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II.

URPCSE AlD SCOPE

The Americarn Nuclear Society (wlS) Standard (Ref. 1) specifies uni-
form methods for determining the ability of & reactor containment
structure to retain, within the limits of permisssble leakage rates,
any hazardous air and water vepor. The purpose of this document is

tc describe the absolute and reference volume methods to be implezented
at PASKY - Fitzpatrick, and the on-line computer programs installed to
condition the data, perform the calculations, &nd control the output.

Leaknge rates are reported as the percentage by weight of the original
content of air at the leakage rate test pressure that escapes to the
cutside etmosphere during a 24-hour test pericd. A L-hour initiel wait-
ing pericd will be allowed before the commencement of the test to allov
temperature and pressure to come to equilibrium. '

A manually operated nitrogen bleed system provides a means for inéuring
a positive pressure at all times within the containment.

ABSOLUTE METHOD

‘The sbsclute method of leakage-rate testing consists of the determination
and calculation of air losses by containment structure leskage over

2l hours by means of direct pressure, tempersture, and moisture content
observations during the period of test, with the temperature detectors
properly located to provide en average air temperature. It is assumed
that temperature variations during the test will be insignificant. The
absolute test consists of subtracting the final mass in the containment
from the initiel mass, computing the masses by the ideal gas law.

The containment mass is computed as follows via the perfect gas law:

M= (P-Pv) V = 1L,606 (1LL) P-Pv)V
RT 29.92 RT

where the rightmost identity has the units:

M = 1b gas

P (total pressure) - inches Hg

Pv (vapor pressure - inches Hg

R = 53.35 ft;1bf / 1bm®F (for air)
T = containment temp °R

The leakage rate i& then determined by plotting the mass as & function
of time, using a least squares fit to determine the slope, dM/dt. The
leak rate is expressed as fraction of contained mass lost per 2L hours

or symbolically:

(1) Len.k rate = dM/dt ® 2k, * 100,
Mo
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when t is elapsed time expressed in hours and Mo is the containment
mass atl tinme zero., The sign convention is such that an outward

leak is poceitive., The mass of eir must be corrected for the nitrogen
added ty the manually cperated bleed system which insures a positive
centainment pressure. The ritrogen reter is 2 flow totalizer; thus,

the weight of nitrogen added may be computed and subtracted from the
containrent mess es calculeted zbove. lote: Corments concerning Il
bleed refer only to continuous monitoring of leak rate when plant is
fully operestionel.

REFERENCE VESSEL METHOD

The reference vessel method consists of the calculation of air losses
by cbservaticns of the pressure differentials between the containrernt
structure and a gas-tight reference system loce ed so as to represent
the average temperaturc of the aggregate containment eir, That is,
the reference vessels are SO placed and are of such a geometry that
they will assume the temperatures of the contained atmogphere within
& time lag compatible to the frequency of date taking.

The reference volume-measurement test differs from the ebsolute test
Primarily in that the mass at a given instant is corputed by a differ-
ential leek rate rather than by use of the ideal gas law. Thet is,

(2) M=M, 1.-1' ¢
24,
where L' is the differential leak rate (fraction of centained mass
lost/nr.)

Again, mass is plotted as a function of time, the slope is determined
by a least squares fit and the 24 hour leak rate is determined by
equation (1) above. In equation (2), the initial mass Mo is computed
by the ideel gas law.

Derived in Appendix A, the differential leak rate is:

To o B
L'=24, 1 AFg = - AP - (P

i .
t TP, = Py) T v 3

-
where the subscripts indicate:

R

-

R = reference

0 = initial

and

P = pressure differential in 520
t = elapsed time, hrs
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The refevence volume method (Eq ‘ation (2) is used to achieve more
accuracy i:Tis:er:ini:g M. The containrents are very large (order of
100,000 £+ =) which casts doubt on terperature and pressure Deasurements,
This doubdbt is ccnsiderably lessened by the inclusion of g reference

voluma cp container within the main containment. Rather than use ebsolute
Pressure, the differentia) Pressure between reference volume and containe
ment is messured instead, The error in temperature measurement by the

temperature detectors is of much less effect because the reference systen
temperature follows that of the containment,

CORRELATION OF RESULTS

In the Fitzpatrick Plant, two containments exist: torus (or suprression
chazber) end dry well (or dulb), The masses for each containment are
coxputed Separately, addeg together, and *the resul+ correlated as g
function of tize by meens of & least squares curve fit of form:

The slope, d(mass)/d(hours) is then used in equation (1) to determine
the leak rate, Thus, the least Squares fit ig eéxecuted only for the
total mass ip both containments, i.e. the masses of air in the torus
and dry well aye Summed and-the result fitted against time, If desired,
the computer Program may be easily modified to fit each containment
singly and Separately, Two Separate fits &re required: One for each
of two basie nethods, ebsolute ang reference volume,

The least Square fits, as described above, use all e&vailable dats up
to and including, but not Preceding, the Prior 24 hours, where results
are computed hourly, Thus, the number of points fitted will never
exceed 25 (without operator intervention)., s & result, the 24 nr
leak rate shouwlg become more accurate as time Progresses uwp to 2L hr,

A 95 percent "Student T" confidence level is &ssociated with each hourly
leak rate computation. The leak rate (in percent mass loss per 2L hr)

nay be describea &8s 95 percen: accurate to within the value of the printed
confidence level, ' ,

The leak rate testing Package is divided into two Separately
executable parts, the first being the computations themselves,

8s outlined above. Thig program is executed once each hour as
determined by the real time clock of the GEpac Process control
computer. The other pPart of ‘the Package consists of real time
pPrograms executed at 1ntervqls of 1 minute, 10 minutes, and 1 howr
which scan the analog inputa and perform the signal conditioning
necessary to store the necessary engineering reading into the COMm~
pPuter memory, These readings must be used by the main leek rate
Program, and therefore showlg be as up-to-date as Possible when the
ILRT program is executed, Ip Particular, analog readings from the
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Beckman MAZ-870 moisture analyzer require a 5 minute cvycle to assemble

the necessarv readines. An analvzer routine must ctherefore be executed

]

5.5 to 5.0 rinutes prior to tha execution of the TLRT progran.

V. EOUIPMENT

Temnerature Sensors:
A total of 18 RTD's are nrovided as follows:

16-1-RTD 113 and 16-1-RTD 114 are located in the torus and the
remainine 16 in the drv bulb. All RTD'S are arranred in pairs to
provide an average temperature for each arbitrarily assiecned zone
of containment volume. Zones 0-7 are located in the dry bulb and
Zone 8 in the torus. Each RTD pair is averaced: the resulting
averages are multiplied bv a volume weichting factor assipned as
the fraction of total volume reoresented by each zone. The two
containments, dry well and torus, are handled separately in the
program, that is, the mass of air in each of the containments

is computed individually.

