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I. PURPOSE AND SCOPE

The A=erican Nuclear Society (M!S) Standard (Ref.1) specifies u .i-
formt cethods for deter =ining the ability of a reactor contain=ent
structure to retain, within the linits of permissable leakage rates ,
any hazardous air and water vapor. The purpose of this document is
to describe the absolute and reference volume methods to be imple=ented
at PASHY - Fitzpatrick, and the on-line co=puter programs installed to
condition the data, perform the calculations, and control the output.

Leakage rates are reported as the percentage by weight of the original
*

content of air at the leakage rate test pressure that escapes to the.

outside atmosphere during a 24-hour test period. A h-hour initial wait-
ing period vill be allowed before the co==ence=ent of the test to allow
temperature and pressure to co=e to equilibrium. h

,

. .- t

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

_

_ II . ABSOLUTE METHOD |
.

Die absolute method of leakage-rate testing consists of the determinadion
and calculation of air losses by containment structur'e leakage over
2h hours by means of direct pressure, temperature, and moisture . content
observations during the period of test, with the temperature detectors_

'( , properly located to provide an average air temperature. It is assumed

1~ that te=perature variations during the test will be insignificant. The
absolute test consists of subtracting the final mass in the containment
from the initial mass, computing the masses by the ideal gas ~1aw.

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

M'= (P-Pv) V = 1h.696 (1hh) (P-Pv)V.
'

RT 29 92 RT
- .

Where the rightmost identity has the units:

M = lb gas
P (total pressure) - inches Hg
Pv (vapor pressure - inches Hg
R=53.35ftfibf/lbm*F(forair)', T = contain=ent temp 'R

The leakage rate is, then determined by plotting the mass as a function
of time, using a le'ast squares fit to determine the slope, dM/dt. The
leak rate is expres' sed as fraction of contained mass lost per 24 hours |

or symbolically: |'

(1) Leak rate = dM/dt * -24. * 100.
Mo

C -

.

. - j

*

217
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1

,^
(.' when t is elapsed time expressed in hours and Mo is the containment

cass at time zero. Tne sign convention is such that an outvard
lech is p.csitive. Tne mass of air cust be corrected for the nitrogen j

i
added by the tanually operated bleed system which insures a positive
centainment pressure. ' he nitrogen reter is a flow totalizer; thus,
the weight of nitrogen added may be computed and subtracted from the
containment mass as calculated above. Note: Corrents concerning U2
bleed refer only to continuous monitoring of leak rate when plant is
fully operational.

.

III. REFERENCE VESSEL I T 40D '

The reference vessel cethod consists of the calculation of air losses
by observations of the pressure differentials between the contain=ent
structure and a gas-tight reference system loca'ed so as to represent
the average te=perature of the aggregate containment air. That is,
the reference vessels are so placed and are of such a geometry that
they vill assure the temperatures of the contained atcosphere within
a time lag co=patible .to the frequency of data taking.

The reference volume-measurement test differs from the absolute test
primarily in that the mass at a given instant is computed by a differ-
ential leak rate rather than by use of the ideal gas law. That is,

-

(2) M=M 1.-L' to
p 24 -(j

vhere L' is the differential lectk rate (fraction of centained masslost /hr.)
I

b
Again, mass is plotted as a function of time, the slope is' deter =ined' ;

by a least squares fit and the 24 hour leak rate is determined by
In equation (2), the initial mass Mo is computed |-equation (1) above.

by the ideal gas law. t-

|

Derived in Appendix A, the differential leak rate is:
3 ,

I e

j A Pg To- -JPro - (Pyo - Pyg'To)L' = 21f, 1
t (Po-Pyo) 6

where.the subscripts indicate: ,
,

l,
-

R = reference i

0 = initial !
-

and [',

P = pressure differential in H O l
t = elapsed time, hrs 2

-
p

&
L

.

r
-.

