cc: W. M. Stevenson, E. L. Blake, J. Wilson (NRC), J. T. Collins (NRC~Region 1IV),
G. L. Constable (NRC, Resident Inspector)



~ ConTAINEAT
Apgren i Gl e

B D R R e AR ke B R e e D T e L R S e ‘\.“4“"4’1“":”]‘"4A
e PP dssy ! 7 s X ks




g

CCNTATNNE

ek
s

i




WATERFORD STEAM ELECTRIC STATION
UNIT NO. 3
TAFT, LOUISIANA

DOCKET NUMBER 50-382

REACTOR CONTAINMENT BUILDING
INTEGRATED LEAKAGE RATE TEST

FINAL REPORT

Prepared for:

LOUISIANA POWER & LIGHT COMPANY

Prepared by:

77 Kackon

M Rubin
Ebasco Staff Engineer

———

wh - Wl 85
Reviewed by:
Joint Test Group
Louisiana Power & Light Company
Waterford SES Unit No. 3

Agproved by: : '

P B Dillon
Ebasco Manager - Plant Test & Start-up

Date of Test Completionm:
May 1, 1983



1.
11.

I11.

Iv.

Ve

vVi.

TABLE OF CONTENTS

INTRODWTION......................'..I......................

SmnuY...'.....O"...................l.'............‘...’..

TEST DISCUSSION..................Q...'....l.........I".....

A.

C.
D.

E.

Description of the Containmentecescescscosscscscsescennes
Description of ILRT Test Instrumentatiofeccecssscscscces
1. Temperlture InstrupentatioNesccscesssescscovnscecrnne
i+ Humidity InstrunentationNeicescececoscsocncsssesrennce
3. Pressure InstrumentationNeccsessssesccncsscnnccccncne
4, Flow InstrumentatiOfNececcssccsssccssscsccsscssccsvece
Se Instrumentation Selection Guide (156)0...0...0-.00.0
Contzinment Pressurization Equiplent...................-

DQ‘Cfiptiﬁﬂ of the Computer Prog'rall.......n..:...--....

k‘cription of the Te.tiﬂs Sequence..n...............n

MYSIS AND INTERPRETATION...O....0..0......l........‘..l..

FIGURES.'............................ll.................. L

1. RTD Location and VoluM€csessvescesesscncsssnsscsacnnnse
2. RHD Location and Voluleeesesssscsnsscscssssnscnsnnnse
3. Flow Diagram for Pressure Semsing and

Controlled Le.klge.oooo-ooooooontoooooocoo-ooooooooo
4. Flow Di.y“ for Pressurization sy‘te-coooooooooo-oo
5. Test Seqmceoocoocoooooouoootooooooooooonoooooo.o-o

APPENDICES (COMPUTER GENERATED REPORT)

A

Reduced Pressure ILRT.ccecenscsccscscscssscssccscnecones

1. Tuperature StabilizatioNeecsesscosevscsnscvsascnoces
2« Inte‘rlted Leakage Rate Test (ILRT) cecsvecocscacssnes
3. Controlled LC“.&Q Rate Test (CLRT)...-.............

Page

w

[~ TR VR S o

10
13-18

14
15

17
18

Al-AS5]1

Al-A3
A4=A3Z
A33-A51



TABLE OF CONTENTS (Cont'd)

vi. APPENDICES (COMPUTER GENERATED REPORT) (Cont'd)
B. Peak Pressure IlRTsecevenosencscssscsncssssssssscscssnnse
1. Telperature Stabilizationeesescscscccencssscssscennse
20 Iﬂte&rlted Le.klse Rate Test (II..ET)............-....
3. Controlled ulk.ge Rate Test (CLRT)..-.....-........

Ce RTD and RHD Voiumetric Ueightit\g FactorSecesscsssssccnsse

Bl-B51
B1-B3
B4-B32
B33-B51

C1-C3



1. INTRODUCTION

A series of two preoperational Type "A" Integrated Leakage Rate Tests
(1LRT) were performed on the primary containment structure of the Loulsiana
Power & Light Company, waterford Steam Electric Statiom Unit No. : N
Pressurized Water Reactor.

The 11RT tests were performed using the "Absolute Method” of testing in
accordance with the Code of Federal Regulations, Title 10, Part 50,
Appendix J - Primary Reactor Containment Leakage Testing for water-Coolec
Power Reactors and in accordance with the American National Standard ANSI
N45.4 - 1972, Leakage-Rate Tesiing of Containment Structures for Nuclear
Reactors. The calculations of leakage rate were performed using the "Mass
Point Method” as described in ANSI/ANS 56.8 - 1961, American National Stancard
- Containment System Leakage Testing Requirements. The first 1LRT test was
performed at a containment pressure slightly above one-half of peak accident
internal pressure. The purpose of this test was to obtain a measured leakage
rate to be used in determining the acceptance criteria, should & reduced
pressure periodic leakage rate program be elected fer future testing. The
second ILRT test was performed at a pressure in excess ot the calculated peak
containment internal pressure related to the design basis accident as
specified in the Final Safety Analysis Report (FSAR) and the Technical
Specifications.

This report describes and presents the results of these preoperational
type "A" leakage rate tests, including the supplemental test method utilized
for verification.



I1. SUMMARY

To prepare the containment and associated systems penetrating the
containment for the preoperational Type "A" ILRTs, Type "B" local penetration
leakage rate tests and Type "C" local containment isolation valve leakage rate
tests were performed. These Type "B" and Type "C" tests, collectively known
as Local Leakage Rate Tests (LLRT), are described in Section (.2 of the FSAR.

Prior to pressurization of the containment vessel for the ILRT, all
containment systems and isolation valves were lined up, vented and/or drained,
to simulate accident conditions as described in Section 6.2 of the FSAR.

The containment was pressurized with air to a pressure slightly above
one~half peak containment internal pressure to perform the reduced pressure
ILRT test sequence. Following temperature stabilization, containment leakage
rate data was accumulated for a twenty-four hour period during which an
acceptable leakage was measured. The fitted mass point leakage rate for the
period was calculated to be 0.002 percent of the contained mass per day. The
one~sided ninety-five percent Upper Conficence Level (ULL) for this
measurement was 0.008 percent per day. The acceptance criteria for the
precperational reduced pressure ILRT, as defined by Appendix J to 10 CFR 50,
is that the measured leakage including uncertainties be less than 0.265
percent per day (0.75 times the reduced pressure design leakage). A
supplementary Controlled lLeakage Rate Test (CLRT) was performed to verify the
reduced pressure ILRT leakage measurements with acceptable results determined.

The containment was then pressurized to slightly above the peak
containment internal pressure to conduct the peak pressure ILRT test
sequence. Following temperature stabilization, containment leakage rate data
was accumulated for a twenty-four hour period during which an acceptable
leakage was measurec. The fitted mass point 1 r
calculated to be 0,066 percent per day with a perCen | i
acceptance criteria for the peak pressure II]I a8 defined by Append to 10
CFR 50, 1s that the measured leakage including uncertainties be less than
0.375 percent per day (0.75 times the containment design leakage). The peak
pressure CLRT results verified that the measured peak pressure ILRT leakage
results are within the allowable acceptance band. It is worthwhile mnoting,
that although Louisiana Power & Light Company has not committed to ANSI/ANS
56.68-1981, the peak pressure ILRT was performed in accordance with all
recommendations of this standard, as applicable to the preoperational ILRT.




111. TEST DISCUSSION

A. Description of the Containment

The containment vessel completely encloses the entire reactor and
reactor coolant system, to ensure no leakage of radioactive materials to the
environment, in the unlikely event of a loss of coolant accident.

The containment system incorporates a freestanding containment vessel,
surrounded by a low leakeye reinforced concrete shield building. A four-foot
annular air space is providec between the outer wall of the containment vessel
and the inner wall of the shield building, to allow filtration of any
containment vessel leaksiyc during accident conditions to minimize off-site
doses.

The freestanding containment vessel is a two-inch thick circulsr
cylinder, with a one inch thick hemispherical dome and two inch thick
ellipsoidal bottom. The overall vessel dimensions are: 140 foot diameter by
240.5 foot high. The vessel wall thickness is increased to a minimum of four
inches adjacent to all penetrations and openings. The vessel is fabricated of
ASME-SA 516 Grade 70 fully killed pressure vessel quality steel plate. The
net free volume of the containment vessel 1s 2.677 x 10° cubic feet.

The containment vessel structure includes one personnel airlock, one
epergency escape airlock, one fuel iransfer tube, one equipment maintenance
hatch and one seal-welded construction hatch. All process piping and
electrical penetrations are welded directly to the containment veszel nozzles,
with the exception of the main stcam, main feedwater and fuel transfer tule
penetrations. These penetrations are provided witb testable expansion
bellows, to allow for thermal growth or building differential motion.

The containment vessel is designed and counstructed in accordance with
the requirements for class MC vessels contained in sectiom 111, Subsection NE
of the ASME Code, 1971 Edition including Summer 1971 Addenda and Code cases
1431, 1454-1 end 1517, as approved by USNRC Regulatory Guides 1.84 and 1.85.
The containment vessel is code stamped in accordance with Paragraph NE-8000 of
Section III of the ASME Boiler and Pressure Vessel Code. The containment
vessel and all penetrations are designed to limit leakage to less thanm 0.5
percent by weight of the contained air mass per day, at the design pressure of
44 psige. The calculated peak accident pressure for the design basis accident
at Waterford SES Unit No. 3 1s 44 psig at 263°F,

Following field erection of the containment vessel, post weld heat
treatment, pressurized vessel solution film testing and vessel overload
testing were performed in accordance with Section IIl of the ASME Code. This
sequence of testing is described in Sectiovns 3.B.2.6 and 3.8.2.7 of the FSAR.

B. Description of ILRT Test Instrumentation

The containment system was equipped with instrumentation to permit
leakage rate determination by the "absolute method.” Utilizing this method,
the actual mass of dry air within the containment is calculated. The leakage



rate becomes the time rate of change of this value. The air mass Q is
calculated according to the Perfect Gas Law as follows:

Q= (P=Pv) V

RT
- Containment Total Absolute Pressure
Containment Water Vapor Pressure
Containment Net Free Volume
Gas Conmstant
Containment Absclute Temperature

HN'CSN’
L]

The primary measurement variables required are: containment absnlute
pressure, containment relative humidity and containment temperature as a
function of time. During the supplementary verification test, containment
bleed-off flow was also recorded.

The Instrument Selection Guide (1S¢) was used to deterwine the
capability of the instrumentation to measure the leakage rate. The calculated
15C for this test met all acceptance criteria for the test instrumentation

system.

l. Temperature Instrumentation

Forty precision Resistance Temperature Detectors (KIDs) were located
throughout the containment to allow measurement of the volumetrically weighted
average air temperature. The location of the temperature detectors in the
containment is shown in Figure 1. The volumetric weighting factors for the
RTDs are given in Appendix C. Each RTL was procured to an accuracy of
+0.19F. The sensitivity of the RTDs was measured as +0.05°F.

The signal conditioning circuit and readout for the RTD sensors was a
Kaye datalogger with Wheatstome bridges used for RTD signal conditioning. The
signal conditioning circuit and readout had a repeatability of :9.005°F and
a resolution of +0.005°F.

2. Humidity Instrumentation

Ten Resistance Humidity Detectors (Rhis) were located throughout the
containment to allow measurement of the volumetrically weighted average
containment vapor pressure. The location of the RHDs in the containment is
shown in Figure 2. The volumetric weighting factors for the RHDs are given in
Appendix C. The calibrated accuracy of the RHD, was +2.5 percent RH, the
repeatability of the RHDs was +0.10 percent RH and the semsitivity of the Ribs
was +0.]1 percent RH.

The readout device used for the Ribs was & Kaye catalogger. The
repeatability of this device was +0.01 percent RH while the resolution of the
device was +0.0]1 percent RH.




3. Pressure Instrumentation

Two precision digital pressure gauges were used to determine
containment absolute pressure. The arrangement of the piping connection
between the pressure gauges and the containment {s shown in Figure 3. Either
pressure gauge could be used as the primary pressure sensor for the leakage
rate calculations, with the remaining sensor being considered as a Lackup.
The calibrated accuracy of the primary pressure sensor was +0.02 percent of
reading or +0.012 psi for the high-pressure test. The sensitivity ang
repeatability of the pressure gauges was measured as +0.001 psi.

The readout device for the pressure gauges was a wuildline digital
sultimeter, reading the current loop output of the pressure sensor. The
readout device had a repeatability and resolution of +0.00006 psi.

4, Flow Instrumentation

Two thermal mass flowmeters and one variable area Rotameter were usec
to superimpose leakage during the supplementary CLRT. The piping arrangement
between the flowmeters and containment is shown in Figure 3. The two thermal
pass flowmeters were arranged so that they could be used in series for greater
repeatability or singly in case of a failure of the other sensor for increased
reliability. The two thermal mass flowmeters were used for the reduced
pressure CLRT. The variable area rotameter was used for the peak pressure
CLRT and was calibrated at that pressure. The accuracy, repeatability,
sensitivity and range of the three flowmeters in units of SCFH, and converted
to equivalent leakage values, is given below:

Equivalent
scr Leakage
Reduced Pressure Thermal Mass Flowmeter:
Range 25.00 0.539%/day
Accuracy +0.50 +0.011%/day
Repeatability +0.25 +0.005%/ day
Sensitivity +0.25 4+0.005%/ day
Peak Pressure Rotameter:
Range 60.00 0.808%/day
Accuracy +0.60 +0.008%/day
Repeatability +0.15 40.002%/day

Sensitivity +0.15 +0.002%/day



5. Instrument Selection Guide (I1SG)

The Instrument Selection Guide is a method of compiling the
instrumentation sensitivity and resolution for each process measurement
variable used during the 1LRT and evaluating the total instrumentation
system's ability to detect leakage rates in the range required. Although the
1SC is a very conservative measure of sensitivity, the general industry
practice is to require sensitivity at least four times the containment design
leakage or 1SG< 0.25La.

The pre-test 15¢ for the Waterford No. 3 ILRT instrumentation system was
calculated as follows:

Pre-Test
156 Maximum Acceptable
Reduced Pressure Test 0.004%/day 0.088%/day
Peak Pressure Test 0.002%/day 0.125%/day

As noted in the above calculations, the pre-test ISGC sensitivity of the
ILRT instrumentation system was demonstrated as wmore than adequate.

Ce Containment Pressurization Equipment

The equipment used to pressurize the containwent and its piping
arrangement are shown in Figure 4. The seven oil-free industrial electric
driven air compressors had a total nominal capacity of 12,000 ACFM. The
compressed air was then routed through chilled-water aftercoolers, moisture
separators and a deliguescent desiscant air dryer. This equipment arrangement
assured that only clean and dry air was used to pressurize the containment.

D. Description of the Computer Progic+m

The Ebasco ILRT computer program is an interactive Fortranm IV progran
written specifically for fast, easy utilization during all phases of the ILRT
and CLRT. Data entry and modifications, if necessary, are readily
accomplished by the data acquisition team. In addition to extensive data
verification routines, the program calculates, on demand, total timpe and mass
point leak rates as well as the 95 percent Upper Confidence Level for these
leakage rate calculations.

Sample rejection based upon the Chauvenet criterion may be utilized in
the analysis, if required, due to recording errors, power failures, etc.

Input data may be deleted for & given instrument in the case of a
sensor malfunction. This deletion of a given instrument is performed on all
samples in the data base. Volumetric weighting factors, if applicable, are
then recalculated for the remaining instrument sensors of that type.

Data evaluations are enhanced by the flexible display of either sensor
variables or various computed values in tabular or graphical form on the
computer terminal. Data is recorded on tape to prevent loss during the



testing. All data is stored on the computer systems in use with retrieval
capability to any desired data base throughout the testing.

Ancillary portions of the program assist the user in detection of
temperature stabilization, pertorm IS¢ calculations, perform in-situ
Instrument Loop Performance calculations and detect acceptable superimposed
CIRT leakage verification.

Temperature, pressure and humidity data are entered interactively via
the computer terminal at 15 minute intervals. Computer verification and
checking routines supplement cata verification by the data acquisition team.
Nodifications are promptly made when errors are detected. Prior to issuance
of this report, further extensive data verification was performed.

E. Description of the Testing Sequence

On April 26, 1983, all type "L" and "C" local leskage rate tests, all
ILRT instrumentation checks, all ILRT valve lineups and containment
preparations for pressurization were complete. A final inspection of the
{nterior and exterior of the containment vessel and internal couponents was
made to prepare the containment for pressurizationm.

The containment was declared ready for pressurization and the air
conpressors started at 0420 hours on April 27, 1983. The seyuence of pressure
test' ng for the containment is graphically shown on Figure 5.

At 0725 hours on April 27, 1983, pressurization was secured at 10.2
psig, '~ perform external leak surveys of the containment vessel and its
penetrations. The leak survey teams found and isolated a minor leak om a
containment spray line level indicator, caused by improper positioning of
valving. It was noted that this valving was inadvertently left out of the
test valve lineup. Further procedural checks and leak surveys found no other
discrepancies. The air compressors were restarted and pressurization to the
next plateau begun at 1025 hours.