16-1-RTD Zone Weight factor
Suppression chamber (torus) |
113 8 (Torus) - 1.0
114

Dry well (Bulb)

101 0 (Vent Header) 0.1133
120

102 1 (Dry Well) 0.1652
119

103 2 (Dry Well) G.3560
104 . ‘

105 3 (Dry Yell) | 0.1313
106

107 4 (Dry Well) 0.0470
108 R

109 5 (Dry Well) 0.0534
117 '

110 6 (Dry Well) 0.0715
111

112 7 (Dry Well) 0.0621
118 WL
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INSTRUMENT
SuSaonts

16-1-FI-103

16-1-FI-101

16-1-RTD-113
16-1-RTD-114
16-1-RTD-101
16=1-ETD-120
16-1-RTD-102
16-1-ETD-119
16-1-RTD-103
16-1-RTD-104
16-1-RTD-105
16-1-27D-106
16-1-ETD-107
16-1-RTD-108
16~1-RTD-109
16-1-RTD-117
16-1-RTD-110
16-1-RTD-111
16-1-RTD-112
16-1-RTD-118
LRT MOIST AZ
LRT MOIST AZ
16-1-MAZ-101

16-1-MAZ-102

BARCMETRIC
16-1-dPIT-102
16-1-¢PIT-101
16-1-FI-104
16-1-PI1-102

ILRT ARALOG INTUTS
LOCATION

TCRUS REF VESSEL
DRYWELL REF VESSEL

TCR AREA 8
TOR AREA 8
DWLL AREA O
DWLL AREA O
DWLL AREA 1
DWLL AREA 1
DWLL AREA 2
DWLL AREA 2
DWLL AREA 3
DWLL AREA 3
DWLL AREA 4
DWLL AREA 4
DWLL AREA 5§
DWLL AREA 5
DWLL AREA 6
DWLL AREA 6
DWLL AREA' 7
DWLL AREA B8
PNL OP MODE
PNL STRM ID
TORUS ILRT

HUMIDITY
DRYWELL ILRT

HUMIDITY
PRESS

REF VES TO TORUS
REF VES TO DRYWELL
TORUS PRESSURE _
DRYWELL PRESSURE

221

COMPUTER

P - e
.

¥098
M096
M095
M102
M103
ML16
MO84
M115
MO85
¥086
MO87
MO88
M089
MO%0
MO91
MO113
M092
¥093
M09
M1
M1l
M112
M106

MO69

F125
M101
M100
MO99
MO97

YEASURILG
VYT MY

CHITS

FSIA
FSIA
DEGF
DEGF
DEGF
DEGF
DEGF
DEGE
DEGF
DEGF
DEGF
DEGF
DEGF
DEGF
DEGF
DEGF
DEGF
DEGF
DEGF
DEGF
PPM

PP

PPM



If the two zone terrerature readings differ by more than + 2,0

—

degrees F, it is assumed that at least cne RTD reading is faulty.
Faulty readirps ar corrected by the operator by reroving the point

from scan and inserting an arbitrary value of zero. Refer to
Apperdix C, Operator Guide, for details, To allow the operator to

=3
eccomplish this, the Program is put into a wait state and the required
action is print

ed on the programmer's typer. This action will consist

of suppressing the standard action keys on the operator's console., Ir
addition, the cperatoer may wish to de-energize the RTD in error. After
the operator hes acted, the program is continued by inserting a 0 into
& computer point called IFLAG. (See Section Vi(e) - Progran). )

b.

Ce

Pressure angd Pressure Differential Sensors:

Total pressures (psia) in the contairments and
reference vessels are converted from analog
readings as follows: (These conversions were
originally coded intc the ILRT program. One
site at PASNY, conversions will be handled by
GEPAC system subroutines)

P = Reading (70./100.)

i.e. 0 - 100, Mv corresponds to 0, - 70. psia

Differential pressures (psia) are converted as follows:
P = Reading (5.0/100.)

i.e. 0« 100, Mv corresponds to 0. - 5.0 psia
Barometric pressure conversion:

Barom (inches Hg) = (Reading - 16.)/6k, (30.0)

1

i.e. 16 - 80. Mv corresponds-té 0. = 30. in. Hg
Moisture Analyzers (Beckman Model 870)

.
The Beckman moisture analyzers provide a reading of
parts per million (volume) of water in the containment
volumes. The analyzer is set up to measure § sample
Streams which represent 5 definite volumes within the
total containment (torus ana dry bulb). The instrument
has an internal timer which switches streams at 1 minute
intervals. Stream No. 1 represents the volume contained
in the torus; whereas Streams 2-5 represent certain
portions of the volume of the dry bulb., Two analyzers
are present: 16-MAZ-101 and 16-MAZ-102 are both capable
of measuring streams Nos, 1-5 selected continuously., In
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oth aralyzers in cpereticn: 16-MAZ-101
» - » ~ - ~

measurinc stream No. 1, 16-!‘AZ-102 measur-

ing streams 2-5 ccntinuously (normal rode)

2. Only 16-MAZ-10l in operstion, measuring
all S streams selected continuously

3. Only 16-MAZ-102 in operation, measuring
gll 5 streams selected continuously

These modes are identified by an operator selected mode switch which
produces a 20, 30, 40 ma signal for modes 1-3, respectively. To
determine which stream is under analysis (in the case of continuously
selected streams), a 1L, 18, 22, 26, and 30 ma signal is provided.
The respective signals are in the order of streams 1-5. All signals
are in the 10-50 ma range which translate to 16-80 mv using a 1.6 ohm
resistor. The pertial pressures of the water vapor in the two con-
tainments (torus and dry bulb) ere computed from the stream values

of ppz by volume as messured and & volume weighting factor. The
weighting factors are assigned to account for the fractional containe-
ment volume represented by each strepm, as follows:

Zone Stream . Weight factor
8 (Torus) 1 1.0
0 (Vent Header) 3 0.1133
1 (Dry Well) 5 0.5833
2 (Dry Well) 5 .
7 (Dry Well) 5
3 (Dry Well) 2 0.1783
4 (Dry Well) 2 3
5 (Dry Well) L 0.12k9
6 (Dry We‘ll) L

Since the 24 hr leak rate test program is to be executed once per
hour, & routine to secure the proper moisture values must be
executed at least 5 minutes prior 'to the execution of the main
program. That is, & minimum of 1 minute per stream is required
to adequately hardle the transient data. Maximum accuracy is
achieved by executing the moisture content routine at 5 minute
intervals and arranging the interval to begin 2.5 to 3.0 minutes
prior to execution of the ILRT program.
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Vvi. COMPUTER PROGRAM

The ILRT program is set up to accept the signals for mode
and prrmv readings and convert these readiugs tc the des

pressure of water vapor in the containment. An errcr + 1
eccepted for the mode readings, while an error of +1.0 me is accepted
for the stream identifications, If these errors &re exceeded, the

stream or mode with least totel error is selected. Hcwever, &n on-
line warning is printed on the prograrmer's tyrer when this occurs.