,'
r

e
'

r''

'
(
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C
The reference volu=e method (hg 'ation (2)) is used toaccuracy in, determining ".( achieve tore

The containrents are very large (order of
100,000 ft 9 vhich casts doubt on temperature and prThis doubt is censiderably lessened by the inclusien ofessure reasure ents.
volute cr centainer within the main containmenta reference
ment is ceasured instead. pressure, the differential pressure between reference volRather than use absolute

.

terperature follows that of the containmenttemperature detectors is of much less effect becauThe error in temperature measurement by the
u=e and centain-

se the reference system
.

I V.
CORRELATION OF RESULTS

In the Fitzpatrick plant, two contain=ents exist:
chamber) and dry well (or. bulb). torus (or suppression

function of time by means of a least squares curve fitcc=puted separately, added together, and the result corr l t dThe masses for each contain=ent are
,

eae as a,

'

of form:I

y = cx + b

The slope, d(mass)/d(hours) is then used in equation (1) tthe leak rate.
-

total = ass in both contair.ments, i.e. the masses ofThus, the least squares' fit is executed only for th
o deter =ine

the cc=puter program may be easily modified to fitand dry v llare sunmed and;the redult fitted against time
ee air in the torus

If desired,'y
singly and separately.

.

of two basic methods, absolute and reference volumeTwo separate fits are required:each containmentone for each
.

- The least square fits, as described above
to and including, but not preceding, the prior '2h h, use all available data upare co=puted hourly.
exceed 25 (vithout operator intervention).Thus, the number of points fitted vill neverours, where results
leak rate should become more accurate as time progrAs a result, the 2h hr

esses up to 2h hr.
A 95 percent " Student T" confidence level is asso i tleak rate ec=putation.

may be described as 95 percent accurate to within the v lThe leak rate (in percent mass loss per 2h hr)c a ed with each hourlyconfidence level. a ue of the printed-
'

i

executablepar|ts,thefirstbeingthecomputationsthemselvesThe leak rate testing package' is ' divided into two separately
as outlined above.
determined by the real time clock of the GEPAC process contThis piogram is executed once each hour as

,

* ,

, computer.
The other part of.the package consists.of real timerol

which scan the analog input:s and perform the signal conditioniprograms executed at intervals. of 1 minute,10 minutes, and 1 hour
necessary to store the necessary engineering reading into the comng
puter memory.

These readings must be used by the main leak rate
- -

program, and therefore should be as up-to-date as possible when thILRT program is executed.-
O In particular, analog readings from thee

,

l
,

=
.

*. . 4
. '
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Becknan P.AZ-870 noisture analyzer require a 5 ninute cycle to assenble
the necessary readines. An analy:cr routine nust therefore be executed

_

'
,,

5.5 to 5.0 ninutes prior to the execution of the ILRT progran.

V. EOUIPME';T

a. Temperature Sensors:

A total of 18 RTD's are provided as follows:

16-1-RTD 113 and 16-1-RTD 114 are located in the torus and the
remaining 16 in the dry bulb. All RTD'S are arranced in pairs to ,

provide an averace temperature for each arbitrarily assicned zone
of containment volume. Zones 0-7 are located in the dry bulb and
Zone 8 in the torus. Each RTD pair is averaged: the resulting
averages are multiplied by a volume weightine factor assigned as
the fraction of total volune represented by each :one. 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 .Weicht factor

Suppression chamber (tortis) g

1.0113 8 (Torus) -

#' 114

:

Dry well (Bulb)

101 0 (Vent Header) 0.1133
-

120

102 1 (Dry Well) 0.1652
*

119
_

103 2 (Dry Well) 0.3560
104 . ,

i
'

.
,

105 3 (Dry Well) 0.1313
106

I .

107 4 '(Dry Well.) 0.0470.

108 *
.

109 5' (Dry Well) 0.0534
, *

117
.

'

110 6 (Dry Well) 0.0715
111

112 7 (Dry Well) 0.0621'

,

118 . ' ' '
,

| .
.

|
*

. *-

| -
,

..

o .
*

.