At 1120 hours, on the same day, pressurization was secured at 12.8 psig
to investigate a fire alarm in the containment. Although external
investigations implied that this was a false alarm, a containment personnel
entry was made for confirmation. Once confirmation was received, containment
pressurization was restarted at 1356 hours.

Pressurization of the containment was secured at 1720 hours on Aptil
27, 1983, at a containment pressure of 23.2 psig, to conduct the reduced
pressure ILRT test sequence. This pressure was 1.2 psi above the minimum test
pressure of 22 psig to account for expected pressure decrease during
temperature stabilization. At 2145 hours, after analyzing four and
one-quarter hours of test data, containment temperature stabilization
criteria were met, and ILRT leakage rate data taking was initiated.



Twenty four hours of 1LRT leakage rate data were completed at 2200
hours on April 28, 1983. The data accumulated displayed low and stable
leakage rates as follows:

Simple Mass Point Leakage Rate = 0,014%/day
Fitted Mass Point Leakage Rate = 0.,002%/day
95 Percent Upper Confidence Level (UCL) = 0.008%/day

The acceptance criteria at this stage of testing was 0.265%/day and the
reduced pressure CLRT was declared complete and acceptable.

The supplemental verification reduces’ pressure CLRT was initiated by
using the thermal mass flow meters to supel .mpose a bleed-uff flow of 17.21
SCFM, equivalent to a superimposed leakage >f (.363%/day. After allowing for
a two hour stabilization period, CLRT cGata taking was initiated at 0015 hLours
on April 29, 1983. After four and one-quarter hours of data taking, the
superimposed flow was secured. The fitted mass point leakage rate for the
CLRT was 0.356%/day, well within the verification acceptance criteria for the
low pressure CLRT.

Pressurization to peak pressure was initiated at 0515 hours omn
April 29, 1983, with the target pressure of 46.7 psig achieved at 1255 hours.
This pressure was 2.7 psl above the required test pressure of &4 peig to
account for the expected pressure decrease during temperature stabilization.
A higher rate of containment pressure decay than could be accounted for due to
temperature drop was initially exhibited, pointing to a leak in the
containment. Leak survey teams found that the manual containment isolation
valve on the ILRT pressurization line had not been fully closed. After full
valve closure, temperature stabilization data taking was started at 1400
hours. Containment temperature stabilization criteria were met four hours
later and peak pressure ILRT leakage rate data taking was initiated at 1800
hours on April 29, 1983,

Approximately nine hours into the peak pressure 1LKT, one of the
temperature sensors, RTD40, began to tehave erratically and RTD40 wae deleted
from the leakage r-=te calculations. Volumetric weighting factors for the
appropriate adjacent RTDs were adjusted and leakage rate data taking was
continued. Approximately nineteen hours into the peak pressure ILRT, KIDI1b
and RTD20 were deleted from the leakage rate calculation for the same reason
as noted for RTD4O.

Twenty four bours of ILRT leakage rate data were completed at 1800
bhours om Aprdl 30, 1983, (The date accumulated displayed low and stable
leakage rates as follows:

Simple mass poiui leakage rate = 0.057%/day
Fitted Mass point leakage rate - 0.066%/day

95 pecent Upper Confidence Level (UCL) = 0.068%/day



The acceptance criteria for this stage of testing was 0.375%/day and
the peak pressure ILRT was declared complete and acceptable.

The peak pressure CLRT was {nitiated by using the variable area
rotameter to superimpose a bleed-off flow of 38.46 SCFM, equivalent to a
super imposed leakage of 0.499%/day. After allowing for a one and one~half
hour stabilization period, CLRT data taking was initiated at 1945 hours on
April 30, 1983. After five and one-half hours of data taking, the
superimposed flow was secured. The fitted mass point leakage rate for the
CLRT was 0.572%/day, well within the verification acceptance criteria for the

peak pressure CLRT.

Between the time of 0127 and 0201 hours on May 1, 1983,
depressurization of the containment vessel from 45.8 psig to 44.2 psig was
performed as a prerequisite to the Containment Cooliug System preoperational
test. Upon successful completion of the Containment Cooling System
preoperational test, depressurization of the containment to awubient pressure

was initiated at 0315 hours.

At 1415 hours on May 1, 1983, the containment was at atmospheric
pressure and a post-test internal {nspection was made. The internal
{nspection showed no evidence of structural deforuation.

Subsequent to the ILRT, the two process ;iping penertrations which were
in use during the ILRT (pressure sensing, pressurization/d pressur lzation)
were subjected to LLRT tests. The result of the local tests was less than
0.0001 %/day leakage not accounted for during the ILRT and was to be acded to
the measured ILRT results. Due to the fact that this value was less than the
sinimun cetectable leakage measured during the ILRT, it was therefore ignored.
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IV. ANALYSIS AND INTERPRETATION

The initial reduced pressure and peak pressure Integrated Leak Rate
Tests were successfully completed as a part of the Preoperational Test Program
for the Waterford Steam Electric Station Unit No. 3 containment, between
April 27, 1983 and May 1, 1983. The final mass point measurea leakage rate at
peak pressue was 0.066 percent per day with a 95 percent Upper Confidence
Level of 0.068 percent per uay. The acceptance criteria for this test is
0.375 percent per day or 75 percent of the containment design leakage rate.

The first section of the reduced pressure ILRT test plateau was
containment atmospheric stabilzation. As shown in Appendix A.l, temperature
stabilization criteria of 0.5%F/hr rate of change cifference between thLe
last hour and the last four hours was met in four and one-quarter hours.

The reduced pressure 1LRT measurewents were taken for & twenty four
hour period at fifteen minute intervals and are presented in Appendix A.Z.
Instrumentation performance was evaluated using the Ebasco in-situ lanstrument
Loop Performance calculation and compared to the predicted 15G calculation
presented in Section 11l.E.5. The actuzl Instruuentation Loop Performance was
calculated as 0.016 percent per day compared with the predicted 156 of 0.004
percent per day. A breakdown of the variables influencing total
{nstrumentation performance is given below:

Instrument Predicted In=Situ
loop 156 Performance
Pressure (psia) +0.001 +0.004
Temperature (°F) +0.008 +0.007
Humidity (XRH) +0.032 +0.029
Total (%/day) +0.004 +0.016

It is noted that the pressure loop exhibited slightly lower performance than
was predicted and was the contributer to the inm-situ performance being lower
than predicted. Although this instrument performance is four times the
predicted value, it is still below the industry recomuended Jimit of 0,008
percent per day as presented in Section 111.B.5. This instrument performance
does not directly impact containment leakages, measured during the ILRT, Lut

16 evidenced in the calculstion of the 95 percent Upper Confidence Level (UCL).

As shown in Appendix A.2, the reduced pressure ILRT results ylelded a
0.002 percent per day fitted mass point leakage rate with a 0.008 percent per
day UCL. The UCL is nominally above the measured leakage due to the
{nstrumentation performance noted above. Both the measured leakage and the
UCL are well below the acceptance criteria for this test oi 0.265 percent per
day. No instrument sensors were deleted during this portion of the test. No
data samples were rejected using the Chauvenet criterion curing this portion
of the test.
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Following the reduced pressure 1LRT, the measured leakage of 0.002
percent per day was verified Ly a Controlled Leakage Rate Test (CLRT), which
superimposed a calibrated leakage of 0.363 percent per day on the
containment. The measured results of the CLRT fell well within the acceptance
band for this portion of the test, &s shown in Appendix A.3, and verified the
results of the reduced pressure ILRT. The forwulation of the acceptance Land
for the CLRT is shown in Appendix A.3. No instrument Sensors were deleted
during this portion of the test. No data samples were re jected using tie
Chauvenet criterion during this portion of the test.

The peak pressure ILRT test plateau met the tewperature stabilization
criteria in four hours. A graphic and tabulated presentation of the
tepperature stabilization is shown in Appendix b.l.

The peak pressure ILRT measurements were taken for a twenty four hour
period at fifteen minute intervals and are presented in Appencix be2e The
previously noted failure of three of the forty RTD temperature sensors during
this portion of the test required recalculation of the imstrument ISC
presented in Section 111.B.5 to assure that adequate instrumentation
sensitivity was still present. The Ebasco in-situ Instrument Performance
calculations were also performed at peak pressure. A summary of these
calculation follows:

Calculated Maximuw
Value Acceptable
Pre-Test 1SC 0.002%/day 0.125%/day
Post-Test 1S5C 0.003%/day 0.125%2/ day
In-Situ Performance 0.003%/day 0.125%/day

It should be noted that the in-situ Instrument Performance Calculation agrees
with the post-test 15G and does not exhibit the degraded performance noted in
the reduced pressure ILRT. This is due to the noise present in the pressure
gensor becoming relatively less important as the absolute pressure increased
and the noise remained constant. The pressure sensor noise was also made less
important by the higher pressure drop over the test period, resulting from the
higher leakage rate exhibited at peak pressure.

As shown in Appendix B.2, the peak pressure ILRT results ylelded &
0.066 percent per day fitted wass point leakage rate with a 0,068 percent per
day UCL. Both the measured leakage anc UCL are well below the acceptance
criteria for this test of 0.375 perceut per day. No daia sanples were
rejected using the Chauvenet criterion during this portion of the test. Only
the above noted three RTDs were celeted during this portion of the test.

Following the peak pressure 1LRT, the peasured leakage of 0,066 percent
per day was verified during the peak pressure CLRT by superimposing a
calibrated leakage of 0.499 percent per day on the containment. The measured
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results of the CLRT fell well within the acceptance band for this portion of
the test, as shown in Appendix B.3, and verify the results of the peak
pressure ILRT. The formulation of the acceptance band for the CLRT is shown
in Appendix B.3. The same three RTD tewperature sensors, weleted during the
peak pressure 1LRT, were deleted from this test. No data sauples were
rejected using the Chauvenet criterion during this portion of the test.

The post-1LRT Local Leakage Rate Test results are discussed in Section
111.E of this report. These results have no influence on the measured
leakages of the ILRT.

To allow the option of performing a reduced pressure ILKT in future
postuperational periodic tests, 10CFRS0 Appendix J directs that the leakage
acceptance criteria for a reduced pressure test Le established Ly using the
results of the preoperational reduced pressure and peak pressure ILRTs. The
formulation of this acceptance criteria follows:

Lt = La (Ltow/Lam)

Lt = 0.5 (0.002/0.066)
Lt = 0.015 percent per day

Pt 2 22 psig
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LOUISIANA POWER & LIGHT COMPANY
WATERFORD S.E.S. UNIT NO.3
RTD LOCATION/VOLUME

3 RTD'S AT EL 190 FT
VOLUME 201,850 CU FT

9 RTD'S AT ELEVATION 160 FT

VOLUME 678,162 CU FT

rans S ——————————————————————— ———— — — — — —

10 RTD'S AT ELEVATION 95 FT

VOLUME 877,447 CU FT

10 RTD'S AT ELEVATION 46 FT

YOLUME 504,045 CU FT

8 RTD'S AT ELEYATION 21 FTY

VOLUME 415,496 CU FT

FIGURE 1



LOUISIANA POWER & LIGHT COMPANY
WATERFORD S.E.S. UNIT NO.3
RHD LOCATION/VOLUME

3 RHD'S AT ELEVATION 160 FT

VOLUME 1,257,161 CU FT

4 RHD'S AT ELEVATION 46 FT

YOLUME 986, 788 CU FT

3 RHD'S AT ELEVATION 21 FT

YOLUME 433,051 CU FTY

FIGURE 2



LOUISIANA POWER & LIGHT COMPANY
WATERFORD S.E.S. UNIT NO. 3

FLOW DIAGRAM

ILRT PRESSURE SENSING AND CONTROLLED LEAKAGE INST

i
sl 1wet !
FILTER

£ 38N914
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™ oELTEF SYSTEM
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INSIDE
CONTAINMNENT
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CONTALNMENT
PRESSURIZATION

FIGURE 4
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LOUISIANA POWER & LIGHT COMPANY
WATERFORD S.E.S. UNIT NO.3

FLOW DIAGRAM

ILRT PRESSURIZING AND DEPRESSURIZING SYSTEM
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LOUISIANA POWER & LIGHT COMPANY

S WATERFORD S.E.S. UNIT NO. 3
(Psic ILRT TEST SEQUENCE
. ~ é ;f———r S 4L-»7~——- — —-:,- NES—

0 ; i ke

a5

40

35

30

25

'
S
'

26

L
! '

CONTAINMENT EXTERNAL LEAK SURVEY
: B - CONTAINMENT ENTRY
L Gy A C - REDUCED PRESSURE TEMPERATURE STABILIZATION |~

D - RECUCED PRESSURE ILRT

10 | £ - REDUCED PRESSURE CLRT =
F - PEAK PRESSURE TEMPERATURE STABILIZATION
G - PEAK PRESSURE ILRT

5 -p- M - PEAK PRESSURE CLRT i
1 - CONTAINMENT COOLING SYSTEM TEST

0 : i % : FA : e .

veonesDAY OON  uimspay MOON  ppipay  NOON  garumpay MOON gunpay  NOON  onpay TIME (DAY

8t

4-27-83 4-28-B3 4-729-83 4-30-BY% 5-1-R1% 5-P-RA3






TEMPERATURE STABILIZATION
STARTED AT 1730 HOURS ON APRIL 27, 1983
CONDUCTED FOR 4. 25 HOURS

o~ e C D E

1730 94.717
174s 93 533
1800 92 807
1815 92 318
1890 92 012
184% 91.798
1900 91 416
1915 91 458
1930 91 330
1945 91.203
2000 91.091
2015 90 995
2030 90 898
2045 90 821
2100 90 741
2115 90 677
2130 90 599 10830 0299 0. 731
2145 90 532 0.750 0.P89 0 461

TIME OF DAY IN MILITARY STANDARD
AVERAGE CONTAINMENT TEMPERATURE F
AVERAGE DIFFERENCE IN TEMP. OVER LAST 4 HOURS

AVERAGE DIFFERENCE IN TEMP. OVER LAST 1 HOUR

€ ~0



TEMPERATURE IN UEGREES FRAHRENHEIT

100.00

98.00

96 .00

94.00

92 .00

EvHsCO SERVILES INCORFORWIED

o P e

b e e e e

. PR o, LIS ok TF . e LY .. 49~
TEMPERATURE STABILIZATION
] 2 v i g
! 3
1 i
s
o
£
ii
-
i
:
\\
A9
\\
e
| g
17.30 18.30 19.30 20.30 21.30  22.30 23.30 24.30
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LOUISTANA POWER & LIGHT COMPANY
WATERFORD SES UNIT NO. 3

CONTAINMENT INTEGRATED LEAKAGE RATE TEST
LEAKAGE RATE MEASURED USING THE ARSOLUTE METHOD
LEAKAGE RATE COMPUTED USING THE MASS POINT METHOD

TEST PERIOD STARTED AT 2200 HOURS ON APRIL 27, 1983
TEST CONDUCTED FOR 24 00 HOURS

FREE SPACE VOLUME OF CONTAINMENT IS 2677000 CU FT
CONTAINMENT WAS PRESSURIZED TO 37 65 PSIA

INITIAL CONTAINMENT AIR WEIGHT 492709 .2 LBS

FINAL CONTAINMENT AIR WEIGHT 492641 4 LBS

FITTED MASS POINT LEAKAGE RATE IS 0 0022 % PFR DAY
UPPER LIMIT OF 95% CONFIDENCE LEVEL IS 0 008 % PER DAY
NRC MAXIMUM ALLOWABLE LEAKAGE RATE IS 0 265 % PFR DAY



AUG  TEM
AVE . PRE
VAP PRE
LEAK SIM

LEAK MAS

AIR MASS

DESCRIPTION OF VARIAPLES

CONTATNMENT MEAN TEMPERATURE CALCULATED

FROM VOLUMETRICALLY WEIGHTED RTD SENSOR INDICATIONS
PRIMARY CONTAINMENT PRESSURE INDICATION.
CONTAINMENT VAPOR PRESSURE CALCULATED

FROM VOLUMETRICALLY WEIGHTED RHD SENSOR INDICATIONS
SIMPLE TOTAL TIME LEAKAGE RATE

LEAKAGE RATE COMPUTED FROM FIRST ORDER

REGRESSION OF AIR MASS DATA.

CONTAINMENT AIR MASS.

NOTE FOR TaBULAR DATA -
TABLE VALUES OF ZERO SIGNIFY DATA IS
NOT APPLICABLE TO THE CALCULATION.

NOTE FOR CURVES -

,

2

TOP ARSCISSA SCALE REPRESENTS SAMPLE NUMBFRS

AIR MASS 1S THE CALCULATED CONTAINMENT AIR

MASE AND FITTED AIR MASS IS THE LINEAR LEAST

SQUARE FIT OF THE AIR MASSES.

SIMPLE MASS POINT IS THE TOTAL TIME LEAKAGF

RATE AND FITTED MASS POINT 1S THE LEAKAGE RATE
COMPUTED FROM FIRST ORDER REGRESSION OF AIR MASS DATA
UCL IS THE UPPER LIMIT OF THE 95%

CONF IDENCE LEVEL OF AIR MASS DATA.



(LBS)

CONTARINMENT AIR MARSS

493350

493110.