The conversicn of the moisture analyzer reading in mv to parts per
million by volume is:

;omv = (Reading - 16.)/6k. (15,000.)
i.e., 16. = 80 mv corresponds to 0. = 15,000. ppmv

Parts per million by velume is converted to partial pressure i
(psia) by: 0

P (B0) = (ppmv/(1.E6 + ppmv) * (P total)

a. Required computations (in sequential order) /
1. Tnitial mess: Suppression chamber and dry well

Mso = 1Lk, (Pso-Psvo) Vs
R Tso

Mo = Ly, (Pdo-Pdvo) Vd

R Tdo
(pressures in psie)

2. Differential leak rate: suppression chamber and dry well

g T ( TSO-|
| - P -P ——
L - 2%-_ - ,],:p : APsr_-gr_Q_ i APsro sv sv Ts
so svo - 3
J—— a—
' ‘h T %
' o - -
Var™ 2o — AFqy 2 Afaro (Pavo Pdv%)
do dro R (-4 s

224 .
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Mass as ccmputed by reference velurme method (ecurrent):

M = Mso (l.=-L'sr ®* ¢/2L,)
sr

M, =Mdo (1.-L' * s/2L,
- o (1.,-L'ar /2k,)

Mass (by ebsolute method) at current time:

Mse = 14k, (Ps-Psv)Vs Mda = 144, (Pé-Pdv)vad
RTs RT4d

Totals:

Mtr = Msr + Mdr
Mta = Msa + Mda

Least squares fit of Mtr vs t
and Mta vs t :

let v = mass » s m=slope

x = time , b=intercept
n = no., of data points

n z)g[-szy

m =)dMt dMtal =
= . T} s B2t . (X0

b uzyrxe _ZXIXY
n Zx2= (Zx)°

Std. deviation = ' Tn = "/(‘lz-(&)aln)a

vhere 0~ = (Va.z'i.‘a,x'z.c:e)]'/2 - E‘:gx-jz""l 1/2
. n=-2
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mhe "Student T" 95 percent confidence level is a function of the standard
deviation and “he total nunber of samples i.e.

95 percent confidence = Uq, (+2400) f(n)
Mo

(expressed as percent by weight leakage rete)
where £(n) is fitted using data from statistical tables:

£(n) = 1.95996 + 2.37226/n + 2.8225/n°

Note: 95 percent confidence level = 2.06

(Student T for 25 data points) 3

Note: Fits will begin at N=3; data will be a maximum of
2L points (1 @ay); the most recent 25 points will be con=
sidered i.e., vhen data for 2L hours is collected, the
earliest point will be discarded.

7. Fraction of total containment mass lost/day: /

Ltr = aMtr/dt *ol,

Mto

Ltd = dMtd/dt oL,

Mdo

L —-———



NOMEZCLATUR

2

Subsecripts:

S « suppression chamber (or torus)
D - dry well (or buld)
0 = initial values
R - reference volume method
A - absclute method
T - total
Variables:

s

r)‘

M - mass air in containment, 1b

t - time, or

p - total pressure in containment, psia

pv - vapor pressure in containment, psia
: \

p - differential pressure between reference vessel
and containment psia

T - temperature,®R

L' - differential leak rate computed for reference
volume method (fraction of conteined mass lost/hour)

V - containment volume, ft 3
R - gas constant, air 53.35 ft 1bf/lbm °R

L = 24 hour leak rate, computed from least squares fit of
M vs t, fraction of conteinment mass lost/day.

Organization and Flow Chart

A list of subroutines and e flow chart are attached. Appendix B
contains definitions of progrem veriables. Prograu control
through the operator's console is accomplished by manipulation

of the variable IFLAG. f

The computer point designated IFLAG will at any given time contain
an integer which determines the mode of ILRT progranm operation.
This integer is set by the operator and allows him to control pro-
gram execution as follows: ;

L3 ]
N
e
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ogram to resume,

Reinitialization consi tting the
pressure, vapor , temperature in

values for initial mass,

in the containments, and
initial pressure between containment and reference volume.,
The computed le&k ges (See calculations - Appendix A) require these
initial observetions. 1In addition, since only the most recent 2L-hour
perzod of test is Printed, the program arrays which contain the hourly

readings nust be compressed so as to reflect the more recent hourly
observations.

Usually, the test is star‘ed at arbitrary hour 0. and all subsequen
readings are tabulated om time O, hours. If the Pro=

'!
gram is reinitialized using ITYPE 1, however, the initial time is

“a acrl'en

Ll " wnw‘;r
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set to the current time and all subsequent readings are tesbulated in
increments from this new initiel time (not equal tc 0.). The ornly
difference tetween ITYPE = 1 above, and ITYPE = 3 is that the latter
resets the initial time to 0. and resets the subseguent times of
observation relative to 0.
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SUB

1.

Se

7.

ROT*PTNES «
M e hAraAl .

Main program - All flow chart logic, including the compression of data
when arrays are full, or during reinitialization,

MASS - Computes mess of air in torvs and in the dry well and the totel
mass in both conteinments. This is done through the perfect gas law
(absolute method) ard through the dirferential leak rate computation
(reference volume method).

CURFIT - Computes slope and intercept of total mass in containment vs
time by means of a least squares curve fit of the form y = mx + b.

TSL - Computes saturation temperature in deg F given the saturation
pressure on the water - water vapor saturation line. It is used to
compute the dew pcints within the torus and dry bdulb containments as
functions of total pressure.

SETUP - Performs signel modifications to engineering units for all
process variables., Also, accuracy checks are performed on all RTD
readings.

ANALYZER - Performs signal modifications for process variables
connected with moisture analyzer. Agcuracy checks on analog mv
readings are performed. ;

PRINT - Outputs date and results in EPA approved format.
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temperatures i 1€ } > the con-
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are allowed to uali ¢ nd Ti =
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Correcting for vapor pressure,
equation (1) results.

i ”~ »
roposed Standard for Leakage-Rate Testin r Containment
tructures for 'Nuclear Reacter . Nat, Std NL5,.4

(Amer., Nuclear Soc. Standards Committee, September 15, 1971)
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APPENDIX B
e L s,

FORTRAN VARTIARLES

Initial values ( at t = 0,)

PS¢ - Pso, initiel total pressure, suppression charber
PD§ - Pdo, initial total pressure, dry buld

PSV§ - Psve, initial vepor pressure, suppression chamber
PDV@ - Pdvo, initial vapor pressure,dry well

TSP - Tso, initial temperature, suppression chamber

DPSR¢ - Psro, initial differentiel pressure between ref.
volume and suppression chamber

DPDR§ - Pdro, initial differential pressure between ref.
volume and dry well

YMPS - Mso, initial mess air in 1*.01'1.151’x
™MD - Mdo, initial mass air in dry well

Weight of nitrogen added to system at

wNzf - W
time 0. (from totalizing meter)

2

Current values

Time - t, hours elapsed since test started

PS,PD - Ps, Pd, total pressure, torus and dry well
PsV,PDV - Psv,Pdv, vaper pressures, torus and dry well
78,70 - Ts,Td, temperatures, torus and dry' well

DPSR, DPFDR - Psr, Pdr, differential pressures between ref. volume
and containment, torus and dry well

BAROM - barometric pressure, inches Hg
DEWPTD - Dew Point, dry well -
DEWPTS - Dew point, torus

PSR,PDR - Psr, Pdr, pressure, reference volumes, torus and dry well.

. RLEAKS  L'sr, Differential leak rate from torus, fractional loss

of mass per hour.



Y

III.