.
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ILRT ANALOG INFUTS

'd COSUTIR l'EASURING
INSTRUME:IT LOOATION POIHTI., UNITS

16-1-PI-103 TORUS REF VESSEL M093 PSIA
16-1-PI-101 DRT4 ELL REF VESSEL M096 PSIA
16-1-RTD-113 TOR AREA 8 M095 DEGF

16-1-RTD-114 TOR ARFA 8 M102 DEGF-

16-1-RTD-101 E1L ARIA 0 M103 DEGF
16-1-R E 120 M E AREA 0 M116 DEGF ,

16-1-RTD-102 DWLL AREA 1 M084 DEGF

16-1-R E 119 % E AREA 1 M115 DEGE
16-1-RTD-103 L1L AREA 2 M085 DEGF
16-1-RTD-104 &lL AREA 2 M086 DEGF

16-1-RTD-105 % E AREA 3 M087 DEGF
16-1-RTD-106 M'LL AREA 3 M088 DEGF
16-1-RTD-107 D7LL AREA 4 M089 DEGF
16-1-RID-108 DWLL AREA 4 M090 DEGF

~

. 161-RTD-109 % E AREA 5 M091 DEGF
16-1-RTD-117 WLL AREA 5 M0113 DEGF
16-1-RTD-110 DWLL AREA 6 M092 DEGF

'

16-1-RTD-111 M E AREA 6 E093 DEGF
16-1-RTD-112 % E AREA *7 i M094 DEGF
16-1-RTD-118 % E AREA 8 M114 DEGF

*

,

LRT MOIST AZ PUL OF MODE Mill PPM
. LRT MOIST AZ .FNL STRM ID M112 PPM
( 16-1-MAZ-101 TORUS ILRT M106 PPM

HUMIDITY
16-1-MAZ-102 DRTJEll ILRT ~M069 PPM

HUMIDITY
BAROMETRIC PRESS F125 IN HG
16-1-dPIT-102 REF VES TO TORUS- M101 PSID
16-1-dPIT-101 REF VES TO DRTJELL M100 PSID
16-1-FI-104 TORUS PRESSURE _ -M099 PSIA
16-1-PI-102 DRYWELL PRESSURE M097 PSIA

|
'

.

*
:

. e '
*

.
,

a

't

*
e

. .

.

.
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'
'

,

. -
,

C
'

:--

|
* *

'.,
-

-.
, ,

"
- 221.

-
..

'

__ _ _ ,- ,



, . .

. '

'
.

(- If the two zone te=perature readings differ by core than + 2.0
c.

degrees F, it is assumed that at least one RTD reading is faulty.
Faulty readirgs are ccrrected by the operator by removing the point
from scan and inserting an arbitrary value of zero. Refer toAppendix C, Operator Guide, for details. To allow the operator to
accccplish this, the program is put into a vait state and the required
action is printed on the progra= er's typer. This action vill consistof suppressing the standard action keys on the operator's console. Inaddition, the operator cay wish i;c de-energize the RTD in error. After
the operator has acted, the program is continued by inserting a 0 intoa computer point called IFLAG. (See Section VI(a) - Program). ~

b.
Pressure and Pressure Differential Sensors:.

Total pressures (psia) in the contain=ents .and
reference vessels are converted from analogreadings as follows:

(These conversions were
originally coded into the ILRT program. On- * *

site at PASLT, conversions vill be handled by
.

GEPAC syste= subroutines)

- P = Reading (70./100.)

1.e. 0 - 100. My corresponds to 0. - 70. psia

O* Differential pressures (psia) are converted as fo], lows:
P = Reading (5.0/100.) -

1.e. 0 - 100. My corresponds to 0. - 5.0 psia

Barometric pressure conversion:
*

.

Barom (inches Hg) = (Reading'- 16.)/6h. (30.*0)'
1.e. 16 - 80. My corresponds -to 0. - 30. in. Hg|

Moisture Analyzers (Beckman Model 870)c.

?
The Beckman moisture analyzers provide a read'ing of
parts per million (volume) of water in the containmentvolumes. The analyzer is set up to measure 5 sample
streams which represent 5 definite volumes within the*

total containment (torus and dry bulb). The instrument
has an internal timer which switches streams at 1 minuteintervals. 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

16-MAZ-101 and 16-MAZ-102 are both capable
are present:

of measuring streams Nos.1-5 selected continuously. In

O
.