492870 .
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492390.

492150.
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PER CENT PER DAY BY WEIGHT

0.9000

0.68600

0.4600

0.2400

0.02C0
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EBASCO SERVICES INCORPORHIED

%. % 52 e _1 i 13. i,' | %1' A %7. kl3.
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PER CENT PER DAY BY WEIGHT

2.6750

2.1000

1.5250

0.9500

0.3750

EBASCO SERVICES INCORPORATED

1‘- 1 7. J3. 49. CS. 81. 97.

o L A I T 1 | i ! ST S AR VA W

1 COMPUTED LEAK RATES RELATIVE TO LIMITS
FITTLD MASS POINT | LAk RATE

9u% CONFIDENCE LIMIT (UC! )

DESIGN BASIS LEAKAGE RATE

NRC MAXTMUM ALLOWABLE LERKAGE RATE

X <« 3w
X « 23 »

i
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EBRSCO SERVILES INCOxXrORHI1ED

L 17, 33« 49 . 65 B81. g7. 113
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EbHOCO SERVILES 1NCORrORA 1D
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FRESSURE 1IN

VAPOR
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SAMPLE DELTA
WMBER MINS

SODNOGPOD DN

0
15
30
a5
&0
75
90

105
120
135
150
165
i80
195
210
225
240
255
270
285
300
315
330
345
360
ars
390
405
420
435
450
Q&S
480
95
510
525
540
355
570
$85
600
615
630
645
660
675
690
705
720
735

AvG

DEG
S0
90
90
?0
90
0

0.

90
90
0

89 .

89
89
89

89
a9
89
89
B89

8%

89 .

89
a9
89
89

89

89

89 .

a9

2333333

8%

TEM

Q73
.a17

360
311
253
204
163
i20
079
035
991
955

. 918
.881
89 .

853
814
782
74%
714
681

. 654

625
594
568
537

. 520
a9z
89 .

a62
Q43
413

. 401

368
as1

.3aé
.315
89 .2
272

256

.236
213
.196
.178
.162
89 .
89 .
.110
89 .
. 067
. 056
. 039

146
123

o087

VARIABLE

AVG

PRE

PSIA

37
37

ar
37
37
37
37
37
37
ar
a7
37
37
a7
37
av
37
ar
37
37
37

ar.
ar.

a7

ar.
ar.

37

a7
av

a7
37
a7
av
ar
37
37
37
37
a7

37
37

. &494
 &A34]
37 .

&418
6375
6353
&324
6296
6263
6268
6223

. 6201

6173
6140
6164

. 6111

6087
6126
6088
6041
&024
S991
5979
5943
5951
5929
5940
$912

. 5896
ar.

5876
5871

. 9859
7.

5838

. 3822
. 5801
. 5825
. 8763
ar.

5741

.8724
ar.
ar.

5697
5676

.5668
. 5647
. 5643
ar.
. 5651
7.
.Bé21
a7.
. 5613
. 3598

5644

5643

S22

TABLE SUMMARY

VAP

PRE

PSIA

0000000000000 COOCOO0O0OO00D000O00000000COO0CCO0OD0O0O00D00C0O0CO

1320
1321
1323
1324
1326
1328
1328
1329

. 1338
. 1333

1335
1334

.1336
L1338

1339
1339
1342
1341

.1942

1341

.1344

1344
1343
1344
1347
1348
i248
1348
1347

.1350
.1351
.135%2

1353

. 18959

1355
1355

1357
. 13598
.1354

1357

. 1337

1360

.1361

1362
1362
1362

.1364
L1364
L1367

1366

LEAK

SIM

PER CENT

.000

575

L0831

i02
ocao
030
023

. 001

093
043

052
. 045

018

. 131
. 039

040

.130
. 105

061
067

. 041

0s¢C

. 053

056

049

070
059
060

. 052

o6&z

056

054

.0aw
. 044

065

. 032
021
017
. 009
.o02
. 005
. 002
.o02
. 008
.o21
.021
016
024

021

019

LEAK

MAS

PFER CENT

000
000
031
040
043
070
071

055
093

088
087

osz
067
091

.o82

07s
098
107

102

oe8
oss
083
o7
077
073
074
073
o7
070

069
. 068

0&7
065

.0é&2
. 063
059

053

. 048
.04z
036
. 031
L0825
.o21
.018
017

017

. 015
015
L0185
.014

AIR MASS
POUND S
492709
a4926680
Q927064
aupevaq
G271 43
a7 L7
Q2716
492710
a9eTa’7
a9ea 72
AR TG
aAVRTHAS
ae92720
Q92783
QP2TAT
Q92740
Q928146
a9PH01
QP27 hb
Q2774
492751
Q2T 63
492770
A9 7 74
aez7T7To
492799
av27T87
aepTee
Qo TB4a
a92801
qo9279%
QYETYH
Q2759
a2 74
Q9P
AVPT 64
avP T a8
a9 74ag
QIRTRb
qQea2713
Q92719
/2704
Q92713
QaeR27TE4e
492756
aQs2758
[9pTa7
a9 7 b6
4927 4O
Qe THT

Al:d

N



SAMPLE DELTA
UMBER MINS

91
a2
533
54
55
56
57
S8
59
&0
&1
&2
63
64
65
66
a7
&8
69
70
[ !
72
73
74
73
76
i
78
79
80
81
a2
83
84
85
86
87
a8
89
90
91
92
93
94
93
96
7

750
765
780
795
810
825
840
855
870
885
00
P15
930
945
P60
P75
990
1005
1020
1035
105¢
1065
1080
1095
1110
1125
1140
1155
1170
1185
1200
1215
1230
1245
1260
1275
1290
1305
1320
1335
1350
1365
1380
1395
1410
142%
1440

AVG .
DEG .

89 .
88 .

88

88 .

68

88 .

88
88

88 .
. 790
T72
88 .
88 .
88 .
86 .

88 .
. 680

.‘8;8
@ 0 @ ®

TEM

F
ozez
01%
994
983
959
941
935
920
896
881
873
865
847

.824

817
797

760
751
734
722
711
&97

&7e

. 649
646

633

. 627
.611
. 603

Ses

. 585
. 569
. 957
. 544

. 526

. 500
.as4

.4q78
468
.ase
. 453

VARIABLE TABLE SUMMARY

AVUG. PRE UaAP PRE
PSIA PSIA
37 5583 0. 1367
37 .5583 0 1368
37 .5554 0.136%
37 5536 0. 13968
37 5501 0.1369
a7 5488 0.1371
37 5494 0.1372
37 5544 0.1371
37 .5460 0.1a71
37 . 5456 0 1373
37 . 5459 0.1374
37 5446 0 1375
37 . 5441 0.1375
37 H44s6 0.1377
37 544z 0.1376
37 . 5429 0.1379
37 3426 0.1378
37 5425 0 1380
37 5429 0. 138280
37 5433 0.1381
37 .5425 0. 1381
a7 . 5421 0. 1382
37 5413 0. 1383
37 .5405 0. 1383
37 5409 0. 1384
37 5403 0.1385
37 .5405 0 1385
37 5398 0 1385
a7 .5389 0.1386
37 5388 0.1387
37 .5395 0.1388
ar . 5377 0.13%90
37 9362 0.1387
37 .353a7 0 1391
87 .3296 0.1391
37 5276 0.1391
37 .5306 0.1390
37 5295 ¢ 1393
37 .5224 0 1393
37 .5204 0. 1392
a7 .5%185 0 1396
37 .5%194 0. 1394
37 .5173 0.1397
37 5167 0 1397
37 .5160 0.1396
37 5164 0 1397
37 .%143 c. 1398

END OF TaABLE

({CONTINUED?
LEAK SIM LEAK MAS
PER CENT PER CENT

-0 016 -0.013
-0 . 018 -0 . 012
-0.010 -0.011
-0 .005 -0 .00%

€ . 005 -0 . 007

0. 006 -0 .004

0.002 -0 002

~0.026 -0 . 004
0.004 -0 . 002
0 o002 -0 000

-0 .001 0. 001
0.003 0 002

-3.001 0. 003

-0 . 008 0 003

-0 .00%9 0.003

-0 .008 0. 004

-0.008 0. 004

-0 . 012 0 003

-0 016 0.002

-0 020 0 o022

-0 . 021 0.001

-0 . 021 -0 . 000

-0 .021 -0 001

-0 .021 -0 002

-0.025% -0.003

-0 . 0285 -0 . 004

-0 031 -0 005

-0 . 028 ~0 . 006

-0 028 -0 .007

-0.028 -0 008

-0 .033 -0.010

-0.028 -0 .0113

-0 .027 -0.011

-0.015 -0.011

-0.009 -0.011

-0 .005 -0.010

-0.017 -0 .010

-0.013 -0.010

0 004 -0 009

0. 009 -0.007

0.011 -0.005

0. 007 -0.004

0. 011 -0 .003

0.012 -0.001

0.012 -0.000

0.010 0. 001

0.014 0 . o002

AIR MASS
POUNDS
a9va7Hsil
ae2THaé
a9PTaAn
QYRTER
QIR L6
QP a6Pe
QPR7T0n
492785
QIRLTE
Qe 703
492713
492700
ava7Tiil
Q2T A
aopT37
qQ92736
a49E 738
92 7%0
Q927 66
a9 7Ty
QYR THH
L i d s
a92786e
aQ927T8e7
4928046
492804
qQ92Ree
Q92821
qe2820
QY2323
492845
A28 6
avzsr3
a3 77Ts
4927 4
aQoR 733
QY2735
492768
a9 690
492668
A2 6ST
qQ92678
492658
a492651
AP 653
Q92662
a9z 44l

Al4



AlDS
VARIABLE TABLE SUMMARY

SAMPLE DELTA TEMP 1 TEMP 2 TEMP 3 TEMP 4 TEMP S TeEMP é

UMBER MINS DEC . F DEG F DEG F  DEG F DEG F DEG F
1 0 90 403 90 396 90 . 445 90 538 90 532 90 .923
2 15 90 342 90 314 20 .379 P0 461 Q0 472 90 BaH
3 20 0 . 281 90 .239 90 .313 90 . 396 90 418 90 BO2
< a5 Q0 243 90 .193 90 264 P0 335 90 379 90 802
S 60 90 .160 ®0.127 90 . 198 P00 269 90 .308 90 6811
6 75 90 .105 ?0 . 066 90 .137 0 . 220 P0 . 2464 90 731
7 S0 90 .050 90 . 022 90 . 088 90 . 165 Q0 .187 20 681
8 105 89 984 89 . 978 90 . 027 ?0 . 099 P0 137 90 &04
4 120 89 940 B89 9446 89 . 995 90 . 049 Q0 . 099 R0 527

10 135 89 918 8% 869 8% . 934 ?0 . 027 P0 . 060 Q0 4a&4id
11 150 B89 852 89 . .820 89 896 89 . 984 90 .011 Q0 420
i2 165 89 819 B8Y 788 8% 841 89 934 89 951 Q0. 418
i3 180 89.775 BY 771 89 803 89 885 89 947 90 363
14 195 89 764 89 . 733 89 765 89 848 89 . 885 90 4a1e
i% 210 B9 698 B9 . 695 89.716 89 819 89 .835 P0 . 231
16 223 89 671 89 &41 89 &77 89 . 775 89 808 0 .97
17 240 BY 632 89 586 89 639 89 . 737 89 786 90 . 258
18 2535 89 &00 89 565 8% &23 89 709 89 742 Q0 214
19 270 89 561 B89 548 89 601 a9 . 482 89 704 Q0 . 06&6
20 285 89 517 89 494 89 540 89 . 643 89 &65 90 . 082
21 300 B? 506 89 488 89 530 89 616 89 649 89 995
22 315 89 451 89 428 89 48é 8% 572 89 605 90 . 066
23 330 89 446 89 . 407 89 453 89 561 B89 589 89 901
24 345 89 . 408 89 407 89 420 89 528 89 . 5%0 90 000
25 360 89 .9397 89 385 89 .387 89 468 B89 512 B89 819
26 3rs 89 347 89 330 B89 365 89 473 89 495 89 835
27 390 89 320 89 320 89 354 89 446 89 446 89 201
es 405 89 . 298 89 .232 89 316 89 .3%91 89 . 440 89 863
e9 420 89 .265 89 260 B89 294 89 . 397 89 . 413 B9 BHDH
30 435 89 2as 09 2932 89 . 240 89 358 BY  36&4 89 747
31 4as0 8% g1é 89 .211 89 240 89 336 89 369 89 819
a2 4635 8% 194 89 . 183 8?7 . 196 a9 298 89 336 89 76%
as 480 89.177 89 .162 89 .190 a9 292 B89 325 89 775
N\ 34 495 89 155 89 . 129 B89 . 136 8% 270 89 303 89 487
35 510 B89 . 122 89.173 89 125 89 .243 a9 .270 B9 544
3é 525 89 106 8% 107 89 136 89 .227 89 243 89 615
a7 540 89 .078 89 075 89 081 89 188 89 238 89 &70
38 555 89  04é& 89 . 053 8% .070 8% .177 89 . 177 89 &37
a9 570 89 .040 89 .015 89 .037 89 150 89 .183 29 593
a0 585 89 .018 89 015 89 . 026 89 . 133 8% 172 89 500
qi 600 88 985 B8 . 982 B8 999 89 .106 89 . 122 89 599
a2 613 88 969 88 977 88 993 89 084 89 .095 89 505
a3 630 88 . 952 88 . 955 88 983 89 078 89 .095% B9 451
Sl 645 88 919 88 917 88 933 89 051 89 .057 89 H00
a5 660 68 903 88 922 Be 22 89 035 8% .035 89 412
a6 &75 88 875 88 873 B8 906 89 007 89 . 051 89 423
a7 &90 88 854 88 B4é 88 873 88 985 89 024 89 374
48 705 88 .837 88 813 88 86z 88 947 88 969 8BS 429
a9 720 88 832 88 .813 88 873 a8 . 952 B8 958 a89 . 385
S0 735 88 821 88 813 88 851 88 925 88 963 B9 363



SAMPLE DELTA

IUMBER

51
52
53
s4
55
5é
57
58
59
&0
61
62
63
64
65
66
&7
68
69
70
-
72
73
74
75
76
77
78
79
80
81
82
83
84
BS
86
87
s
8%
90
91
92
93
54
98
96
97

MINS
750
765
780
795
810
82%
840
855
870
B85
900
15
930
945
960
975
P90

1005
1020
1035
1050
1065
1080
1095
1110
112%
1140
1185
1170
1185
1200
1215
1230
124%
1260
1275
1290
1305
1320
1335
1350
1365
1380
1395
1410
1425
1440

TEMP

1
' 4

.810

782

. 760

744

711

683
683
&73
667
634
&34
&29

. 385
. 574

557

. 541
. 530

a86
<8é
q75
Q70
453
420

. Q09

393
387
ari
365

. 343
. 332
. 232
.3916
.300
. 283
BT
. 296
. 2950

256

.a28
. 2e3
218

201

179

184
166
151

L1464

VARIABLE TABLE

TEMP
DEC

es

as
88
88
88
88
886
88

es

88
88
88
88
88

ey
@

X R R R R ER R R ARk

2

&
770
764
726
781
704
677
&72
&72
661
&06
&28
596
879
552
541
530
536
530
508
4a70
454
as4a
Q43
4q10
367
405
383
329
341
as5é

.318

291
280

B9
. 258
.236

263

. 231
. 280
274
20a
. 209
.e14
. 209
.149
.144
.138

TEMP
DEG

88
88
a8

88

86
88
88
a8
88

88
a8
a8a

END OF TABLE

SUMMARY (CONTINUED)

3 TEMP 4 TEMP

F  DEG F DEG
829 88 919 88 .
786 88 903 a8
775 B8 886 88
747 88 859 as
747 88 832 88 .
Ta7 88 B1S as
709 88 810 a8 .
704 88 815 88 .
&49 88 799 88 .
&4 88 . 749 88 .
é&21 88 749 88
&32 88 . 727 88
621 88 722 88
589 88 705 88
. 600 88 483 a8 .
556 88 673 83
$34 88 656 86
550 88 634 88 .
501 88 612 88
523 88 &01 88
Q85 88 590 88 .
Q68 88 . 579 £9
a74 88 557 B8t .
as5g2 88 . 530 88
. 425 88.535 88
430 88 535 88
. Q19 88 497 88
4q14 88 491 88 .
. 359 B8 464 88
.a42 88 464 88 .
as7 88 448 88
321 88 431 88
3a1 88 426 a8
304 88 404 a8
. 288 88 .393 88
277 88 376 88
26é& B8 3876 a8
. 260 B8 365 86
26é 88 365 a8
. 299 88 349 86
. 239 88 332 88
2ge 88 . 310 88
28 88 . 300 8e
244 88 283 85
.189 88 294 88
195 88 283 88 .
i78 88 272 a8e

S

92
919
919
892
848
a3z
821
826
810
760
744
727
733
708
689
678
654
634
634

.618

607
S$90
557
552
513
524
a7
aQ97
a91
464
ars

. /a7
. A2é
. Q20
.893
. 365
. 393
376

ari

. 354
. 305
.as
7428
. 294
.a78

289

TEMP
DEG
89

B89 .

a9
89
89

89 .