ALEAXD L'dr, Differential lesk rate from dry well, fractionel loss

of mass per hour

TAVER(i),i=1,9 = Tav, average of the 2 RTDS

- -

located within each of the

9 zones of the containment volure
IMODE Mode of moisture analyzer operation
l. Both

2. 16=MAZ-101 only
3. 16-MAZ=-102 only

(See moisture analyzer section for deteils)

ISTRM Number desigraticn of stream (1-5)
1 Torus
2=5 Dry Well i
N Counter for index of number time steps in current leak

rate evaluatiodn

Etored Results (dimensioned for maximum of 26 time steps or 26 hours)

Rate (1,)3), J=1, 26
Rate (2,J), J=1, 26

VAR (1,)), J=1, 26

VAR (2,)) =1, 26

sTDM (1,)), J=1,26

STDM (2,3) J=1, 26

con(2,d), J=1,26

PBAR (J), J=1, 26

RTD (18,3) J=1, 26
XTIME (J), =1, 26
PPMV (1,3), J=1,26

dMta/dt, rate absolute method
dMtr/dt, rate reference volume method

Variance of least squares fit, Mta vs t,
absolute method

Variance of least squeres fit, Mts vs t,
reference volume method

Standard deviation of fit, Mtr vs t,
absolute method. Units: b /hr

Standard deviation of fit, Mtr vs ¢,
reference volume method, Units: lb/hr

95 percent confidence level based on
number of observations.

Barometric pressure
RTD temperature readings
Tize, hours

Parts per million by volume of moisture
in stream i, wvhere { = 1,5
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YMASS (1, §), J=1, 26
yrass (2, 3), §=1, 26
nAsS (3, J), J=1, 26
ymass (L, 3), J=1, 26
mass (s, 1), J=1, 26
yMASS (6, 3), J=1, 26
our (1, J), J=1, 26
our (2, J), 3=1, 26
our (3, 3), I= 1,26
our (4,3), J = 1,26
ouT (5,3)s 3 = 1,26
oUT (6,3), 3 = 1,26
OUT (7,d)» 3 = 1,26

ouT (8,3), 3 = 1026

ouT (9,3)s 3 = 1,26
ouT (10,3), 3 = 1,26
our (11,4), J = 1,26
ouT (12,4), 3 = 1,26
ouT (13,3), § = 1,28
™ (1)

™g (2)

pMT (1)

oMt (2)

¥TH2

WICOR(J), § = 1,26

0

¥sa, Mess air in torus, ebsclute

Mé», Mass eir in dry well, absolute
Msa + M3a, ttoal mass, absolute

Msr, mass air ir torus, ref. volume
Mdr, mass air in dry well, vef. volure
Msr + Mdr, total zass, ref, volurce
Ps, total pressure, torus

Pd, totel pressure, dry well I
Psv, vapor pressure, torus -‘
Pdv, vapor pressure, dry well

Ts, temperature, torus

Td, temperature, dry well

Psr, pressure, differentiel reference
volume and torus '

Pdr, pressure,differential reference
volume and dry well

Psr, pressure, reference volume, torus
Pdr, pressure, reference volume, dry well
Dew .point, torus

Dew point, dry well

Nitrogen bleed, lbs (total added)

Ba, intercept of L. S. fit of Mta vs t,
absolute method

Br, intercept of L.S. fit of Mtr vs t, ref.
volume method

Ma, slope, dMta/dt

Mr, slope, dMtr/dt

unroge{- bleed,' 1b. (total added)
Curulative weight N, bleed added to con-

tainment from time base (N=1) i.e, from
time XTIME(1)



o | B s
-ixXelC va.ues:

vs, VD

:.f'”: (i), i - 1’9

WATWT (i), 4 = 1,5

R

Ve,VD, volumes of torus and dry well

Velume weighting feactors for teaperature
measurerents in 9 zcnes of volume

Volume weighting factors for moisture
measurements in S moisture analyzer strears

Gas constant for air, 53.35 ft 1bf/lem R

Within the setup subroutine, which accepts the real time analog readings
into Fortran variables by means of ejuivalence statements, the following

define unprocessed signals:

TREAD (i), 1=1,18

PSREF

CFra
PDREF

XMODE

XSTRM

XRDG1

XRDG2

BARRD

PSVPR

PBULB

DPSREF

DPDREF

IDUMMY

Current scan of 18 RTD'S (degrees F)

Current scan of reference vessel
pressure in torus (mv)

Nitrogen bleed, cu ft (total added)

Current scan of reference vessel pressure

", in dry well (mv)

238

Current scan of mode switch of moisture
analyzer (mv)

Current scan of stream ID of moisture

analyzer (mv)

Current scan of moisture reading
(16=-MAZ-101), mv

Current scan of moisture reading
(16-MAZ-102), mv

Current scan of barometric pressure, nv
Current time, hours

Current scan of total pressure in torus, mv

.Current scan of total pressure in dry well, mv

Current scan of differential pressure between
torus and reference vessel, mv

Current scan of differential pressure between
dry well and reference vessel, mv

Current scan of operator set program control
variable. This value will be set as an
integer (0=9) (See IFLAG below)



v

-e

Manually set veriables:

E 1 - Abbreviated output ) As set
IEDIT 2 = One hr output ) by IFLAG
( 3«2k hr (or max. output) belew
IFLAG 0 DNormal coperation of IRLT progren
1 Reinitielize TEDIT = 1
3 Reinitialize, setting t = Q.
L Provide sbbreviated output
(1 line containing rete, cont,., level,
moistures) - JF22T =4
5 Current output ( 1 hrz - IEDIT = 2
6 Long output (24 hr) - IEDIT = 3
9 Abort program
Note: In addition, IFLAG may be set to 8 within the scan program, if an

)

RTD measurement error exists. After manual correction of the RTD
error, the IRLT program is restarted by manuelly setting IFLAG = O.
If program is running normally or being reinitialized, (i.e. ITYPE = 0,
1, or 3) IEDIT is set to 1 and the output will be of the abbreviated
form. (See Section VI-a for details).
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APPENDIX C

¥

Operater Guide
The procedure for starting the ILRT program is as follows:
on the GEPAC L0320 console,

1) Dial into location labeled "FUNCTION" the value 29
(Punction switeh 29)

2) Dial intec location labeled "NUMBER," the value 0
(This is the program value for ITYPE),

3) Press the "ACTION" button e

After starting the ILRT program, the program may be reinitialized by the.same
procedure as sbove except that ITYPE ("NUMBER" dial) is set to 1 to reinitialize
with the time varisble automatically reset to 0. Follow the above procedure with
ITYPE = 3. :

When the program is started or reinitialized, an abbrevieted, shortened set of
results is printed (leak rate, confidence level, and moisture analyzer readings
only). If complete output is desired, i.e. all measurements and calculations,
perforn the start program procedure as above with "NUMBER" dial set to 0; then
repeat the procedure with "NUMBER" dial set to 5 or 6. Note: ITYPE = 5 produces
output for current hour, ITYPE = £ produces a log of the output for the preceding
<4 hours (or less than 24 hours, depending upon the maximum time the program has
been executing).

In the case the ILRT program detects an RTD measurement error, it enters into'a
"wait" state of 30 seconds duration pending operator action, and internally sets
IFLAG = 8, As long as the value of IFLAG remains 8, the program will continue in
the wait state. That is, in order to continue the program, the operator must dial
another value on the "NUMBER" dial (usually 0) and press the "ACTION" button.