.

m

e

.
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addition, analyzer 101 r.ay be set up to recsure only
s+ = 7o. 1 vith analyzer 102 reasuring streans 2-5 selected'

.-

f centinuously. Tnus, three redes of operation are possible:

1. Both analyzers in operaticn: 16-t%Z-101
=easuring stream No. 1, 16-!%Z-102 teasur-
ing streans 2-5 continuously (normal code)

2. Only 16-!%Z-101 in operation, reasuring
all 5 streams selected continuously

3. Only 16-!%Z-102 in operation, ceasuring
*

all 5 streams selected continuously

i These modes are identified by an operator selected mode switch which
produces a 20, 30, ho =a signal for codes 1-3, respectively. To

| determine which stream is under analysis (in the case of continuously
selected streams), a 1h,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 =a range which translate to 16-80 mv using a 1.6 chm

.
resistor. The partial ~ pressures of the water vapor in the two con-
tain=ents (torus and dry bulb) are computed from the stream values
of ppm by volume as =easured and a volume veighting factor. The
weighting factors are assigned to account for the fractional contain-
ment volume represented by each strehm, as follows:

Zone Stream Weight factor

k. 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
h (Dry Well) 2

-
0.1783

5 (Dry Well) h 0.12h9- .

6 (Dry Well) h -

. Since the 2h hr, leak rate test program is to be executed once per
hour, a routine' to secure tlie proper moisture values must be
executed at least 5 minutes prior 'to the execution of the main- *

program. That is, a minimum of 1 minute per stream is required
to adequately liandle the tiar,sient data. Maximum accuracy is
achieved by executing the mo,isture content routine at 5 minute,

intervals and arranging tlie interval to begin 2.5 to 3.0 minutes
prior'to execution of the ILRT program..

.

~

O-
-
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,
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f' The ILRT progrc= is set up to accept the signals for nodes, strean,
', and ppsv readings and convert these reedings to the. desired partial-

pressure of water vapor in the containment. An error of +h.0 na is
accepted for the mode readings, while an error of +1.0 ta is accepted
for the strea= identifications. If these errors are exceeded, the
stream or mode with least total error is selected. Ecvever,.an on-
line warning is printed on the prograrner's typer when this occurs.

The conversicn of the noisture analyzer reading in :rt to parts per
million by volume is:

ppsv = (Reading - 16.)/64. (15,000.)~*

*

i.e., 16. - 80 mv corresponds to 0. - 15,000. pprv
..

Parts per tillion by volune is converted to partial pressure | r.
1|'(psia) by: .- I.

''

~P (H O) = (ppsv/(1.E6 + ppsv) * (P total)'
2.

. i

+ r

- VI. COMPUTER PROGPJ.M t
'
.

. i

Required cc=putations (in sequential order) / !a.

1. Initial mass: Suppression cha=ber and dry well
.

Mso = 1hh, (Pso-Psvo) Vsw-

( R Tso i

.

V = 1kh. (Pdo-Pdvo) Vdg
R Tdo

(pressures in psia)

2. Differential leak rate: suppression cha:ber and dry well,
T-~

so
sv Ts )T - (P -P

s7 _.AP
2h. l' AP so sv-L'- = srosr

sVo)t (P -P 3so _
.

- -

T

L' g= 2h. 1 AP h, AP - (P -P d)g g dvo h
t. (P ~

do dro d_ _

.

\
'

-
l

!O |
'

t
i

|

-
-
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3. Mass as ce=puted by reference volu e method (current):^

;
1

M = Mso (1.-L'sr * t/2L.) j

'

M =Mdo (1.-L'dr * t/2h.)g

4 Mass (by absolute r.ethod) at current time:

Msa = 1hk. (Ps-Psv)Vs Mda = 1hh.(Pd-Pdv)Vd
RTs RTd .

' 5 Totals:

I

| Mtr = Msr + Mdr
I

Mta = Msa + Mda,

_

'

,
6. Least squares fit of Mtr vs t

and Mta vs t : -

.

let y = mass ., m=s1Qpe
x = time , b= intercept

n = no. of data p',ointsg
s.