89
89
89
a9
89
89
89
89
a89
a9
836
89
a9

88 .

89

89 .
a8 .

88
89
88
88
88
88
88
86
=1
88
as
88
86
88
88
86
88
212
a8
8a
88
88

3446
2E9
192
28é
220
181

214
137
oes
159
140
203
143
126
0460
093
YHq
000
000
9B
055
033
P64
PH1

874
B35
890
B85
Bai
BHoa
Q4%
890
Y18
857
B46
791
BH7
744
703
&76
L&wve
&£A43
676
97
731
70%

Alé



SAMPLE
LUMBER

3%
36
a7
38
39
a0
a1
a2
a3
aq
as
as
ar
ag
a9
50

DELTA
MINS
0
15
3o
a5
&0
75
0
105
120
135
150
165
i80
195
210
225
240
255
270
285
300
3is
330
345
360
a7rs
390
405
420

450
465
480
a9%
510
525
540
555
570
585
600
615
620
&A%
660
675
490
705
720
735

TEMP

PR R REERRR% S

Y 4
F

.220
.143

o099
039
956
913

864

804

&
. 793

668
&57
&03
543
532

a7

445
qig
ara
336
309
287

293

228

. 206
.140

129

.102

070

. 070

032

.01
. 983

ore

966
. 923

885

. 885
.84a7
814
. 803
. 787
. 760
770
716

. 678
. 667
. 651
. 656

VARIABLE TABLE

TEMP

DEG
90
0
?0
{0
90
0
S0
20

89.

89
89
89
a9
89

89 .

89
a9
8%
/a9
8y
a9
89

89 .
89 .

89
a8y
89

89 .

89
8%

89.
89 .
. BT
$ 5
.1é2
.140
.118
.102
. 091
. 036
.Dag

288838883333333333

8
&

.A34

3s2

.91
. 231

165
126
077
017
978
EY
913
848
820
788
744
679
b&e
619
575
559
537
Q94
aQra
q72
401
38s
ase
ags
325
265
260
227

. 998

TEMP

DEG
0
90
Q0
0
90
90
89
89
a9
89

a9 .

89

89 .

a9
a9

89 .

89
89y
a9
8%

89 .
a9 .

a9

89 .
a9 .
B89 .
89 .
B9 .
a9 .
89.

89

89 .

89
89

89 .

a9

SRR R R R R K

SUMMARY

? TEMP

F DEG.
346 0
. 291 0
236 0
137 ?0
093 90
027 0
978 90 .
929 ?0
885 0
819 0
808 90
765 0 .
726 0.
688 ®0
660 Q0
600 S0
531 89
539 89 .
4586 89 .
Q63 89
403 8%
398 89
.881 89 .
310 89 .
294 a89
299 89 .
244 89.
206 ae
233 89
184 8%
140 89
113 a9
102 B89
080 89 .
064 89
oa7 89
. 009 a8y
. 981 89
. 9359 89
. PRY a9
. 899 a9
916 89 .
.877 a9
855 89
.834 a9
817 89 .
.8z8 89
793 89
784 a9
. TS7 89

10

802
769

. &A8

&09
Sa27
a83
423
3%o

.a73

231

. 209

115
187
09%

. 060
. 000
. 973

Y84
Yaé
896

.837

744
809
700

. 689

711
662
613

. 657
A9
651
. 608
. 548

450

. 450
439
. 460

ai7

. 890
.308

ara

.ase
.a02
.04

199

881
.215
. 215

183

TEMP
DEG .

DOV TDIDCDRICIVIVIILY
VeIV CLCI VIV ECIVVIVLCIYUIVVULYLOOD0OCOCO0O0O00O

P ERB28382023233333

11

.8570

sSe21

. 393

ar3
307
241
181
164
110
ose
Va7
967
940
o2

873

826

B i
. 745
.718
. 642
. 636

636
501

.He8
506

501

.30
4486
. 827
.87
370
L3116
.B78
278
197
.186

153

.20
.159
.137
.104
099
. 055
. 066
.o72
. 061
. 9283
979
. 9391
941

TEMP
DEG
90
90
90
90
90
90
90
90
90
90
89
89
H59
Be
89
a9
89
89
89
89
89

89 .

a9
89
a9
89
89
a89
a9
a9
a9
89
a9
a9
B89
89
89
89
89
a9

89 .

ae

88
88
88
a8

12

227
3285
as3
2396
220
099
oaa2
O&é6
031
006
860
(ST
8B4a2
' @ & 4
T71
641

. 619

&4l
597
ar7
553
423
Q44
423
428
a17
450
a4qa1
270
199
297

245

178
183
118
112
041
101
0583
080
058
009
981
987
900
981
BRY
845
a34
78%

AL’



SAMPLE DELTA
NUMBER MINS
-3 | 730
82 765
53 780
54 795
55 810
56 825
57 840
58 855
59 870
&0 885
61 900
&2 P15
63 930
&4 P45
65 &0
&6 7S
&7 990
&8 1005
&9 1020
70 1038
71 1050
T2 1065
78 1080
74 1095
75 1110
76 1185
b 4 4 1140
78 31183
79 1170
80 1185
81 1200
82 1213
83 1230
84 1245
85 1260
86 1273
87 1290
121+ 1305
89 1320
90 1335
91 1350
o2 1365
93 1380
94 1395
95 1410
96 1425
97 1440

TEMP
DEG

¥
r

. 629
. 618

558
591

. 558

564
520
513
487
asz2
471
455
4qi1l

.aze

395
357
368
351
330
324
330
286
2ye

281
. 294
.303
.210

221

. 194
, 2281
-4TY

161

.134
. 150
.139
. 079

oas

.123
.101
.0%0
. 058
.da1

063

. 063
.02s

030

.003

VARIABLE TABLE

TEMP
DEG .
88
a8

a8
88
88

88 .

88
a8
88
a8
88

88 .

88
88
88
88
88
88
88
88
=15
a8

88

8
F

824

. 835
88 .

819
770
733
743
743
T26
T26
&77
661
&bb
666
4634
&17
585
S32
SAa7
557
541
508
519
498
a70
Q65
az7
qz1
405

. 421

389

. 972

356

. 229
. 340
.323
.302
.ao02
. 296
. 285

263

. 298
.ea7
.236
. 231
220

214

. 209

TEMP

CEG
868
88
88
88

868

88
88
88
88

68 .
88 .

a8
88
a8

88

88 .
88 .
88 .

a8

e8a

88
88
ae
a8

END OF TABLE

SUMMARY

9 TEMP

F  DEG
740 89
713 89
&97 89
&58 89
&£58 89
&4z 8y
631 a9y
&31 89 .
593 89 .
587 88
s8a2 a9
576 89
527 88
505 88 .
516 88 .
q78 88 .
a78 a8
|45 88
456 88
q34 88 .
ailg 88 .
a9vs 88
363 88
390 88 .
341 288
319 88 .
341 88 .
280 88 .
291 88
280 88
B7TH 88 .
269 86 .
248 88 .
24z a8
237 88
. 220 88
215 88 .
209 a8
160 88 .
171 88
154 88
160 a8
1386 a8
133 88
111 a8
100 88
i00 88 .

(CONTINUED!
10 TEMP
F  DEG.
177 86
128 88
079 88
123 a8
101 88
014 88 .
025 88
095 88
025 a8
59 88
090 88
041 88
992 88 .
932 88 .
888 868
932 a8
910 a8 .
856 a8
823 88
P14 86
768 86 .
790 88
817 88
741 88
. 774 88 .
749 88
687 a8
790 88
676 88
687 88
&70 88
714 88
&87 as
605 88
. 649 88
&87 88
594 88
&70 88
S67 88
599 a8
.a78 88
556 88
. 540 a8
Sé1 88
. 556 88
534 8e
540 88

11

896
963
B8z
893

. 887

882
838
838
751
779
762
787
&97
665
724

. &670

670
621
578
675
637
5688
529
&l6
567
534
491
S07
491
312

Q31

507

.az2eé
. 480
826

442
a09

. 420
.asa
.404
. 898
.31
. 306
. 83535
817
. 344
. 3ee

TEMP

DEG
88
88
88
868
88
15)
88
868
88
868

88 .

a8
68
88
88
688
8t
88
88
a8
88
08
88
a8
a8
a8
88
88
88
a8
88
a8

88
8
80
a8
86
a8
a8

ae .

88
ae
138
a8

12

759
834
780
TTra
764
775
778
715
589
633
638
617
S6e
Has
S73
540
513
H29
524
519
538
420
513
<10
431
404
azé
sz
38
aA5S
A&l
K oY

.312
88

217
269
263
200
241

241

241
219
268
115
235
121
132
170

Al



AlY9
VARTASLE TABLE SUMMARY

SAMPLE DELTA TEMP 13 TEMP 14 TEMP 1% TEMP 16 TEMP 17 TEMP 18

MUMBER  MINS DEG F  DEG. F DEG F  DEG F DEG F DEG &
1 0 Q0 .297 90.011 90 . 264 90 . 385 89 . 3292 90 . 140
a2 15 90 259 89 .951 90 . 231 90 . 297 89 . 3L« 0. 105
3 30 90 187 8% 875 0 .154 90 . 242 8y 33z ?0 077
Q a5 90 .138 8% 832 90 121 90 269 89 2e8 Q0 0HSH
5 60 90 . 099 89 783 Q0. .072 Q0. 176 89 261 90 011
& 75 90 . 050 BY 767 90 044 0 099 89 233 89 o83
7 S0 90 006 89 712 89 . 989 90 .104 89 206 89 994
8 105 89 . 956 89 458 89 95%& 90 . 022 B89 162 B9 945
. 4 120 89 918 89 .598 89 923 89 . 989 89 140 89 967

10 135 8% 880 89 571 89 874 89 . 912 89 118 89 928
11 150 89 641 89 528 89 841 89 879 89 .107 a8 92a
i2 165 89 798 8% 490 89 . 797 89 923 89 080 89 884
13 180 89 .7465 89 as7 89 758 89 770 89 . 042 89 BLH7
14 195 8% . 721 89 . 430 av.79% 89 764 89 . 020 89 791
15 210 89 . 699 89 403 89 .714 89 .770 89 . 003 /9 818
16 225 89 &50 89 349 89 665 B89 726 88 992 89 785
17 240 89 &28 89 . 354 89 621 89 6488 88 949 89. 752
e 255 89 584 89 295 89 5688 89 731 a8 Y32 89 774
19 a7ce 89 562 89 262 89 5&0 89 666 88 927 89 730
20 285 89 546 8% .257 89 538 89 583 88 8%4 B9  &92
21 300 89 508 89 224 89.511 89 550 88.877 B89 &92
e 315 89 480 89 . 1846 89 473 89 468 88 B44 B? 470
23 330 89 458 89 .154 89 456 89 523 88 823 89 &226
24 345 89 415 8% 143 89 49 a8y a5s7 88 . 784 89 . 620
2% 360 89 393 89 . 094 89 401 89 468 88 795 89 431
a6 875 89 376 8% o088 89 .379 89 474 88 779 89 &04
27 390 89 344 89 067 89  3asa 89 479 88 .735 89 &04
es8 4q05 8% .322 8% o1ie 8% 341 8% 380 88 . 735 89 H82
a9 420 89 .305 89 012 89 .291 89 . 326 88 719 89 565
30 435 89 272 89 002 8% 291 89 276 88 702 a9 548
31 450 89 256 88 953 89 .253 89 .238 BE &75 aY  H32
a2 Q65 89 223 88 947 89 . 242 89 287 B8 669 a8y 5195
33 480 89 207 88 . 931 89 .2285 89 282 88 . 631 89 499
34 95 89 185 88 893 89 209 89 200 88 636 8% 477
as 510 89 . 163 88 899 89 181 89 21é 88 614 B89 860
36 525 8% 141 88 866 8% . 148 89 .189 B8 604 8% . 939
ar 540 89 119 88 Béé 89 . 159 89 . 128 88 598 a8y 92%0
38 555 89 108 88 855 89 110 89 216 88.571 8% . 950
39 570 89 .081 88 828 89 104 B89 . 167 88 532 89 945
40 585 89 .05%9 88 779 8% 077 8% 112 88 521 8% 917
4q1 600 B89 . 048 88 779 89 049 89 106 88 527 89 923
Qg 615 8% 021 88 757 8% 027 89 024 88 483 8y 206
a3 630 89 010 88 . 736 89 . o222 88 975 88 . 483 87 . 906
Ld 645 88 . 998 88 . 741 8% 000 B9 046 88 472 90 270
45 &60 88 977 88.719 88 978 89 .035 88 4467 90 237
a6 673 88 . 950 88 . 698 88 . 978 88 997 88 439 90 242
a7 690 88 944 88 &71 B8 956 88 . 925 88 428 90 .23
a8 705 88 %28 88 649 88 940 a8 909 88 417 90 .237
a9 720 88 900 B8 . é22 88 918 88 . 898 868 401 90 220
50 735 88 869 88 606 68 923 88 . 920 88 390 90 215



VARIABLE TABLE SUMMARY (CONTINUED)

SAMPLE DELTA TEMP 13 TEMP 14 TEMP 15 TEMP 16 TEMP 17 TEMP 1B

UMBER MINS DEG . F DEG. F  DEG F  DEG F  DEG F DEG F
o1 750 88 873 88 627 88 890 88 B93 88 379 ?0 209
- b 765 88 BS7 88 . 600 88 857 88 942 88 ase 90 . 198
93 780 88 851 88 589 88 835 88 898 88 346 Q0 . 198
54 795 88 818 88 573 88 8446 a8 882 88 324 90 @204
535 810 B8 824 88 546 88 824 88 843 88 324 90 1867
56 825 88 780 88 530 88 802 a8 a%a a8 319 90 171
57 840 88 791 88 530 B8 786 88 B43 88 30°? ?0.171
58 855 B8 764 88 519 88 775 B8 816 88 269 90 132
59 870 88 758 88 475 88 736 88. 772 88 269 ?0 121
&0 885 88 736 88 464 88 7464 B8 717 88 258 Q0 . 132
61 200 88 . 720 88 464 88 709 B8 . 788 868 253 ?0 1146
&2 P15 88 709 88 470 88 725 88 673 B8 226 Q0 . 099
63 920 88 698 88 448 88 . &é92 88 . 723 88 . 220 Q0 094
£4a 945 B8 &82 88 421 88 697 88 734 88 215 Q0 . 0P
65 960 BB &82 88 421 88 &70 88 712 88 209 ?0 110
&6 TS 88 &40 88 389 88 654 88 &79 88 182 90 088
&7 990 88 649 88 410 88 659 88 673 a8 171 Q0 072
&8 1005 88 632 88 378 B8 626 88 750 88 182 20 072
69 1020 88 &05 B8 345 B8 . 610 88 673 88 165 0 061
70 1035 88 &16 88 351 88 593 88 &84 88 . 127 20 . 0H5
71 1050 88 600 88 313 88 .6195 88 596 88 138 Q0 . 039
72 1065 88 578 688 323 B8 566 88 646 88 154 90 044
73 1080 88 578 88 307 88 571 88 602 88 . 094 90 055
74 1095 88 572 88 318 88 560 88 536 88 133 90.017
75 1110 88 .545 88 280 88 . 538 88 542 88 .105 20 011
76 1125 88 550 88 264 88 527 88 514 88 094 90.017
£ 1140 88 512 88 269 88 506 88 531 88 061 90 011
78 1158 88 539 88 75 es 506 88 503 88 072 Q0 017
79 1170 88 501 88 231 88 489 88 547 88 . 050 90 011
80 1185 88 474 88 226 88 495 88 553 88 . 045 Q0 . 215
1 1200 88 485 88 . 215 88 456 88 536 8e 023 ?0 204
82 1215 88 468 88 204 88 473 868 478 88 045 90 .209
83 1230 88 457 88 209 88 A45é 88 487 as 034 90 . 204
84 1245 88 457 88 161 88 440 88 . 542 88 o028 90 . 209
85 1260 88 446 88 . 182 88 434 88 487 88 007 90 193
8é 1275 88 430 88 177 88 418 88 427 87 996 90 204
87 1290 88 425 B8 171 88 379 88 432 87 990 0 . 209
a8 1305 88 . 397 88 128 88 3%0 88 438 87 996 90 187
89 1320 88 397 886 128 88 379 88 459 a7 .97% Q0 . 165
90 1335 88 3va 88 112 88 379 88 438 87 974 90 . 165
{1 1350 88 381 88.117 88 357 88 427 87 963 Q0 165
92 1365 88 348 88 112 88 . 357 88 388 87 952 90 165
93 1380 88 342 88 101 88 346 88 344 87 .930 90 149
¢4 1395 88 364 88 . 133 88 . 335 88 311 87 .97% 90.154
95 14190 868 3498 88 074 88 335 88 344 87 963 0 . 149
9?6 1425 88 337 B8 068 88 330 88 383 87 946 90 . 132
97 1440 88 . 337 88 068 B8 286 88 339 87 963 90 143

END OF TaBLE



SAMPLE DELTA
UMBER MINS

QT NOU DW=

29

32
a3
a4
35
36
ar
38
a9
a0
a1
a2
a3
aq
as
ae
ar

ay
S0

0
15
30
a5
60
75
S0

105
120
135
150
165
180
195
210
e2%
240
255
270
285
300
315
330
345
260
375
a90
ao0s
Q20
Q35
450
465
480
Q95
510
525
540
555
570
585
&00
615
&30
&4as
&60
&75
&%90
705
720
735

TEMP

OOV TDTDRX POV DDRYO
u:gtnfgu:g<na:m 8tng;mf§a;8 053130 99V LCVO0I:

19

157
157
157
135
097
125
0Bé
097
Q48
032
027
005
999

983
278

961

. Y29

Q12
885
880
880
858
82%
804
787

. 782

771
738
711
700
684

. 6B4

668

. 630
. 635

613
&08

. 581

. 554
. 554
. 543
. 543

s321

. 505
QT2
.a77
.a7e

456

. 434

VARIABLE TABLE

TEMP
DEG

93 .