While in the wait state the operator must correct the RTD observation by either of
the following two methods:

1) a) Dial in the computer point number correspcnding to the bad
RTD on the GEPAC console.

b) Manually diel fn a corrected observation ( in deg F) using
"INPUT" dial i

¢) Remove the comﬁuter point from scan (by depressing "REMOVE
SCAN" button on console) and insert new value (by depress-
ing "INSERT" button). This new value will remain constant
in the computer untili it is changed manually or the RTD
computer point is returned to SCAN (a console push-button
is also provided for this purpose).



2) Sere as above excert dial in a value of 0. instead of a
corrected observation, With this procedure, the scanned
reading will be igrnored. For exarple, each of the © son-
tainzent volumes contains 2 RTD's which are aversged., If
one of these 2 ETD's reads 0., it will be ignoreé and the
"average" will consist only of one good reading.

Caution: After the operator breaks the computer out of the WAIT state,
no further corrections will be possible. Therefore, all
corrections must be made before proceding.

To abort or end the ILRT program, dial the value 9 into
"NUMBER" and press "ACTION",

For further details, see Section VI and Appendix B-VI of
documentation.
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D FNPP=1 14 PSIA

VT AL ATE ISPCT COnF MOISTURE KEADING STREANS - PPMY VOLUME
(?CT/Cay) A B C D E
2189 ¢ ? 9375.00 9375.00 9375.00 Q9375.00 9375.00
“.3109

R R

16~1-RTD IMOEX 113 OR 114 1S BAD
GPCRATCR ACTION KRECUIRCD TN SET BAD VALUE TO 0.
AFTER FIxuP, SET IFLAG=0 TO RESUMC PROGRAM
GLENTPGIZE BAD RTD
OR SET 1FLAG=9 TO ASCAT PROGR&M

16-1-27D rRUG

113 100.00

114 9P .00 ’ EXAMPLE .
101 93.00

120 94.60 ABGBREVIATEZD
102 95,00 =

119 €6.00 (:ﬂfhk(ri 2
103 $7.00 . ’
104 91.00

105 99,00

106 100.00

107 101.00

108 102.00

109 1C3.00

217 104,60

110 105,00

111 106,00

112 157.90

118 105.00




f: rou
s seens JrFNPP-1 14 PSIA LF/ TE TEST AFTER Q9,00 HIS etare
RFF LKA LIR25-F¥~ . AND FN~1PA

ExAMsE Aowg Corpvi™
TEMPIRATURE (BIG F)  14A-1-RTD-/ARFA
HAS 11378  1la/7R 10171 12071 1027) 11971 10372 10472 10573 10673 10774 10874 10975 11175 11076 11176 11277 1177

.
100,00 92.G0 93.00 95.00 95.00 94.00 97.00 98.60 8%.00 100,00 101.C0 102.60 103.00 104.00 105,00 104,00 107,00 167 .00

(4]
1 100,60 9%5.00 93.0C 94.00 95,00 9¢.00 97.C0 9¢.00 99.00 100,00 101,00 102.60 103,00 104.00 105.00 106.60 167,600 107,66
2 100.60 SA.00 %2.90 24.00 9%.09 96.00 $7.00 94,00 99,006 100,00 101.00 102.0C 103.00 104,00 175.00 106.90 107,00 10r .00
3 10G.00 9°,00 3,60 %4,00 95.60 96.C0 ©7.00 9 .00 97,60 170,00 101,00 102.60 103.00 104,060 165,006 1G6 .00 10T 60 0P 6
- 100.00 2,00 92,00 94,00 95.0C 956,00 97.00 92,00 99,90 100.0b 101,00 102.GQ 103.00 1C4.00 169.00 106,00 107,00 107,00
8 106.00 9A,00 93.90 94.00 95.00 96.00 97.00 9R,00 99,00 109.06G 101.060 102.00 1031.00 104.00 105,30 106.006 107.00 107,09
[ 100.00 98.00 93.00 94.60 95.00 96.00 97.00 90 .00 $9.00 100.00 101,00 102,00 103.00 104.00 10%.00 1C6.00 107,00 1GF .00
7 106.00 98.00 93,00 94.00 95.00 96.00 97.00 03,60 99.00 100.C0 101,00 102.00 103.00 16G4.00 i0%,00 106,00 107.00 10F.00
8 100,00 94,00 %3.0N0 94,C0 9,00 96.00 97.C0 Q6,00 99,00 j00,00 1C1.00 }92,00 122.00 104,00 10%.00 166,00 107.€0 16R .00
9 100,00 99,00 93.00 94.00 95.0C 96.00 97.00 98.00 99:00 100.00 101,00 102.00 103,00 164.0C 102,00 164,060 167.€0 105.00
HRS AVE TEMP PRESSURLS (PSIA) AAMETALC
TORUS DRYWELL TORUS PRYWELL PRESSYIRE
TOTAL RCF VOL oe TOTAL REF VOL ne INCHES HS
(P1-1C4) (P1-103) (oP1-102) (P1-102) (P1-101) (op1=-101)
0 99.00 "QEtYT———._ 146,00 14.00 0.0 14.00 14.00 0.0 2e .50
9,00 93.55 14,00 14.00 0.0 14.00 14.00 0.0 26.50
2 99.00 98.5% i 13.86 14.00 0.1400 1)3.99 - 14.00 C.0140 29.590
3 . 99.00 $0 .55 ) 13.R€ 14.00 0.1400 13.99 14.00 0.0140 21.50
A 99.060 96.55 13.72 14.00 0.2700 13.97 164.00 0.0230 20,50
5 $9.00 93.5%% 13.72 154.00 0.2800 13,97 14.06 0.0280 28.50
& 99.00 98.5% 13.%8 14.00 0.4200 13.98 14.00 0.0520 28.5%0
7 °9,02 91,55 13.5¢ 14.00 0.4200 13.96 14.00 0.0420 28,5
14 99.00 23.55 13.44 ~ 14.00 _ 0,5¢00 13.9% 1<.00 0.0¢60 RS0
3 ~92.00 o8 .55 13.44 | 14.C0 0.5600 13.94 ° 14.00 0.05¢0 2n.50
J FOISTURE READINGS TORUS DRYUSLL
HRS PPM YOLUME FOR STREAMS A-E VAPOR PRES DEW PNINT VAPTR PALS NEW POINT,
B B [ D E (PSIa) { DEG F) (PSIA) (DEG F)
0 9375.00 9375.00 9375.00 9:7%.00 $375.00 0.1300 41.76 0.1200 41.7%
1 §375.00  §3¥75.GC $375.00 2175,.00 9375.00 0.1300 41.7A 0.1306 61.7%
2 9375.00 9375.00 9375.09 €375.00 9375.00 N.12R7 41.50 0.1299 41.7)
3 °375.00 9375.00 9375.00 9375.00 9375.00 0.12a7 41.50 0.1299 41.73
4 Q375.0C 9375.L0 93715.00 9375.00 9375.00 0.1274 41.264° 0.,1297 41.70
s 917%.00 937%.00 937¢ .00 2375.010 9375.00 ° 0.1274 41.24 0.1297 41.70
& 937%.00 9272.00 9375.00 9375.00 93175.00 0.1261 40.°9 0.1296 H41.67
T 93715.00 9375.00 9275.00 9375.00 9375.00 0.,1281 40D.98 0.1294 L1.67
n 9.,75.00 9375.00 95745 .00 9375.00 9275.00 0.1248 40.71 0.1295 L1.65
9 9375.00 9375.00 9375.00 9375.00 9375.00 0.1248 40.71 . 0.1295 41.65%
MASS AIR TN CONTAINMENTS - LBS
IDEAL GAS LAW g QEF VESLSEL METTHEOD
HRS TeRUus NDEYWFLL sSuM TORUS nYHFLL SUM
= .0 T7155.312 19353.84 12109.17 TTUR5.)3 10351,.84 1F1072.17
1 T75%35 10353.24 1R109.17 7755.33 10353,34 —1F107.17
2 1677.756 10343.49 19621.27 T677.78 103472 ,49 8022 .27
3 In12.75 1G343.49 15021.27 TA77.79 - 10343 .59 1°021.27
“ 7600.73 10332.13 17933.3s 7¢00,23 10321.13 17933.36
S5 000,23 10332.13 17933.36 T400.23 10333 ,1% 17933,
[ 1522 .67 IN=22 .78 L77%5 .45 T522.47 10A22.7F LINAS &S
7 1522 .67 10322.78 17945 .45 7922.07 10322."%8 17945 .4%
n 44 .12 105120.42 L7757 459 Tah .12 10220 .4% PTINT.05
D] 16445, 17 BTIEE RE | V70T 54 TH6%.12 1IN0V .60 IR AT AN
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‘C vorpoT €on7.) (