S

®3.

*3

93 .

93

3.

93

D.

3
93
®3

99 .

93
o3
?3
93
93
o3
93
93
93
93
93
93
3

93.

93

93.

93

99 .

93

3.

93
93
3

93.

93

93
93

20
F
807
780
741
736
T2%
692
681
&70
653
631

. &2&

615
598
576
565
554
543
532
510
a93
aga
ari

aaaq
aaa
a7
acs
389
are
361
361

350
339
326

. 306

301
290
273

262
93.
98,
. 293
.218
93.
3.
3.
93 .
93.
3.
99.
93.

251
3%

218
196
196
180
174
169
163
147

TEMP

DEG
Q0
90
S0
90

90 .

0
Q0

90 .

90
0
20
Q0
0
|89

89 .

89
a9
89
89
89
89
89
89
|9
a9
a9y

89 .

89

89 .

89

89 .

a9y

89.

89
89
89
89
8%

B89 .
89 .
a9.

89
a9y
89

89.

8%

89 .

89
89
es

SUMMARY
21 TEMP
F  DEG
654 Q0
588 0
544 90
462 90
390 90
345 0
297 90
231 ?0
192 0
143 ?0
099 90
055 0
011 Q0
Y&2 0
934 0
2?01 89
830 89
g0z 89 .
769 89
Taz a9
6£98 a9
693 89
638 89
&05 89 .
S72 8%
544 89 .
539 89
468 av.
[62 89 .
440 89 .
{24 89
374 89 .
363 B9
asaz 89 .
3Ias 89 .
292 a9
259 89 .
248 89
221 89 .
199 89
177 89 .
171 89
133 89.
116 ue
3 89
o772 a9
051 89
040 a9
034 89
001 89

or
&
758
&98
&332
560
505
456
401
an7
313
247
220
170
132
055
oze
989
P62
i
874
as57
819
781
742
720
688
666
638
594
567
534

. 5394

S512
463
452
441
391
364

. 348

3ag
309
304
271
254

281

227

167
156
. 199
. 1899

106

TEMP

DEG
90
@0

90 .

90

90 .

90

90 .

90
0
90

Q0 .
0 .

90
90

Q0.
90 .
90 .

89

89 .

89
ase
89
a8y
89
89
89
a9
8%
a9
a9

89 .
89 .

a9

89 .

89 .

2333333

8333333

.204

TEMP

92
92
Q2
91
91
1
91
P1
21
?1
?1
91
b |
91
1
?1
9?1
91
i
@1
@1
1
?0
0
Q0
0
P20
90
20
Q0
?0
0
?0
90
20
@0
20
90
0
90
0
90
90
0
0
0
90
S0
0
90

ca

134
046
024
P25
861
777
744
700
66l
b 5 B |
463
430
a4
D37
37
H04

210

199

161

111

o4as
08Y
QT
957
230
Y13
880
BS8
825
H03
T74H9
748
693
&71

&77
633
583
550
534
%12
501

ars
a7
4418
402
a9l

380
541

aao
08

ARl



SAMPLE DELTA
TUMBER MINS

51
52
53
54
55
56
57
58
59
60
&1
&2
63
&4
65
66
&7
68
69
70
71
72
73
74
v
76
77
78
79
80
21
82
a3
84
85
e
87
S
&9
%0
91
9e
93
94
9%
96
97

750
765
780
795
810
825
840
855
870
885
900
915
930
94as
960
P7TS
990
1005
1020
1035
1050
1065
1080
1095
1110
1125
1140
1155
1170
1185
1200
1215
1230
1245
1260
1275
1290
1305
1320
1333
1350
1365
1380
1393
1410
1425
1440

TEMP

a8
88
BB
88
88
88
=12
88
86
88
88
88
88
88
88
88
88
88
88
88
88

88 .

i9

418
401
401
385
396
374

. 338

3ar
341
341
341
303
314
293
309
282
287
271
265
238
238
227
244
227
195
216
193
184
195

.178

173
135
i40
119
124
113

- 319
.119
. 113
.108
. 064
. 086

053
053

. 097

o3e
015

VARIABLE TaABLE

TEMP
DEG

93.

93

98.
3.

93
93
*3
{3
93
93

93 .

93

8.

3
93
<
93
93
93
92
o2
92
92
2
e
Sz
2
92

92.
B

o2
R
b
92
Y2

.
ve.
. 899
. 899
92.
2.
92 .
.B77

2
92

Y2
92
Y2
2
92

20

F
125
130
125
119
114
108
086
086
070
064
059
064
053
037
037
026
031
026
009
998
998
982
987
982
971
°71
949
943
949
943
921

. 982

910

. 921

910
910
854

877
883
a7z

861
8é1
861

.850

TEMP

DEG
88
88
88
88
88
88
88
88

88
88
88

a8 .
88 .
88 .

® o e I ]
@ o @ oo

END OF TaBLE

SUMMARY (CONTINUED?
21 TEMP 22 TEMP
F  DEG F  DEG
P68 89 084 89 .
990 89 084 89 .
919 89 . 052 89 .
. 935 8% 057 89
891 89 o002 89
897 89 002 a9
875 89 002 89.
847 88 964 89 .
847 88 958 89
825 Bf  94¢ 89
798 88 925 88 .
87 88 914 88
782 88 904 8
738 88 849 88
754 B8 876 =15]
732 86 838 88
732 a8 . 849 88 .
699 88 821 a8
683 a8 . 799 a8
666 88 . 766 88
450 88.772 88 .
639 88 . 777 a8
628 88 . 739 88
&00 88 . 739 88
. 606 88 . 723 88
. 595 ee 723 88
.378 88 695 a8
584 B8 &84 88
540 88 657 88
. 546 B8 . 657 B8
. 546 B8 646 a88
a9é 88  &24 88
. 485 88 . 602 8e
. Q91 88 591 88
474 88 591 88
. 480 88 580 88
a52 88 575 a8
430 88 542 88
4qa14 88 . 542 88
425 88 52% 88
419 88 542 86
as1l 88 514 a8
. 292 88 514 a8e
ars 88 514 e
364 88 509 88
. 359 88 476 a8
348 88 470 8e

23

177
133
166
094
050

.023

o772
001
029
o1z
6
@52
P85
P19
P46
Y08
9468
880
875
836
831
814

. 831
. 858

765

732

727
727
749

. 699
. 694
694

705

. 635
661

&39

628
. 995
. 995

551

. 589
. 535
.81e

351

. 535
. 585

TEMP
DEG
20
?0
@0
P0
Q0
90
S0
90
90
90
90
K0
90
90
0
90
20
90
a9
89
89
B9
89
89
89
89
89
89
a9
8Y
a9
a9
89
89
89
8%
89
89
89
/89
a9
89
89
a89
89
29
a9

24

2846
281
253
291
eeé

209

165
165
p Bt |
138
099
121
083
07
050
011
000
017
P7e
98P
o1
PHE
oL
EYé
896
P07
B6Y
8353
858
B63
803
8BHOY
T8H2
TEH
T714
754
716
754
727
T
&£94
&B3
&83
689
&67T7
641
&23

AR2



AZs
VARIABLE TABLE SUMMARY

SAMPLE DELTA TEMP 25 TEMP 26 TEMP 27 TEMP 28 TEMP 29 TEMP 30

UMBER MINS DEG . F DEG F DEG F  DEG F DEG. F  DEG F
| 0 90 .679 90 . 363 90 434 90 579 Q0 . 369 90 «498
4 15 90 597 90 . 302 ?0 450 0 502 Q0 341 90 &a78
3 30 90 . 569 90 .258 90 406 90 44 90 275 @0 . 3ahn
4q a5 Y0 . 4982 90 . 198 ?0 . 291 90 375 90 .171 20 285
S &0 90 422 90.115 ?0 236 90 .309 90 . 132 90 203
& g P0 367 0 . 099 0 . 192 P0 259 P0 094 P0 142
7 {0 90 318 <0 . 049 90 . 159 90 221 20 . 055 P0.115
8 105 90 .296 90 006 ?0 077 Q0 176 89 984 Y0 044
9 i20 ?0 208 B89 913 90 .055 ?0 . 094 89 951 89 . 989

10 135 ?0 197 89 951 ?0 027 90 039 89 8895 89 967
i1 150 90 110 89 919 29 . 289 89 995 89 . 847 89 . 923
12 165 90.110 89 843 a9 956 89 956 89 803 89 8652
i3 180 90 033 89 .778 B9 B&7 89 929 89 .754 B9 B36&
14 195 90 .011 89 745 89 . 900 89 912 BY 7498 8Y 743
15 210 90 011 89 740 89 806 e 857 B89 743 a9 727
16 225 89 961 89  &59 8%y 812 HY 830 89 699 89 721
17 240 89 .912 B89 664 89 .790 89 . 775 B89 623 B9 656
18 255 89 857 89 583 89 734 89 . 720 BY? 546 89 639
19 270 89 840 8% 594 89 701 89 703 89 . 5446 89 617
20 285 B89 780 89 561 89 &40 B9 665 89 .579 #9 HeB
21 300 89 752 89 . 512 89 . 657 69 643 a8y a97 B9 563
28 315 BY 736 8% 507 89 601 89 . 610 89 AaA97 89 H13
23 330 89 708 8% 501 89 .574 89 .572 89 aav 89 497
24 345 89 é81 89 420 B9 5463 8?9 550 89 448 89 448
295 360 89 637 89 425 89 524 89 . 489 89 366 89 431
26 375 89 626 8% .377 89 474 89 478 8% 333 89 410
ar 390 89 587 89 322 B89 441 8% . 451 89 311 89 393
e8 405 89 604 8% 290 8%y 452 B89 429 89 267 89 a2
a9 4az20 89 554 89 290 89 430 89 396 89 284 89 .300
30 Q35 89 . 503 B89 274 89 396 a% 390 89 278 89 306
al 450 89 494 89 252 B89 . 385 89 341 89 235 89 240
az Q65 8% 444 B9 160 a9 . 297 89 303 39 218 89y 229
33 Q0 89 . 433 89 . 192 89 308 89 264 89 . 207 892 207
34 495 89 428 89 214 8% 302 89 281 89 191 89 180
3s 510 89 395 89 220 89 286 89 259 89 . 136 89 169
36 525 89 384 89 . 089 B9 214 89 226 89 103 89 .131
37 540 89 356 89 .095 89 230 89 198 89 120 a2 .12%
38 555 89 307 89 122 89 . 192 89 187 89 0465 89y 142
ae 570 89 .3351 B89 . 084 89 181 89 138 89 . 081 89 060
40 5835 8%y 318 8% 079 89 147 89 .143 89 071 8% 049
a1 600 89 290 89.073 B89 136 89 .110 86 999 89 043
agz 615 89 . 241 89 . 019 89 o081 89 099 89 .078 89 021
43 630 89 24é 89 035 8% .131 89 .077 88 994 88 994
L &£4%5 B89 174 88 . 997 89 048 89 . 028 88 978 88 Y89
a5 660 89 191 88 . 949 89 042 8% 023 88 . 928 B8 956
aé 673 89 .191 88 916 89 014 89 001 288 939 88 vre
a7 &90 89 .1586 a8 905 88 998 89 006 88 934 88 . 907
a8 705 89 .119 88 . 905 88 992 88 948 88 885 88 901
a9 720 89 119 88 883 88 987 88 957 88 844 88 805
50 735 89 . 086 88 _87e 88 987 88 951 868 846 88 863



!

SAMPLE DELTA
MOMBER MINS
51 750
s2 765
D3 780
54 795
S8 810
56 825
57 840
58 8595
59 870
&0 885
61 Q00
62 135
63 930
&4 45
65 Y60
Y TS
&7 990
68 1005
&9 1020
70 1035
71 1050
72 1065
73 1080
74 1095
75 1110
7 1125
77 1140
78 1155
7% 1170
80 1185
81 1200
82 12195
83 1230
B4 1245
85 1260
86 1275
87 1290
88 1305
89 1320
0 1335
{1 1350
Sz 13635
93 1380
94 1393
95 1410
96 1425
7 1440

TEMP

89
89
89
8%
89
89
88
88
88
88
B8
88
88
88

88
88
88

88

88
88
88
88
88

es
88

88
.3735
88 .
. 553
. 520

25

. 086

081
04z
031
009
004
993
993
949
94a%
910
905
899
872
861
833
822
822
811
800
745
756
756
729
96
712
679
674
630
sas
624
619
608
591
586
553

54z

520

.a92
. 498
.AaATé
.agl
/59
88 .

as9

VARIABLE

TEMP
DEG

26
3

.83%5

835

. 829

829
780
743
743
726

721

&99

.&78

694

699

612

607

596
&40
591

. 569

553
537
315

. 926

4a82
466
arz
ail7
Qz3

.a17

3Ivé
4aq4
390
are

. 369
.374
. 347
.331
.323
.341
.3a04
.esa
. 260
BT
. 233
.e01
88 .
e

238

TABLE

TEMP
DEG

88
88
(212)

88
88
88

88

a8
88
86

88

88
a8
68
88

BP0 R83 80800388805

END OF TABLE

SUMMARY
27 TEMP
F DEG
920 88
926 88
. 959 88
893 88
848 88
826 88
826 88 .
815 88
815 88
793 =12
749 88
798 88 .
782 88
760 86
710 88 .
732 =12
693 86
&332 BB
&82 88 .
b66 88
682 es
&82 B8R
. 594 a8e
&21 88 .
S77 88
555 88
527 88
a83 88 .
.D6é 88 .
. 555 es
. 483 88
a8 a8
488 88
461 a8
433 88
433 88
a5s a8
az7 88
289 88
367 a8
361 88 .
are a8
206 88 .
817 88 .
. 911 a8
a1l a8 .
344 88

28
¢

. 907

891
891
891
852
8630
825
808
775
781

. 731

7a7
704
710
488
&77
66é
633
655
611
611

. 589
. 578

583

BT
. 956
. 523

501
495
a51

aag

aas

. 4335
.413
.4q29
.Qo2
.864
. 991
.69

3sé
336
aas
331
298
303
325
e87

(CONTINUED)

TEMP

DEG
8L
a8

a8
a8
88
86
88
88
88
688

B8 .

88
88
88
&=
a8

88

88
88
a8

e
o
B24
Bil4
786
786

.T759
. Tae

726
742
704
655
671
&71
8593
611

. 600

568
595
535
551
5395
a9 é&
4q91
as8
486
a75
a7%
a69
431
393
360
360
ari
343
393
360
a1
311
300
289y
305
234

261

223
234

256
. 239
.174

TEMP

DEG
86
a8
88
88
86
o8
88
88
(212)
88
88
a8
B8
88
88
86
515

88
88
688
a8
a6
a8
88
B8
88
868
88
88
86
a8
21T )
38
a8
88
88
838
8e

a8

a8
88
88

88 .

88
88
a8

30

824
a8a5
797
808
T
748
758
7i0
&9
7Tel
699
68e
A5H0
&06
611
584
H9H
HBe
bs 2o b §
535
551
$513
S446
469
a69
<75
458
469
a3
LAy
420
D43
A40
ar1
a3z
249
3o
311
289
283
283
267
2683
nan
229
2as
245



SAMPLE DELTA
"HIMBER MINS

25

a2
23
34
as
36
a7
38
39
40
4q1
az
4qs
La
4a%
Q&
azy
a8

50

0
15
30
Q5
60
75
0

105
120
135
150
165
180
195
210
283
240
255
270
285
300
315
330
345
360
3rs
390
405
420
435
450
a6y
480
a9%5
510
525
540
555
S70
585
600
615
630
&45
660
&75
690
705
720
735

TEMP

90 .

90
90
0
90
90
90
90
0
P0
Q0
8%

89 .

8%
89
89
e%
89

89 .

89
89
8%
ey
89
89
a9y
89
8%

89.
89 .

89
89
89
89
89
89
89

89 .
. 299
309
.178
. 200

3923338838399

31

451
a0z
314
3I4q7
330
226
187
11&
099
028
105
Pas
929
875
Ye4q
799
soz2
777
728
&95
761
652
619
4603
587
538
53z
s527
4a83
450
418
4q18
347
ase
34z
353
331
266

168

L1857
.113
124
.0Bé&
. 059
075
.026

VARIABLE TABLE

TEMP

DEG
0
0
90
0

90 .

S0
90
Q0
89
89
89
89
a9
89
89
89

a9 .