onvé
2 INTEGRATED X BATE
ABSOLUTE MeTHND REF VESSEL METHOD
i . HRS CALS 22 S1D DEV 952CT CONF CALT 24¥R STD GEV 6SPCT CONF
LEAK RATE(PCT) OF SLOPE LIMIT(PCT) LEAK RATE(PCT) OF SLNPE LIMIT(PCT)

] 0.0 0.0 0.0 n.n 0.0 0.0
1 0.0 0.0 , 0.0 0.0 0.0 0.0
2 5.8204 25.27¢8 10.2975 5.FP204 25.3766 10.2974
3 4.6579 12.4319 4.4948 46,6579 12.4319 4.4948
o £L.E155 £.7507 2.9648 5.8195% fA,.7907 2.9640

= 5 $.3222 6.1522 1.9330 5.2222 6.1522 1.9230
& 5.8191 4.8638 1.5174 5.8191 4 A%2R8 1.5174
 J 5.56433 3.8z13 1.1642 5.543) 3.R2112 1.1642
8 5.8189 3.1972 0.95%9 P 5.9189 3.1972 0.9559
9 5.6436 2.6639 0.7850 5.6436 2.46639 0.7850

l6~-1-2TD INDEX 113 OR 114 15 BAD
QPERATUQ ACTINKN REGIIRED YO SET BAD VALUE T0 0.
LETER FIXUP, SET IFLAG=0 YO RESUME PROCRAM
QEENERCIZE BAD RTD 4
‘DR S$ET 1FLAG=9 TO A3S0RT PROGRAM - = :

16-1-RT0 . R0G
113 100.60 < .

114 °3.00 . . o
101 93.00 ’ sk o i M L el .
. 120 94,00 e .
1c2 95.00 ) A - 3
119 - 95.00 : s
103 97.C0 } ’ ey o - e = - ) 21 %
104 op .00 .
105 99.00 . S R e T R
106 100,00
107 - 101.00 i
108 102,00
109 1€3.00 - = e
117 104.00 . 2
110 105.00 M i e o,
11l 106.00
112 107.00 o i = R

118 . 108,00



ee%98 JAFNPP-1 14 PSIA LF ATE TEST AFTER  10.00 HKS *¢ed?
’ REF.OWG 11825-Ih « AMD FM-18A
EXNAMAUE! SiferT OurPvl™
TEMPLRATUNE (DEG F) 16-1-RTN=/ARFA '
HRS 11378 11478 10171 12071 10271 11971 10372 10472 10%/3 108/3 10774 10P/4  109/5 11779 11078 11176 11271 LML/7

. .
10 100.00 ‘9#.00 953.00 94.C0 95.00 96.00 97.00 98.00 99,00 100,00 101.00 102.00 103.00 104,00 165.06% 104,00 107.00 105 .00

HRS AVE TEMP ] . PRESSURES (PSIA) JAROM: TRIC
TORUS DRYWELL . . TORUS DRYWELL . PRESSURE
TOTAL RCF VOL op TOTAL REF VOL 0? IHNCHES MG
(P1-104)  (P1-103)  (OP1-102)  (P1-102)  (P1-101)  (OP1-101)
10 99,00 98.5% 13.30 14.00 0.7000 12,93 14,00 0.0700 2e.50
. MOISTURE READINGS .. Tojus OPYHELL
HRS PPM VOLUME FOR STREAMS A~E ~ yAPhR PRES DEW POINT VAPOR PRES NEd POINT
A 8 c 0 3 (PSTA) { GEG F) (FSTA) (DEG F)
10 937%.00 9275.00 ~9375.00 9375.00 ©375.00 0.123% 40.45 0.1294 41.62
MASS AIR IN FONTAINMENTS = LRS
. IOEAL GAS LAW REF VESSEL METHOD
HRS TORUS DRYWELL SuM TORYS - QRYWELL SuUM
10 7367.5T 10302.07  17669.64 7367.57 10302.07 17669.66
S ' ‘ © T T T INTEGRATFD LEAX RATE
» -
: ASSOLUTE METHOD ' ‘ REF VESSEL METHOOD
MRS CALC 24MR STD GEVY  95°CT CONF CALC 24MR STD DEV  95PCT CONF
LEAK RATEIPCT) OF SLPPE LIMIT(PCT) LEAK RATE(SLT) OF SLOPE  LIMIT(PCT)
. ) 10 5.8187 2.3070 0.6716 __ . ... .. 5.8187 2.3070 0.6716 B

16-1-RTD IMO3X 113 OR 114 IS BAD ; . -
. APFRATIR ACTION REGUIRED TH SET BAD VALUE TO O.
AFTCR FIYUP, SET IFLAG=0 TO RESUME PROGRAM
DEENFRGIZE BAD RTD
01 SET IFLAG=9 TO A3ORY PROGRAM

.16-1-RT0  RNG ) N Y

113 100.09 : & L= .
114 9% .00
101 93.00 e =55 T : Ll
120 94 .00
. * 102 95.00 e .
: 119 956.00
103 ©7.06 I 3
124 98 .CO
105 99.70 o §
106 100.00 .
107 101.00 '
1048 102.60
179 103.00
117 104,70
110 105.00
111 10¢.00
2 167.00

s 1C*.00 :



CX{C‘: ~MEL DHOLT OUutYul

-

L8 JAFNPP-]
. REF.OMG 11825-FM-6

TEFPERATURE (716

was 11379 1140 10173 1204) 10271 119/1 10372 10472 10573 106/3 10774 10876 100/5 117/5 11076 11176 11277 v
11 100.CO 9£.00 93.00 94.00 95.00 96.00 97.00 98.00 97.C0 100.00 101.00 102.00 103.00 10%.00 105.00 106.00 167.00 108,60
HRS AVE TEW? PRESSURES (PSTA) BAPUMETRIC