8%
a9
89
89
89
89
a9
a9
89
89
8%
89
8%
a9

Q
<

EEEREREEEEREREEEE:

a2
F
313
275
198
137
oz
071
0&0
co0
951
973
880
853

815

744
755
701
690
668
614
575
559

. 532

505

.aes8
. 488

418
385
ass

. 336

asea
309

.e87
. 265

249
238

.200
.205

162

. 145
L1082
. 096
. 083
. 091
. 069
036

031
77
9T7
Peé

949

TEMP

DEG
90
{0
90
0
90
0
90
a9

89 .

809
89
89y
99
89
89
a9
89
a9
a9

89 .
89 .

89
89
89
89
a8y
89

89 .

a9
a8y

PR RRR833230082283333

SUMMARY
33 TEMP
F  DEG
319 90
27% 0
.e14 0
148 90
104 a9
066 89
038 a9
P51 89
P34 89 .
880 689
852 a9
792 89
781 B89
759 8%
699 89
&7e 89
623 89 .
617 a9
S79 89
357 89
sS502 av.
4aB0 89
aq7 a9
Q20 89 .
404 89
ari 89
238 89
v 89 .
300 89
272 89 .
. 245 89 .
.240 89
.207 a9
196 89
.158 89
141 89 .
119 89 .
097 a9
. 097 a9
070 89
o048 a9y
o2& a8
021 8a
988 88
955 88
Ya4q 88
928 ==
o2 88 .
. 900 88
879 8e

34
4
137
110
038
016
89
a0
912
869
836
T2
743
721
710
&50
&33
&01
568
H46
502
Q80
453
Q31
4q1s

344
333
305
ers
256
251
201
179
179
158
130
125
o9z
070

. 037
043

010

977
P77
972
. 955
. 959
P17

TEMP
DEG

90 .

S0
90

90 .
90 .

?0
20
90
90
0
90
90
90
90
90
0
0
89
89
a9y
B89
a9

89 .

22383889

a9

89
89
89

$388333%33333333%

35

417
456
qé1
302
cé4
2464
253
198
225
165
132
099
132
060
011
038
935

. 983
951

820
875
831
804
799
859
71
7ie
793
663

L7317

570
6&90
576

. 668

Q72

. 254

n81
516
Sa21

. 510
.91aé
489
. 456

Q07

qigz
369

2309

TEMP
DEG
0
90
2
Y0
90
89
89
89
8v
89
89
a9
89
89
89
ay
89
B89
a8y
8y
89
8%
a9
89
89
89
89
89
89
B9
a9
a9
89
8%
89
89
89
a9
89
80
88
88
828
a8
a8
88

Bé

oas
ated
165
099
0641
Y89
Y34
P18
87
B336
8603
rHa
709
660
644
£00
ST
Haa
S12
U85
ane
a4=[%
a91
364
2 Vol
S320
290
eri
2549
213
194
200
167
139
112
090
Q95
041
041
002
T
©78
P44
Y6
Qa7
Y14
209
871
854
B0ay

ArS



SAMPLE DELTA
UMBER MINS

51
S2
53
54
295
Sé
S7
58
a9
&0
61
62
63
&4
65
&é
&7
&8
&9
70
71
72
73
74
i g-)
76
77
78
79
80
81
82
a83
84
85
Bé
87
88
a9y
90
1
Y2
3
94
95
96
7

750
765
780
795
810
825
840
855
870
885
900
915
930
P45
9&0
7S
990
1005
1020
1035
1050
1065
1080
1095
1110
1125
11490
1155
1170
1185
1200
1215
1230
1245
1260
1275
1290
1305
1320
1335
1350
1365
1380
1395
1410
1425
1440

TEMP
DEG .
a9
89
89
88
88

868
88
B8
88
88
88
68

88 .

23338883

a1
F
0é&4a
037
010

. 988

966
939
961
9as5
950

. 863

868
857
814
857
825
776
749
803

770

776
683
705
&78
683
&40
738
€83
667
&40

. 596

602
591

5.4
.S2e
. 598
573
. 504
.48

498

. 588
.915

520

471

asz

. Q44
A66
. Q17

VARIABLE TABLE

TEMP
DEG

PR OR300 002888%3828

|2
=

. 944

Y28
?11
889
889

.841

Bé&2
835
813

.T92

786

. 770

759

. 781
. 743

737

. 704

694
721
£94

. &61

655
645

. &50

296
601
S79
617

. 617

557
568
S2%

. 514
. 519

qaB81

a7
465

4qa76

. Q]38
.A65
/a9
.azz
., 27
. 289
.383
.400
.410

TEMP
DEG

88 .
as .
88 .

END OF TaBLE

SUMMARY
33 TEMP
F  DEG
868 88
B46 88
824 88
813 86
807 88
797 8
775 88
764 88 .
747 es
. 781 88
714 88 .
698 88
682 88
676 88
654 a8
643 88
621 88
627 88
. 589 88
. 589 88
567 88
.550 (=1=)
. 556 88 .
534 a8
S28 88
S518 88
507 88
. 490 a8
qara 88
Q68 - 1)
444 88 .
Q30 88
. 430 a8
25 88
ave 88
3s1 88 .
370 88 .
. 264 88 .
364 =1]
364 868
332 es
326 88
.a21 88
304 a8
.304 88
288 88
.293 a8

34
r
eis8
840
797
Trs
791

.TE&%

764
709
720
&93
704
676
&82
&54

. 632
. 627

611

611
. 589

561

. 599
. 539

.219

359
310
293
a1

. 304

244
255

(CONTINUED)

TEMP
DEG .

89.

B89
B8®
89
89

89 .
89 .

89
a9
89
89
89
89

a9

89 .
89.

89
89
89

@2
€

PR B R RERRR38833%

35

309

. 358

314
260
233
206
260
rae
151

.184
L1628

200
140
iza
08é
o%1
064
o081
004

. 037

02é
004

. 983

934
004

879

950
945
939

. 917
.B57
.89
906
.B79
. 819
.863
. 798
. 857

e19e

. 743
.T27
770
. 743
TRy
. 743
. 782

TEMP
DEG .
8e

88

12)

B8
88
88
G8
88
a8
=13)

a8
B8
68

252338

86
86
88
86
88

a8
88
88

86
88
866
8o
es
88
a8
88
88
86
8B
as
88
80
88
86

3é

827
827
816
794
783
777
761
789
T7ED
701
L)

.&7T3

L6
&b
&5 1

. 629
618

&02

586

580
Sé64
H69
54a7
HH3
520
Ho3
a9
498
areé
a70
4437
465
438
427
410
IY
3683
288
are
455
250
|39
233
326
aes
a2
295



SAMPLE DELTA
“UMBER  MINS

QDN DON-

0
15
30
5
60
75
0

105
120
135
150
165
180
195
210
a225%
240
255
270
285%
300
2195
330
34%
360
375
390
405
420
Q35
450
Q65
480
495
510
525
540
555
570
583
600
615
&30
645
&60
&75
690
705
720
735

TEMP

DOV POITDDDDRDODORDDD®D §
49@(30~00-00~0g~00v03~00~03~03~0213%

)
¢

2868

a7

557
as7
a8é
aaz
415
avi

. 971

a27
305
300
261
207
174
174
163

.119
. 129

070
o4as
o026
999

972

. 935

911
?11
873

. Bé2

B4aé
829

8oz

791
775
758
758

. TES

709

. 704
. 693
. 687
665
. 638
. 643

621

. 600
. 600

S72

561
. 545

VARIABLE TAEBLE

TEMP
DEG

89 .
89 .

89
89
8%
8%
89
89
89
89

89 .

8%
89
8%

8%.
. 020

8y
89
88
88
88
88
=1
88
a8

38
2
513
aTrs
aaq7
403
arveé
321
272
267
239
201
152
130
108
070
059

009
955
933
Y22
900
8467
867
823
807
785
774
736
703
719

.T719
664
. 648

610

. 632

.571
. 5é6
.A%0
. 5ee

Sae

.a73
.AaQs
.a62
.az4
Q18
. Q07

TEMP
DEG .
S0
?0
90
89

89 .
BY .

89
8%

89
89
89
89y
89
89
89

a9
a9

B89 .

89
89

89 .

89
89
89

89

AR R R R EEREEEREEEREEEE!

SUMMARY
3y TEMP
F  DEG
oa8 88
044 88
011 a8
P95 a8
78 88
P18 88
874 88
880 88
858 88
820 o8
798 88
770 88
738 a8
705 88
705 a8
677 88
650 88
601 88
5939 98
S95 88
5357 88
541 88
5138 88
a9 88
. 453 88
. 470 88
420 es
. 399 88
.38 88
. 866 88
871 e8
.3238 a8
.311 88
. 293 es
. 289 88
. 267 88
. 240 a8
218 a8
BEY 88
.224a a8
.180 88
18% 88
.188 88
153 a7
.109 87
.114 867
.109 87
071 87
o081 87
049 87

Q0

717
&78

. 66T

&40
613
ST
553
525
509
apz

. 471
. 438
.411

Q00

. 389

367
aez
aa3

. 318

307
280
258
252

.a4a1
223
. 220
187
.iB1
176
.170
. 165
110
.o88
. 083
061
. 034

039

034
.028

023
017

017
. 007
. 990
.97e

957

957
941
. 936

930

PRES

1

PSIA

a7
37
ar
37
ar
37
a7
a7
ar
37
ar
ar
a7
ar
a7
a7
a7
av
a7
ar
a7
37
a7
37

av.
Hea

37
37
37
37
a7
a7
a7
a7

ar.

37

ar.
8.
.aTe

a7
37
37
a7
a7
a7
37
27
37
a7
a7
a7
ar

€49
£43
&42

637

&35
632
&30
Leé
627
&Lee
620
617
614
616
611
609
613
609
604
602
599

598

596
595
593

591
590

. 588

587

. 586

584
sez2
S80
582
576
574

570
568
567
565

. 564
. 564
. 965
. 564
. 362
862
. 561
. 960

HiLIM

OOOOOOOOOOOOOOOOOCOOOOOOOOOCOOOOOOOOOOOOOCOOOOOOOO

1

FRACTION

182
183
184
184
184
185
184
186
187
187
188
188
189
189
190
190
1920
191
191
191

191

192
192
192
193
193
194
193
194
195
195
195
195
196
196
196
196
197
197
197
197
1968
198
199
198
199
199
199
200
200

AT



SAMPLE
NUMBER

51
S2
53
54
55
Sé
57
S8
59
&0
61
&2
63
&4
65
&é
&7
&8
&9
70
71
72
73
74
75
76
77
78
79
80
81
82
83
B4
85
86
87
88
8%
90
91
92
93
94
95
Y&
7

DELTA
MINS

750
765
780
795
810
825
840
855
879
885
900
915
930
945
Y60
7S
990
1005
1020
1035
1050
1065
1080
1095
1110
1125
1140
1155
1170
1185
1200
1215
1230
1245
1260
1275
1290
1305
1320
13335
1350
1365
1380
1395
1410
1425
1440

TEMP

37

539
323

. 523

507

.are

as7
ara
as7
aaé

. K[46
. 430

430
aoe
397
ave

.aT8
. 959

364

.348

a4z

. 326

3190

.310

299
268

.ese

2/7
260

249

249

.298
.eee
. 200

211
200
195

.184
178

88 167

. 167
182
.191
.146
.146
. 189
88
.118

113

VARIABLE TABLE

TEMP

DEG
es
88
8e
88

88 .
88 .
88 .

88 .

38
F

.374

s
358
ase
3aas
303
309
292
276
25%
248
265
259
221

.e21

205
199
188
172
i83
155
139
128
123
123
iz2e
112
090
o84
079

.0&2
. 04aé
051

04as

. 0835
019
.085

ooe

.01%
. 997
. 986
.00
. 997

969

. 953
. 983
.9a7

TEMP
DEG .
89
89
89
=12
a8
88
88
88
88
88
88
88
88
es

END OF TABLE

SUMMARY
239 TEMP
F DECG
043 88
043 a8
0&0 88
Y94 88
P99 88
78 88
961 88 .
P67 88
956 86 .
P17 88
923 88
923 a8
a9 88
896 88
874 a8
868 88 .
874 88
852 B8 .
84é 88
824 88 .
814 a8
808 88
781 88 .
e8c3a a8
. 764 88
770 87
748 87.
770 87
Taz 87
.74z 87
74z 87
704 87
. 688 87 .
693 87
. 699 er
&88 87 .
660 87
.&50 87
. 639 a7
&55 87
. 633 87
&33 87
&£44 87
. 593 87
589 a7
589 87
. 589 87.

{CONTINUED)

a0 PRES 1

F PSIA
o094 27 558
oB8 37 558
o088 37 .555
067 37 554
o7e 37 .550
o7& 37 . 549
067 37 . 549
061 a7 554
061 a7 546
061 37 H4s
056 a7 . 546
039 37 545
. 050 a7 544
039 ar.5%as
045 37 544
034 a7 . 543
039 37 543
oz8 a7 542
.017 37 543
017 37 543
oi2 37 .542
oia2 37 5S4z
o1g 37 541
001 37 541
001 37 . 541
P85 a7 540
979 37 .541
85 37 540
974 87 .53%9
. 974 37 .539
. 979 87 .53%9
968 a7 538
68 37 536
937 37 532
. 946 37 .530
Qas 37 428
.94a1 a7.531
930 a7 .529
. 925 av .32
930 a7 . 520
. 914 37 519
.¥14 a7 .519
914 37 .517
908 a7 .517
897 a7 .3516
903 37 816
essé 37 .514

HUM

1

FRACTION

coogoo0o000o00O000C0

OOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOO

200
200
201

201

201
201
202
208
202
202
202
203
203
203
203
203
204
204
201
204
204
205
205
205
205
206
206
206
P06
207
206
207
207
207
208
208
208
208
208
208
209
209
209
209

. 209

209
209

AZD



SAMPLE
UMBER

VO ~NOCUDQAU -

30
31
az
33
34
as
36
37
386
39
<0
4a1
qQz
43
La
a5

s8332

DELTA
MINS
o
15
30
as
60
75
90
105
120
135
150
165
180
195
210
285
240
255
270
285
300
315
330
345
360
375
390
405
420
435
450
465
480
aQ9s
510
5235
540
555
570
585
&00
6195
630
&£45
660
&75
&90
705
720
735

HUM

2

FRACTION

0000000000000 O000O0VOOOCO0CCOODO0ODO0O0OOOCO00COD000C0O0O0

181
ie2
183
183
184
184
186
18é

186

187
187
i88
1688
189

.189

189
190
190
191
191
191
191
ive
192
192
193
193

. 193
.194
.194

195

.194

195
195
196

196
. 196
. 196
.196
19y
197
397
197
.198
.19e
.198
. 199
199
. 199
. 499

VARIABLE TAaBLE SUMMARY

HUM

3

FRACTION

000000000000 O0OCOCRDORLOODOCO20000CC0C0OCO0O00C0O0O0O0C0OCOCOD0OO0O

174

174
175
175
177

178
177

i78
i81
180

.182

180

L1881
.iBa2

i82

.183
.184

183
i84
183
i85
184
184
184
i8é
187
186
186

.185

18é

.186

i88

.188

ies

.189
.1e8
189

ies

.188
.188
.188
. 190
.190

190

.190
.190
.191
.191
198
-193

HUM

4

FRACTION

0000000000000 LCOO00O0CO0CO0O00O0VDO00O0COCO0CCOCOO0ODDO0OCO0O0CQCO

191
192
19
193

.193

194

. 194

195

195

195
196
196

.196

197
197

497

198
199
198
199
199

. 199
199

200
200

. 200

200
201

201

201

201

202

.202

202
202

203

203

. 203
202
.204
204

204

. 204
205
205
.205
205

206&

.206

206

HUM

S

FRACTION

CO0O0CC000O0O0O0CO0000O0COCO0OO0O0O0CO0O2000CODCO00OC0OCCODCOO0O0CCQCCO

187
188
i88
189
189
190
190

190

191
191
i92
192
192

192
. 193
. 4983
. 198
.194
.194

194

.194

195

.195

195
195
195
196

196
.196
197

197

497
397

198

.198
.198
198
.198
199
. 199
. 199
199
.199
. 200
. 200
.200
. 200

201
201

201

HLI™

é

FRACTION

CO00000000CO0COOO0OCL0O0U0O000O00C L0002 0000000000C00C00000O0

188
189

.190
190

190

. 191

191
i92
192
193
193
193

. 194
194
.194
. 199
. 198
. 193

196

.196
196
. 197
497
197
397

197

.198
.198

19%
199

.199
199

199
200
200

. 200
.200
. 201

. 201

.e01

. 201

.eoe
.02
.ao0e
.eoe
.a0e
203
.203
. 203
. 204

HUM

7

FRACTION

0020000000000 CO0DOC00CODOLCO00O00OCOO0LOO0OCODOCOCO00O0OCOCO

183
1683
184
184
185
184
185

.185

184
187

187

187
180
188
180

. 188

189

189

189

. 190

190
191
190
191
192

. 191

191
198
198
192
193
193
193
194
194
194
19%
194
194

. 19D

195
196
196
196
196
196
197
197
198

197

Az



SAMPLE DELTA
NUMBER MINS

51
a2
53
5a
55
56
97
58
Hve
&0
&1
62
63
&4
63
&6
&7
&8
&9
70
71
72
73
74
73
Té
TT
78
79
80
81
a2
83
a4q
85
86
a7
88
a9
90
21
4
93
94
L 2]
96
7

750
765
780
795
810
825
840
855
870
885
200
915
P30
Y45
960
975
90
1005
10290
1035
1050
1065
1080
1095
1110
1125
11490
1155
1170
1185
1200
ie1s
1230
1245
1260
1275
1290
1305
1320
1335
1350
1368
1380
1395
1410
1425
1440

VARIABLE TABLE

HUM 2 HUM 3
FRACTION FRACTION
0 200 0. 191
0.199 0.192
0 200 0. 193
0 _200 0 192
0.200 0 192
0 201 0. 193
0.201 0.193
0 201 0.192
0 201 0.193
0. 201 0 .34
0 202 0. 19«
0 202 0. 194
0. 202 0 193
0 202 0.195
0.203 0.194
0. 203 0.193
0.203 0.195
0 204 0.195
0.204 0. 196
0 204 0.196
0. 204 0.196
0 204 0 196
0.205 0 196
0.205 0. 196
0. 204 0.198
¢ 205 0.197
0. 205 0.197
0 .205 0.3197
0.205 0. 197
0. 206 0.197
0. .205 0.199
0 208 0 198
0. 206 0.197
0 20é 0. 199
0.206 0.199
0.207 0 198
0. 207 0.198
0.207 0.199
0.207 0.200
0.207 0.198
0. .208 0.201
0. 208 0. 199
0. 208 0.201
0. 208 0.201
0.208 0.199
0 209 0.200
0 208 0.200

HUM

FRaL .

OOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOO’DO

END OF TaBLE

SUMMARY (CONTINUED)

9 HUM S HUM é
JON FRACTION FRACTION
206 0. 201 0 204
206 0.201 0 204
207 0 201 0 204
206 0. 202 0 204
207 0 202 0 204
207 0 202 0.205
207 0.202 0.205
208 0. 202 0.205
208 0. 203 0. 205
~08 0 203 0. 205
208 0.203 0 .206
208 0. 203 0 206
208 0 204 0 206
. 209 0. 204 0.206
209 0. 204 0.206
209 0.204 0. 207
. 209 0 204 0. 207
209 0 205 0.207
.210 0.205 0.207
210 0.205 0.207
210 0.205 C 208
210 0.205 0.208
.210 0 205 0. 208
210 0. 206 0. 208
. 210 0.206 0. 208
211 0. 206 0. 208
el 0. 206 0.20%9
211 0 206 0. 209
218 0.207 0. 209
211 0.207 0 209
212 c. 207 0 209
212 n.807 0 209
s 0.207 0.210
212 0 207 0. 210
2ae 0. 208 0.210
213 0 208 0. 210
. 218 0. 208 0. 210
213 0. 208 0. 211
213 0. 208 0. 211
213 0. 208 0.211
. 213 0 209 0.211
213 0.209 0.211
214 0.209 0.R211
214 0. 209 0.211
214 0.209 0.212
.214 0. 209 0. 212
214 0.210 0.212

HLIM

7

FRACTION

OOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOO

198
198
198
199
199
198
199
199
200
200
19%
200
200
200
200
201
201
201

201

201
201

202
202
203
203
202
203
202
2O3
203
203
204
203
204
204
205
204
205
204
205
2045
205
206
205
20¢

. 205

206

A30



SAMPLE DELTA
TIMBER MINS

QN L RN

25
26
=7
28
29
30
31
32
33
34
as
36
a7
38
39
a0
4q1
Qa2

G4
a5
a6
a7

a9
50

0
15
30
a5
60
75
S0

105
120
135
150
165
180
195
210
229
240
255
270
285
300
315
330
345
360
375
390
Q05
4|20
435
450
465
480
a9%
510
525
540
555
570
585
600
615
630
645
660
&75
690
705
720
725

VARIABLE T&DLE SUMMARY

HUM 8 HUM 4
FRACTION FRACTION
0 207 0. 201
0 z08 0.201
0. 208 0. 201
0 208 0 202
0. 208 0 202
c . 209 0 202
c 209 0. 202
0 209 0 203
0. 209 0.203
0.210 0.203
0.210 0. 203
0.211 0 204
0. 211 0. 204
0.23%3 0. 204
0.211 0.204
0.p1 0.205
o212 0.205
0 212 0 .205
0. 213 0.205
0.212 0 206
0.213 0.206
0.213 0 2926
0.213 0.206
0.213 0 206
0 214 0.207
0. 214 0 . 207
0. 214 0 207
0. 214 0.207
0. 214 0 207
0.215 0 208
0.215 0 208
0. 215 0. 208
0.215 0 208
0.215 0 208
0.216 0 209
0.216 0. 209
0.216 0.209
0.216 0.209
0.217 0.209
0.217 0.210
0.217 0.209
0. 217 0.210
0.8L,7 0.210
0 218 0. 210
0. 218 0.211
0. 218 0.211
0.218 0. 211
0.218 0. 211
0. 218 0.R11
0.218 0.211

HUM

10

FRACTION

OOOOOOOu°°OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

206

206
206
207
207

.207
. 207

208
208
208
208

208

208
209
209

.09
209

210

209
210
210

210

210
.11

231

211

211

g B
211

211

218

212

212
* ¢ ¢
213
. B19
213
214
.213
214
.214
214
.e14
214
214
. 2198

215

213
2195
. 213

A3l



SAMPLE DELTA
UJMBER MINS

51
52
a3
54q
59
56
I
S8
o9
&0
61
A2
63
&4
&5
656
&7
&8
&9
70
71
72
T3
T4
s
76
\ T7
78
79
80
81
az
83
eq
835
86
87
88
89
90
91
2
93
94
95
96
7

750
765
780
795
810
825
840
855
B70
885
P00
P15
930
945
760
7S
990
1005
1020
1035
1050
1065
1080
1095
1110
1125
1140
1155
1170
1185
1200
1215
1230
1245
1260
1275
1290
1305
1320
1333
1350
1365
1380
1395
1410
1425
1440

HUM

FRACTION

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

218
219

LY
219

219

219

219
220

fadeTa)
e

220
220
220
221
823

2nl

221
221

.ee1

ezea
2e2
2ee

. 222

eaz
aep
223
223

.e23
. 223
. ee3

223
eg4
223

.224
224

2e4

VARIABLE TABLE SLAMARY

HUM

9

FRACTION

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

218

212
212

218
. 218
213
.e13
.213
218

213
218
213
213
214

.214
214
.214

214
215
219
215
215
215
215
213
216
e21é
216

216

216
216

. B3y
217
.e17
237
21T
LT
217
218
.eie
.a18
.a218
.e1e
.218
.218
218
219

HUM

10

FRACTION

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

2195

215
216
216
216

.216é
216

216

216

217

% & 4

217
217
217
217
217y
217

218

218
218
218
218

.218

21is

.e18

219

. 2319
239
. 219

219

. 219
219

219
a20

.ea0

220

220

220

.220

220

N 4
2e1
.ee1

221

281
.21
g

END OF TaABLE

(CONTINUED)

A3






A3a

LOUISIANA POWER & LIGHT COMPANY
WATERFORD SES UNIT NO. 3

CONTAINMENT INTEGRATED LEAKAGFE RATE TEST
SUPPLEMENTAL VERIFICATION TEST

LEAKACE RATE MEASURED USING THE ABSCLUTE METHOD

LEAKAGE RATE COMPUTED USING THE MASS POINT METHOD

TEST PERIOD STARTED AT 15 HOURS ON APRIL 29, 1983
TEST CONDUCTED FOR 4. 25 HOURS

FREE SPACE VOLUME OF CONTAINMENT IS 2677000 CU FT
CONTAINMENTY WAS PRESSURIZED TO 37 51 PSIA

INITIAL VERIFICATION AIR WEIGHT 492700.8 LBS
FINAL VERIFICATION AIR WEIGHT 4923642 2 LBS
FITTED MASS POINT LEAKAGE RATE IS 0 356 % PER DAY
LC = 0. 356 LTHM = 0. 0022 LO = 0. 3626

LO -4+ LTH - 23T T LC < LO + LTM 4+ .25LY

0.3626 +40.0022 ~0 0885 < 0.356 < 0.3626+ 0.0022+ 0.08B8S

0.2763 < 0.356 < 0. 4533

L.C =REDUCED PRESSURE FITTED CLRT MASS PODINT LEAKAGE RATE
LTM =REDUCED PRESSURE FITTED ILRT ™MASS POINT LEAKAGE RATE
LO =SUPERIMPOSED LEAKAGE DURING VERIFICATION TCST

LT =CONTAINMENT DESICN LEAKAGE RATE FOR REDUCED PRESSURE



AVG . TEM

AVE  PRE
vVaPk PRE

LEAK SIM
LEAK MAS

AIR MASS

A35
DESCRIPTION OF VARIABLES

CONTAINMENT MEAN TEMPERATURE CALCULATED

FROM VOLUMETRICALLY WEIGHTED RTD SENSOR INDICATIONS
PRIMARY CONTAINMENT PRESSURE INDICATION
CONTAINMENT VAPOR PRESSURE CALCULATED

FROM VOLUMETRICALLY WEIGHTED RHD SENSOR INDICATIONS
SIMPLE TOTAL TIME LEAKAGE RATE.

LEAKAGE RATE COMPUTED FROM FIRST ORDER

REGRESSION OF AIR MASS DATA.

CONTAINMENT AIR MASS.

NOTE FOR TABULAR DATA -
TABLE VALUES OF ZERDO SIGNIFY DATA IS
NOT APPLICABLE TO THE CALCULATION

NOTE FOR CURVES -

3.

e

TOP ABSCISSA SCALE REPRESENTS SAMPLE NUMBERS .

AIR MASS IS THE CALCULATED CONTAINMENT AIR

MASS AND FITTED AIR MASS IS THE LINEAR LEAST

SQUARE FIT OF THE AIR MASSES.

SIMPLE MASS POINT IS THE TOTAL TIME LEAKAGE

RATE AND FITTED MASS POINT IS THE LEAKAGE RATE
COMPUTED FROM FIRST ORDER RECRESSION OF AIR MASS DATA
UCL IS THE UPPER LIMIT OF THE 95%

CONF IDENCE LEVEL OF AIR MASS DATA.



(LBS)

CONTRINMENT RIR MASS

492850.

432730.

492610.

4324S0.

492370.

4352250.

EBRASCU SERVICES INCUKRPORHIED

it ADTIEI. o, PRI - 2 S, i TR il
1 CONTARINMENT AIR MASSES

® ® JIR MASS
= = FITTLD AIR MQSS

b e

DRANING COME 37 IBASCE 0RAPNIC PLATTER PRECRAR W0 .2827

1 by
l\
| e
S
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| =
1 R
!
|
|
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C. 60. 120 160. 240. 300. 360. 420.
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PER CENT PER DRY BY WEIGHT

2.0000

1.6000

1.2000

0.8000

0.4000

0.0000

EBQSCO SERVICES INCURPORHIED

‘! .__. - L-_.-,_-_.E;L.__. M sl .L - - - llJ : 5 1 .___..._liz A.._.‘_,..l - ‘2 lA ’ ! — _is ) ;ig :
1 COMPUTED LERK RATES
’ m ® SIEPLE MASS POINT LLAXK RATE 3
_ » = FITTLD FASS POINT (EAK RATE g
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8
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™
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PER CENT PER DAY BY WEIGHT

1.4.60

1.1750

0.9220

0.6690

C.4160

0.1630

EBHSCU SERvVICES INCuxPDRHIED

l- :\,o \j- IJ- 17. lo 'IC.
a3 i 1 ) L PRI SRR SEURR s R PR e

1 COMPUTED LEAK RATES RELATIVE TO LIMITS
| » = FITTLD CLR™ P3SS OINT [LACACE R4TE

| X MAXIMUM ACCEPTRBLE

i v MINIMUM RCCEPTRBLE

x
Y

jS.

™~ AvTEY

ARKNTNR HONE RY FARES® agaw.  ~

T YT Al T a2 A2 T rENITIT~

T
4200



AHRENHE I

R

N D

EHSCO SERvICES iNCUnrORmicD

- _.‘L,____J - \jl l..,- ! 11,. i!:_.,i_ '1"__.1.___:'19
8941%’1V0LUMETRICRLLY WEIGHTED CONTQINMENT TEMPERATURE
i g
$
| l
88.3900 g
i /N 5
{ i
88.3700 g
\/ ‘
:
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SAMPLE DELTA
UMBER MINS

0
15
30
a5
&0
75
S0

105
120
135
150
165
180
195
210
22%
240
255

AVG
DEG

a8
88

88 .
88 .
. 832

TEM

F
374
382
7L
368
357
asa
ge2
350
ase
343
336
335

3z9

. 326
.330

315

.12

VARIABLE TABLE SUMMARY

AVG. PRE VAP, PRE
PSIA PSIa
37 .5140 0.1404
37 .5129 0.1405
37 .5057 C. 1406
37 5038 0 1406
37 5083 0.1407
37 Q995 0. 1408
37 5029 0. 1409
37 .5008 0. 1410
37 4986 0.1409
37 4976 0. 1412
37 4959 0.1412
37 4944 0. 1412
37 . 4930 0. 1414
37 .4a911 0.1413
37 . 4894 0. 1413
37 aeges 0.1415
37 486z 0.1415
37 4853 0.1416

END OF TABLE

LEAK

SIM

PER CENT

OCO0OCO0O0ODO0OO0OTOOO0OCOO*OO

000
a53

.118

B64

312
. 687
Q63
. []7
461
430
. |20

413

. 410
.q11
. 407
L Q02
.400

a88

LEAK

MAS

PER CENT

COO00000VDOO0O00CO0O0O00OOO

000
000
113

955
463
. 569

aQres
Q2é

.ailez
.ave

are

. 370
. 364
.63

361

L840
. 359

256

AIR M&SS
POUNDS
qa92701
qQvaaTH
492587
qQeNH68
a92697
aQeenHeas
Q92558
q925H40
a92512
avash02
qA92485
Qe d6e7
QP2 446
Q92476
492408
492391
492372
Q262

Alz



S

(!

AMPLE DELTA
NUIMBER MINS

L¢]
15
30
a5
60
75
90

105
120
135
150
165
180
195
210
225
240
255

TEMP
DEG

88
88

88
88

EEEL R

88

88
998
992

87
a7

1

F
069
058
075
064
oa7
036
053
03é

025

036
020
014
031
oz20
020
oz20

TEMP
DEG .
88
e88

a8
a8
a8a
87
88
88
88
87

VARIABLE TABLE
2 TEMP

F DEG.
073 a8
04aé 88
078 88
oéz2 88
057 88
04é a8
106 a8
051 88
vao 88
057 a8
046 88
008 88
997 868
051 88
.oo8 88
04é 88
986 a8
.oo8 a8

END OF TABLE

SUMMARY

s TEMP

F DEG
102 88
096 88
091 a8
091 88
074 a8
080 88 .
102 88
063 88
058 88 .
069 88
. 036 886 .
. 053 BE .
025 86 .
04a7 88
. 058 88 .
. 042 88 .
020 88
.00% 88

a

¢
i84
190
184
184
184
173
173
162
162
157
140
157
140
146
133
140
118
118

TEMP
DEG

28388

88
a6 .

ag

88 .
88 .
118
88 .

S
F

L1468

195
195

.184

151
184
190
146
151
157
162
124
151
146
135
140

135

TEMP

DEG
80
88
88
88
218

88
(218)
88
13

838 .

(212)

88
88
8t
88

&ta
599
566
H60

. &D2
=158

4qra
440
539
495
506
429
a49%5
585
a54
H60
555
$38
sa2

AazD



SAMPLE
| IMBER

DELTA
MINS

0

15

30

a5

&0

75

S0

105

120

185

150

165

180

195

210

a25

240

255

TEMP

DEG
a7
87
a7

87
87
87
87
87
87
87
87
a7
87
87

87 .

87
87

r 4
F
933
954

o2
87 .
911
. 905
. 933

922

889

. 894
. 894
905

P11
889

900

873
P05
878
845

VARIABLE TABLE

TEMP
DEG .
88
88

86 .
88 .
88 .
88 .

88
88

28

88

88
88
868

8

¥
i11
133
106
127
127
095
111
o84
089
095
073
068
oé2
073
068
oB4
051
o6z

TEMP
DEG

88
a7
88
87
88
87
87
87
87

87.

a7
87
87

a7.

a7

ar7.

87

END OF TABLE

SUMMARY

9 TEMP

F  DEG
o012 88
034 88
990 =15}
001 88
968 88
001 a8
990 88
. 968 88
. 990 86
P68 a8
79 88
957 88
P63 88
957 a8
957 88
. 987 88
924 =12
. 952 a8

10

360
43é

.a92

ai14

. Q03

Q09

. 403

403
414

. 343
. 381
.92
. 431

403

Q409
343

.ase

TEMP
DEG

a8
a8

a8 .

11

203
a25e
214
246
154
214
192
203
181
203
154
176
176
181
1460

27
.3111
88 .

ise

TEMP

DEG
B8e
88
a8
88
86
86
88
a8
88

88 .