TORUS DRYAELL TORUS DRYRELL PRESSURE

TOTAL RFF VDL oP TOTAL REF VOL oP INCHES BG
(P1-104)  (P1-103)  (DP1-102)  (P1-102)  (PL-10L) (oP1-101)
m 99.00 98.5% 13.20 14 .00 0.7000 13.93 14 .00 0.0700 21,50
MNISTURE READINGS R TORUS DUYEELL
HRS PPM VOLUME FOR STRZIAMS A-E VAPOR PRES nEYW POINT VAPDR PRES DLt PLUINT

A 3 ¢ 0 % 1PEIA) { D5G F) (PSIA) (DEC F)

11 93715.00 9375.00 9375.00 9375.00 9375.00 0.1235 40.45 0.129 41.62
' MASS AIR IM CONTAINVENTS - LBS
IDEAL GAS LAW REF VESSEL METHOD
H2s TORUS DRYWSLL SUM TORUS oavkelL S
.
) 11 7387.57  10302.07 17669.44 7367.57  10302.07  17669.64
. 3 " INTZGRATED LEAX RATE
 A9SOLUTE METHOD ’ REF VESSEL METHOD
. HRS CALL 24MR STD DEV . 95PCT CONF CALC 24M3 STD DEV  95PCT CONF )
. LEAX RATE(PCT) OF SLOPE LIMITIPCT) LEAK RATE(FCT) OF SLOPE ' MIT(PCT)
11 5.6976 1.9920 0.5742 4 5.6976 1.9920 0.5742

le-1-2TD INNREX 113 MR 114 1S 840 : . .

EQUILED TN SET BAD VALUE 70 0.
0 TO RESUME PROGRAM

OPERATUR ACTILN R
AFTER FIXUP, SET IFLAG=
GEEZMERGIZE BAD RTD

0 SET 1FLAG=Y TO ASORT PROGRAM

16-1-370 809G
‘113 100.00
114 9R8.10
101 93.00 )
120 24,90
102 95.0C
119 96.00
103 97.00 .
104 °r.00
10% 99.00
106 100,00 .
107 101.00
162 102.0C
107 103.60
1n7 104.00
110 105.00
11 10e .00
112 107.00 )
LAd 108.00 .

14 PSIA LEA(’\ ,C TEST AFTSR  11.00 HRS eeces

. AND TM-1PA

€5 16=-1-RTN-/AREA
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CAMS A-C
o

o371%.00
237%5.00
93715.00
9375.G0
9375.00
93715.00
9375.060
9375.00
Q937% .00
9375.C0
9375.00

375.060
9375.00
937:.00
937%.00
937¢€.00
9375.00
9375.00
9375.00
9375.00
937£.00
9375.00
9375.00
9375.00
9375.00

MASS
IDEAL GAS
. DRYWFLL
10343,49
10353,.49
10333.12
10323.12
10222.79
10222.7¢
10312.43
10212.53
16302.07
10502.07
10291,.72
10291.72
10281.3¢
102P1.36
10271.01
10271.01
102e0.06
10260.656
102590.30
10250.30
1022%.95
10239.725
10229.60
10229.00
10219.24

P el 2 2 b FAINIUIE NEALI TN
il 4 - VOLUEE FOT STR
A b 4
237%.00 $374.00 @375.00
9375.00 375,00 ®17¢.00
9375.02°  9375.060 §175.00
9375.00 9375.5C & 9175.00
©375.60 937%.40 %375.00
9175.00 9375.00 9375.00
9375.00 937%.00 ©37%.00
937%.00 9375,00 9375.00
9375.00 @374,060 ©375.00
9375.06.  9275.00 9375.00
9375.00 €37%,3C 9175,00
9375.00 9275.00 9375.00
9375.C0 9375.00 $275,00
9375.00 9375.00 937¢ .00
9275.00 Q937%,00 9375.00
937€.00 9375.00 ° 9375.00
9317%.00 9275.00 9175.00
9375.00 9275.00 ©375.00
9375.00 9:75.0:0 [375.00
937£.60  ©375.00 9375.00"
037%.% 9375.60  T9375.00
9375.20 9175.09 9375.00
0374.00 9375.00 937¢.00
9375.00 9375.60 9175.00
©375.00 $375.00 9375.00
HRS T0'US
2 777,78
3 7677.78
4 * 7600,23
5 7600.23
[ T7£22.67
7 7522 .67
. 3 . s 1445.12
. ? 2445.12
1C 1367.57
11 7367 .57
12 7290.01
13 1290.01
14 1212.46
15 1212.46
16 T134.91
17 7134 .91
10 057,35
: 7057.3%
20 £979,30
21 £979.50
22 6902.25
23 £962.25
24 6524 .69
. 25 6624 .59
26 674714

AHSOLUTE METHOD

E

9375 .00
937 .00
9375.00
9375.00
9375.00
9375.00
9375.00
9375.00
9375.00
9375.00
9375.00
9375.060
9375.00
9375.00
9375.00
9375.00
9375.00
9375.00
9375.00
9375.00
9375.00
9575.00
9375.00
93/5.00
9375.00

T
‘O] PRES
(PSIA)

0.1287
0.12R7
0.1274
0.1274
0.1261
0.1261
0.1248
N.1248,
0.1225%
0.1235
0.1222
0.1222
0.12c9
0.1209
0.1196
0.1183
0.1193
0.1170
0.1170
N,1157.
0.1157
0.1144
0.11%4
0.1131

0

D PNy

AIZ IN CONTAINMENTS - LBS
REF VISSEL METHOD

LAW
sum

152021.27
13021.27
17953.36
17933.36
17245 .465%
17P45.45
17757.54
17757.54
17¢c¢9.64
1764964
_175E1.7)
17541.73
176493.A82
17463.52
17405.92
17605.92
17316,01
17310.01
17230.10
17230.10 .
17142.19
17142.19
170%4,29
17054.29
16966 .38

INTCGRATED

T0RUS

T6TT.7S
TETT7.IR
7600.23
7600.23
T122.67
T922.67
T7465,12
T44645.12
T36T7.57
T367.57
7290.01
© 7290.01
T212.46
T212.46
7134.91
7134.91
T057.35
T057 .35
s97¢.00
A9T79,R0
6902.2%
6902.25
&0N25 .09
HR24 .29
6747.14

LEAK PATF

REF

DEGC F)

41.%0
41.%0
61,24
61.24
L0 .98
40,98
40,71
40.71°
&0 45
40.45
40,18
40.18
-‘q bo‘
39,91
39.62
39,43
39.36
39.36
319.06
39.CR
38.79
35.79
LY |
38,51
38.22

DRAYWELL

10343.4°
103453.49
10333.13
1033313
10322.73
I10322.78
10312.43
10312.43
10302.07
10302.07
10291.72
10291.72
17201.36
10201.36
10271.01
10271.01
10240.66
10260.656
1020 .30
10250.230
10239.95
10239 .95
10229.60
10229.60
10219.26

VAPDA #A*csS
(PSIN)

0.1299
N_129%
0.1297
0.1257
0.1296
0.129
0.129%
0.1295
0.129%
0.129%
0.1292
0.1292
0.1241
0.1291
0.1290
0.1290
0.1299
0.12°n0
0.1227
0.12806
0.12%6
0.12°5¢
0.1273

sun

12021.27
1°C21.27
17933.36
17932.36
17845.645
1IRGE 45
17757.54
17757.54
L74669.64
116469.,.54
175%1.71)
175381.73
17493.P2
17493,.32
1740%,.92
1740%.92
17318.01
1731%.01
172310.10
17230.10
1714642.19
17142.19
1IN56 .29
17044 .29
16966 .38