88
88
80
o8
87
8e
a8
a7

ig

07z
105
121
088
001
077
(015 18]
007
045
007
061
023
039

. 034

285
056
061
PTY

AQ4



SAMPLE DELTA
UMBER MINS

CEND>OUOLHQR -

0
15
30
a5
60
75
S0

105
120
135
150
165
180
195
210
22%
240
255

TEMP
DEG .
88
88
88
88
88
88
8e
88

88
a8

i3
F
249

266

266
249
239
228
239

. ;&g

ase
206
233
217
217
195
200
i84
1864
184

VARIABLE TABLE

TEMP

DEG
88
a7

88 .
87.
87.
. 992
980

87
a7
e7
87
a7
87
87
87
87
87
87
87
87

14
4
014
998
003
87
P71

987

. 954

P65

973

P65
965

. 954
. 938
927
B

P16

TEMP

DEG
88
88
88
88

a8

END OF TABLE

SUMMARY
15 TEMP
F  DEG
24z 88 .
236 515
.231 a8
203 88
198 a8
209 a8
209 88 .
209 88 .
181 88
i92 B8
165 88 .
176 88
139 88
176 88 .
137 a8
170 88
154 88
143 88

16

240
268
235
249

237

229
24946
213
235
262
240
251

207

246
191
268
196
185

TEMP

DEG
a7
87
87
a7

a87.

87
67
a7

87.

87
87
87
87

a7
\87
87
87

17

89e
897
B70
875
864
870
859
870
a4a8
859

864

859

. 853
87 .

837
820
B20
842
837

TCMP
DEG
90

90 .

0
90
90
90
90
0
90
90
90
90
0
90
90
0

90

16
.
088
094
099
033
077
077
ore
ore
077
055
061
0&é&
Or7
072
061

061
90 .

055
044

A4an



SAMPLE DELTA
PIMBER  MINS

0
15
30
a5
60
75
0

105
120
135
150
165
180
195
210
225
240
255

TEMP

87
87

87
87
87
87
87

87.
955
. 950
. 934
. 950
. 934
87.
. 945
.917

87
87
a7
87
87

87
87
87

19

. 983
. 988
88 .

010
955

. 966
. 961

P61

961

39

912

923

VARIABLE TABLE

TEMP
DEG

g2
92

Y2
2
b
2
o2
Y2
ez

92.
.800
92 .
2.

2

ez

Y.
92 .
B

92

20
F
817
are
806

. 806

811
806

.800
.80é&

B0Oé6
795

800
795
795
789
784
784
784

TEMP
DEG

a8
88
88
88
88

88

SUMMARY

21
F
260
266
260
244

244
2@
88

255
249
238
233
211
238
211

88 205
88 . 244
88
88
88

216

.189

178

END OF TABLE

TEMP
DEG .
88

88
a8
88

88 .
88 .
88 .
a8 .
88 .
317
.233

a8
88
88
88
88

a2

377
a9
are
arv
ar7e

. 355
88 .

61

366

350
366
339
3399
339

aze

. e

293

23

458
425

.aq7
.A430
. ABé
.381
.370
. 436
386
.870
. 364
. 364
897
- a64
.a2s
897
. 873
. 359

TEMP

DEG
a89
BY
89
a9
89
a9
a9
89
a9

8y .

89

89 .
av.
B89 .
87 .
89.

89
89

24

569

D63

536
541
9525
547

. 874

519
547
H30
514
503
4q70
541
a9
AE 1
470
492



Aq7
VARIABLE TABLE SUMMARY

SAMPLE DELTA TEMP 25 TEMP 26 TEMP 27 TEMP 28 TEMP 29 TEMP 30

JMBER MINS DEG . F  DEG. F  DEG F  DEG. F DEG F DEG F
1 0 88 371 €68 . 136 88 . 234 88 226 88.141 88 130
2 15 88 3298 88 184 88 289 88 . 199 86 .136 88 152
3 30 88 382 88 195 86 .272 88 182 88 190 88 130
4 a5 88 387 88 157 B8 267 88 . 182 88 103 88 168
S &0 88 . 382 88 . 163 88 261 88 193 88 097 86 141
& 75 868 354 88 106 88 234 88 177 88 097 Be 119
' 4 90 88 365 88 . 168 88 239 88 193 688 081 BB . 136
a8 105 88 343 88 119 88 267 88 . 138 88 . 092 88 097
9 120 88 354 88 136 88 . 195 88 . 182 88 086 8B 1H7

10 135 88 343 88 . 098 88 206 88 193 88 081 88 . 130
' 5 | 150 88 327 88.125 88 151 88 144 88 097 a8 1346
i 165 88 349 88 103 88 178 88 . 160 88 081 88 . 141
13 180 88 316 88 119 88 . 162 88 177 88 070 88 097
14 195 88 316 88 119 88 .156 88 155 88 054 B8 092
15 210 88 294 88 108 88 156 88 127 88 097 88 . 125
16 225 88 332 88 103 88 . 145 88 149 88 065 88 103
- & g 240 88 305 88.076 88 167 88 133 88 . 075 88 114
i8 255 88 316 88 . 125 88 184 88 127 88 . 032 88 092

END OF TABLE



SAMPLE DELTA

UMBER

MINS

0
15
30
45
&0
75
90
105
120
135
150
165
180
195
210
225
240

255

TEMP

a1

.79
346
. 384

324
303
3&2
319
3&2
368
319
313

.308

264

.e81

313
286
308

VARIABLE TABLE

TEMP
DEG

a8
B8 .
88 .
88 .
686 .
B8 .
a8
.31
.258
88 .
88 .

a2
-
291
334
302
307
269
318
285
274
3a9
263
263
285
231

242
280
269

TEMP
DEG .

88
88
a8

=12
88
88
a8
88
a8
88
88

SUMMARY
33 TEMP
F  DEG
217 a8
217 86
189 a8
184 88
178 88
189 88
189 88 .
173 88
189 88 .
178 88
167 88 .
162 88
156 88 .
140 88
151 a8
140 88
156 88
140 88

END OF TABLE

34

200

. 200
.173

189
151
173
195
167
i7e
135
173
140
102

.151

135

129
.A89
. 139

TEMP
DEG .

88 .
. 996

CRERRRE020ER038835

35

662

&78

. 634
623

&45

. 580

&13
&23
553

. &07

&02
596
&34
542

. 585
. 391
591

TEMP
DEG
88

88
a8
88
88
88
88
a8

18]
a8
88
88
80
B8
88

36

29
235
207
191

191

207
191

196
191

16%
185
152
180
152
158
158
14l

163

A4QB



saMPLE DELTA
JMBER MINS

SOoNOLULHWR=

0
15
30
a5
60
75
90

105
120
135
150
165
180
195
210
2%
240
255

TEMP

88 .

a8 .

88
B8
87
87
87
87
a7

a7
F
063
o4z
0osse
oar
036
031
02s

020

020
o20
020
020
003

. 992

998
998
992
F81

VARIABLE TABLE

TEMP

DEG
87
a7
87
87
a7
87
87
87
87
a7
a7
87

87 .
854

87
87
87
87
87

38
F

.09

09

.898

893
882
871
aae

882
871

876
843
849
84a9

849

.84ae

838
833

TEMP
DEG
88

B8
88 .

88

283338

END OF TABLE

SUMMARY
39 TEMP
F DEG
535 a7
3193 87
sS29 87
513 a7
507 87
a9V & 87
s02 88
491 a8
. A64 886 .
Q69 88
a91 88
464 a8
464 a8
507 88
- as8 88
aBé 88
Q58 88
aAB & se

a0

875

B65
ars
870

859

B6S
198
165
154
132
121
110
099

094
099

088
083
078

a7
a7
a7
37
a7

HUM 1
FRACTION
211
211
211
2313
a1
@11
a1
212
212
212
218
2138
213
RL1e
213
213
213
213

cocoocoCcoOoOOCOOQOQCO

AAY



SAMPLE DELTA
UMBER MINS

1 0

2 18

3 30
<1 a5

S &0

[ 75

7 90
=] 105

4 120
10 135
11 150
12 165
i3 180
14 195
193 210
16 a8
17 240
i8 255

HUM

2

FRACTION

o0 CQCO0O0CO0O0C0DO0OD0COCO0CCC

.210
.210

211
211
211
211
211

211

211
211

21R

211

218

eie

212

212

218
218

VARTABLE

HUM

b

FRACTION

CO00OO0OO0OCOCOCOO0OCOODOO

202

202
202
203

. 202

202
202

.203

202

.e04

204
203
205

.204
203
.204
.eo4a
. 205

TABLE SUMMARY

HUM

a

FRACTION

Q0000000000000 COOO

216
216

216

216
21é
216
216

217

216
217

217

217

21T

217

217
.218
218
218

END OF TABLE

HUM

5

FRACTION

OO0 CO0OO0OCOCOCOOO0OCOO0OO0COO00O

B13

211
211

211

211

.e11

212
212

212
e12
212
213
.213
213
. 218
. 213
. 213
213

HUM

&

FRACTION

SO0 COCOOO0OCO0O000O0OO0000Q

13

213

219
.214
214
.e14
.214
214

214

214
214
. 215

215

.21%

215

215
.e15
216

HUM

7

FRACTION

CO0COoO0OOLO0OO00CCTCOOCOCOOO0

208
207

. 208

207

207

208
208

208

208
209
208
208

208

209

. 209
209
209
. 209

AS0



- SAMPLE DELTA
 CUMBER  MINS

0
15
30
an
&0
75
0

105
120
135
150
165
180
195
210
225
240
2355

VARIABLE TABLE SUMMARY

HUM 8 HUM 6 4
FRACTION FRACTION
0 . 227 0. 220
0 227 0.220
0 227 0. 220
0 287 0 220
0 227 0 220
0 228 0 220
0.228 0 220
0 228 0. 221
0. 228 0.221
0. 228 0. .221
0 228 0. 221
0 228 0. 281
0 228 0.221
0 228 0 221
0.289 0. 221
0 229 0 2e2
0.2289 0. 222
0 .229 0 .2a82

HLIM

10

FRACTION

0O0CO0O0CO0C000COCO0QQ00C

223

age
229
223
ea’a
223
223
aas
223
agza

. 224

224

224
.eeq

224
2e4q

.ee4

224/

END OF TABLE

ALl
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TEMPERATURE STABILIZATION
STARTED AT 1400 HOURS ON APRIL 29, 1983
CONDUCTED FOR 4 00 HOURS

=) B C o £

1400 98 468
1415 93 169
1430 92 956
14945 92 775
1500 92 633
1515 92 506
1530 92 382
1545 92 277
1600 92 165
1615 92 069
1630 91 .976
1645 91 888
1700 91 807
1715 91 726
1730 91 654
1745 91 578
1800 91 . %12 0. 489 0.29%5 0. 194

A = TIME OF DAY IN MILITARY STANDARD

B = AVERAGE CONTAINMENT TEMPERATURE F

0
L]

AVERAGE DIFFERENCE IN TEMP OQUER LAST 4 HOURS

D = AVERAGE DIFFERENCE IN TEMP. OVER LAST 1 HOUR

E=C~-0




95.20

94 .40

93.60

92.80

92.00

91.20

EBASCO SERVICES INCORPORATED
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14.00 15.00 16.00

T YTMmr
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1 1
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|
1

17.00

18.00

. b o o W R
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9.00

20.00
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21.00
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1 !

LOUISIANA POWER & LIGHT COMPANY
WATERFORD SES UNIT NO. 3

CONTAINMENT INTEGRATED LEAKAGE RATE TEST
LEAKAGE RATE MEASURED USING THE ABSOLUTE METHOD
LEAKAGE RATE COMPUTED USING THE MASS POINT METHOD

TEST PERIOD STARTED AT 1800 HOURS ON APRIL 29, 1983
TEST CONDUCTED FOR 24 00 HOURS

FREE SPACE VOLUME OF CONTAINMENT IS 2677000 CU FT
CONTAINMENT WAS PRESSURIZED TO &0 .93 PSIA

INITIAL CONTAINMENT AIR WEIGHT 796185 .0 LES

FINAL CONTAINMENT AIR WEICHT 795731 7 LBS

FITTED MASS POINT LEAKAGE RATE IS 0 0664 % PER DAY
UPPER LIMIT OF 95% CONFIDENCE LEVEL IS 0 068 % PER DAY
NRC MAXIMUM ALLOWABLE LEAKAGE RATE IS 0 375 % PER DAY



DESCRIPTION OF VARIABLES

AVUG  TEM -~ CONTAINMENT MEAN TEMPERATURE CALCULATED

FROM VOLUMETRICALLY WEIGHTED RTD SENSOR INDICATIONS
AVE . PRE - PRIMARY CONTAINMENT PRESSURE INDICATION.
VAP PRE - CONTAINMENT VAPDR PRESSURT CALCULATED

FROM VOLUMETRICALLY WEIGH.ED RHD SENSOR INDICATIONS
LEAK SIM - SIMPLE TOTAL TIME LEAKAGE RATE .
LEAK MAS - LEAKAGE RATE COMPUTED FROM FIRST ORDER

REGCRESSION OF AIR MASS DATA
AIR MASS ~ CONTAINMENT AIR MASS .

NOTE FOR TABULAR DATA -
TABLE VALUES OF ZERO SIGNIFY DATA IS
NOT APPLICABLE TO THE CALCULATION.

NOTE FOR CURVES -~
1. TOP ABSCISSA SCALE REPRESENTS SAMPLE NUMBERS .
2. AIR MASS IS THE CALCULATED CONTAINMENT AIR
MASS AND FITTED AIR MASS IS THE LINEAR LEAST
SGUARE FI1IT OF THE AIR MASSES.
8 SIMPLE MASS POINT IS THE TOTAL TIME LEAKAGE
RATE AND FITTED MASS POINT IS THE LEAKAGE RATE
COMPUTED FROM FIRST ORDER REGRESSION OF AIR MASS DATA
4. UCL IS THE UPPER LIMIT OF THE 95%
CONF IDENCE LEVEL OF AIR MASS DATA.



(LBS)

CONTRINMENT RIR MRSS

796600 .

796400 .-

796200.

796000 -

795800 .

795600 -
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EBHSCO StRVILES INCOr~ORKH'tD

s 17 33. 49 . rE. 81 . gy7. 113.
]1_.__~.1__-- K - e | 1 e O SRR TR T 1 1 1
0.5400 ] COMPUTED LEAK RATES
T ’ ® ®  CIFPLE MASS POINT L LAK RATE -
= ’ » = FITTED MQSS POINT 1 EA4 R9TL ;
p ~4 I -
o
2 !
0.3400 7
— s
0 e
T ;
& 0.1400 ;
o =
L g
- £
-0.0600 | [ i
i
bon
‘002600 N
-
|
-0.4600 *— e 1 ] 4 %

0. 240. 480. 720. 60. 1200. 1440. 1680.



PER CENT PER DAY BY WEIGHT

1.3000

1.0000

0.7000

0.4000

0.1000

EBRSCO SERVILES INCORFORHIED

 CPTI, La PN TN -l

44, £ES . B1i. 97.
- |

il m_,,”_AJmN._._,jlﬂﬁw S SLL W R

T COMPUTED LEAK RATES RELATIVE TO LIMITS

X « n»
X <« 3w

FITTEC FQSS PCINT | EAA RATL

Q5% CONF IPENCE LINMIT (UCL,

DESIGN BASIS LERKAGE RATE

NRC MAXIMUM ALLOWRBLE LEAKAGE RATE

CAANING DONE BY EBANCY ORRPWIC PLATTER PROGRAA WO .21527

720. 560. 1200. 440.

- P s Y T B & T AR b o ant o

T
1680.



EBASCO SERVICES INCORPORH!ED

}‘ \7- . 33. = 4.  @.  &@.  97. = 113
92.8000 VOLUMETRICRLLY NEIGHTED CONTRINMENT TENPERFITURE'

.i il = 3

i %

92.0000 i
8
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91.2000 - g
!S

H

2

90.4000 - £

89.6000 T \

A8 . ‘*’“““ FLI S of
88 .8000 240. 480. 720. 960 . 1200. 1440. 1680.




EoHSCO SERVILES INCOnrORwicD : -

ll_.-*__z____ 117. o 33. X 19. . 615. ) F!Ll. ) %7. oy 1113.
61.0400 ° AVERAGE CONTRINMENT PRESSURE
I :
i IEEE ]
60.9600 l
B
2
;
60.8800 i
-
i
g
60.8000 - :
60.7200
L
60.6400 -+ v " 1
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.2020

.2000

-18980

- 1960
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SAMPLE DELTA
UMBER MINS

0
15
30
Q45
60
75
<0

105
120
135
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VARIABLE TABLE SUMMARY
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796185
796223
796217
7961684
796215
T94H21S
796201
TR6200
796204
796207
726195
7962200
TRE1I9T
TRG6LTY
796173
796213
796160
796164
796167
796159
796150
796151
796156
796143
TR61HE
796141
TP4&126
796101
796112
796110
796103
TR6086
796094
796061
T6054
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TR&03I7
796009
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SAMPLE DELTA
JMBER MINS
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960
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