VISSFL mFTROD

LL
W rolne
(7LG F°

“1.7)
6L1.73
L1.70
41.70
41.867
Kl.e07
41 .65
4105
H1.62
Ll.82
“«1.L0
41.460
L1.%7
§£1.57
‘lo"e
61.%%
§51.52
6£1.52
L] .4
L] .49
Lh1.67
L1.467
L1.65%
41.446
Ll.42



‘\
¢ - ‘":1L~<»“:
Co . CERS

16=1-]7D JMOEX 112

CaLC 24mn STO DEv
LEAK RATE(PCT) OF SLOPE
2 - S.R204 2% 3706
3 4.6579 12.4319
4 5.8195% e.7907
5 $.3222 £.1522
[ 5.,R19] h.P638
7 £.543) 3.8213
] S.h119 3.1972
B S.633A 2.6630
10 £.3157 2.3070
i1 5.6976 1.9920
12 5.8176 1.7657
13 $.7300 1.5¢L16
14 5.3186 1.407%
15 5.7509 1.2666
16 $.7185 1.1543
17 5.7652  1.0541
18 5.31135 0.97186
J9— el 3753 0.6949
20 5.61€4 0.5317
21 $.782% C.7722
22 5.8134 0.7223
23 5.7586 0.6751
25 S.2154% 0.63%0
25 5.5319 0.6350
26 5.3467 0.6350
0 1i4 IS B2D

SSPCTY CNNF
LIMIT(PCT)
10.2975%
§.4595%8%
2.9¢48
1.93230
1.5%17¢
1.,1¢42
0.95%59
0.7£5%0
0.6718
0.5742
0.%5047
0.4423
0.3970
0.3£5¢4
0.2229
0.2931
0.2692
0.2471
0.228%9
0.2120
0.ie7n
0.185%4
0.1731
0.1735
0.1739

OPERATOR ACTICN REDUIRED TO SIT BAD VALUE TO 0.

AFTF2 FIXUP, SIT IFLAG=0 TO RESUML PROGRAM _ . _

CELNIREIZE 34D RTD

0% SET IFLAG=S TO ABORT PROGRM -
16-1-ATD

113
114
101
120
102
119
103
154
125
106
127
109
109
137
110
111
112
1.8

ROG

100,00
9R .00
93.c0
96 .00
96.00
97.09
98 .00
°9.00
100.00
101.79
102.00
103,00
104.0C
105 .0C
105,00
107.70
107 .60

™

LEAK RaTC(PCT)

CALC 24m7

S.N204
LG.ASTY
5.519%
$.1222
5L191
5.5433
£.8169
St4%36
5.81R7
5.697¢
S«RlPs
5.7300
S.E1°4
£.7509
S.91P5
5.76%2
S.21P5
P 5.5 |
$.91%
£.7329
S.01F4
S. 74664
' 5.R11%
5.9319
. 5.8367

STH Dev

0F SLPPE
25 3T70E
12.4319
R.7907
L.1522
4.RLNE
3.0213
3.1972
2.6639
2.3070
1.9920
107057
1.5615%
1.4074
‘-26(‘6
1.1563
1.0541
0.9718
0.8949
0.28217
N.7722
0.7223
0.6751
0.6350
0.A350
0.6350

Q5PCT CONF
LIMIT(PCT)
10.2974%
4. 4592
2.9 4R
1.9%320
1.%174
‘o‘f‘l'z
0.9559
0.7850
D.ATLA
D.5742
0.5047
0.4%13)
0.3970
0.35%4
03229
0.29131
0.2692
0.26471
0.22n0°
0.2120
0.1978
0.1%5%4
0.1731
0.1735
0.1739



P

et M s
The error enelysis which has been perfocrmed deterrines the relative errc
of the previcusly defined functicns which heve bteen used to celculate tlhe
lesk rate by beth the absolute and reference vessel methods. Relative error
is defined as the absolute error divided by the true value cf the quantity.
The &bsolute errcr is expressed in terms of the unit used and is the ruzerical
difference between the true value of a quentity and the given value &s given

or cbtal ed by meesurement or calculaticn. The percentage error is defined
as the lative error times cne hundred (100)., It can be said that the
true in. :x of accuracy of reasurement is relative error.

A development of the general formula for errors follows:

let N = ¢ (ul. Uny Ugy wees un) | (8)

denote any function of several independent variables Uy, Up,
U3, «sep Up which are subjected to the errors 4 u, au,
Au3. eesy A u,, respectively. These errors will ceuse an
error AN in the functi'on N, according to the releticnship
N+ AL = ¢ (u1 * Ay, u, + Auz, u, + Au3, vyt Aun) (.b)

To Mnd an expression for AN expand the right-hand member by
Taylors' Thecrem for a function of several variasbles. Then

' 4 (v.x1 + Aul. u, + Auz, u, + Au3. ceey u ¥ Aun) =

/ St A ot £
f\ulg ua. eoey \ln) Q'Aul —a——q‘-t —;—u-;—-— W +Aun—al;;+

12 ((Aw)? D2r (Auv® 3% . 2
[ ol -a%*...* A“naf*EAulaf

i ¥ e ' (e)

- ———



€ince the errcrs v, A- S A«. are alweys rel *‘*'e small®, their
squares, products, and Ligher pcwers mey te neglec Then

i+ AN = f (), u,, Ugy wees u )+ Au*-al{ Au:g1

L of
* oo * Adnaun (4)

Subtracting (a) from (4)

.2 Aw, D¢ Av, ., DI Ay, (e) ‘or
AT -ﬁ b 0 3“2 - JE JEPN —%; n

2 Aul 4 2 Auz " & :N Aun (£)
. LR :un
/

which is e general forrmula for computing the error of a funétion. The right
hand member of (f) is merely the total differential of N. For the relative
error of the function N

P AN 28 Awu, N 4V,

- . A—(g)
N :“1 N ;uz N ;u

The equations ised to determine the leak rate and the relative error celculated
from them will 1ow be treated for the absolute method and the reference vessel
method. -

ABSOLUTE METHOD

Mta = Msa + Mda

. lhh!Ps-Psvzvl @ 1Lk (Pd-Pdv)Vd

» Rl's RTd

= W [ (Pa-&’sv) Vs + (Pd-Pdv) Vd]

® A quantity Q is relatively small in comparison with a second
quantity Qp if the ratio is small in comparison with unity. The
squares and products of such small ratios are negligible in most
calculations. .

ro
w
~









waich were

used to calculate the




'

psia
psia
peia

pais

psia

256

(4]
(& ]

l"‘oT’ 3 vy

1.7, 368.00,

1LLT, 38.00,

.1300° °

£a N
-~

£0.00

6C.00

14,7, 28.00, 60.00

14.7, 36.00, £0.00

1L,7, 38.00, 60.70

.1300

.l
3089.52
2316.00

.00LTOL ,

. LOOLTO%,
.00176L,
.0013
.00LTOk,

' ,00LTEk,
00176V,

.0013

01216,
01216,

.00L5€,

01216,
01216,

.00Ls6,

0192

.0192

0192
0152

0072
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