<.

n I xy I x Iy
, ,,

m= dMtr dMta =

dt dt MIX - (1 x),

.

'

_

b = [y Ix IXIYv
n Ex - (Ex)a

.

.

Std. deviation .='* I P /(84 -(fx) /n) 'm =
i;. ..

| .

f(y _i)21 1/2where' (T" = (.Vai a,nce) =

n-2 ,
. .-

*
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The " Student T" 95 percent confidence level is a function of the standard
deviation and the total number of sanples i.e.

95 percent. confidence = q (+2h00.) f(n)
Yo

(expressed as percent by weight leakage rate)

where f(n) is fitted using data from statistical tables:
2

f(n) = 1.95996 + 2.37226/n + 2.8225/n .

'

.

-
.,

95 percent confidence level = 2.06 g.,
Note: I

(Student T for 25 data points)
,

;

.;; .

Fits vill begin at N=3; data vill be a maximum of *

Note:*

2h points (1 day); the most recent 25 points vill be con-
sidered'i.e., when data for 2h . hours. is collected, the

-

*
~ ;

, earliest point vill be discarded. 4

Fractiori of total containment mass lost / day: /7

-

Ltr = dMtr/dt #24.
Mto(, -

,

h

Ltd = dMtd/dt #24.
. .

I-

?Mdo .

.
*

&
"
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I;C!CCLATURE
.

,

%

Subscrints:

S - suppression chamber (or torus)
D - dry well (or bulb)

,

0 - initial values
R - reference volume method

.
.

A - absolute method
T - total e

Variables:

i

M - mass air in containment,1b -

I

t - time, hr
,

- p - total pressure in containment,. psia
.

pv - vapor pressure in containment psia ,

p - differential pressure betweeri, reference vessel
r and containment psia

T - te=perature,'R
L' - differential leak rate computed for reference

volume method (frac 1! ion of contained mass lost / hour)

V - containment volume, ft 3
.

R - gas constant, air 53.35 ft Ibf/lbm *R

L - 2h hour leak rate, computed from least squares fit of
M vs t, fraction of containment mass lost / day.

; . .

Organization a|nd Flow Chart
'

b.

|A list of subroutines and'a flow chart are attached. Appendix B
contains definitions of program variables. Program control..

through the operator's console is accomplished by manipulation
of the variable IFLAG. ~

.

.

The computer point designated IFLAG will at any given time 'contain
an integer which determines the mode of ILRT program operation.

,

This integer is set by the operator and allows him to control pro-
gram execution as followsi

,,
.; o - --.

.
.. ..

\ .
. * a

*-
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*
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Value of IFLAG Result
.-

I,

-f 0 Normal Operation
.

1 Reinitialize program

3 Reinitialize, setting t=0
4 Minimum output (1 line)-

.

5 Provide short printout
(current hour)

I
6 Provide long printout,

(latest 24 hr)
(

8 RTD error '

.

9 Abort program-

'

When the program is started or reinitiated, the variable IEDIT is set'

to 1 and the PRIHT subroutine subsequently outputs an abbreviated data
set consisting of leak rate, confidence leve3,, and the moisture readings
for the 5 strea=s corresponding to the 5 containment volumes (k in drywell + torus). Thus, normal output vill always b'e of this abbreviated |form.. *

-

( To obtain output as depicted in Appendix C, that is, complete data and
i

calculations, it is necessary for .the operator to set IFIAG to 5 or 6.
If IFIAG = 5, the variable IEDIT is set to 2 and 'only the data and cal-
culations for the current hour are printed (short' form). If IFIAG = 6,
IEDIT is set to 3 and data plus calculations'are printed for 24 hours
(or all output available up to 2h ' hours). *

Re~fer to Appendix B-VI for more @ tail. '.!

The program sets the computer point IFIAG equal to 8 whenever an RTD
reading is detemined false. After operator action (as outlined above),
resetting IFIAG to 0 vill cause the program to resume.

Beinitialization consists of resetting the values for initial mass,
pressure, vapor pressure, and temperature in the containments, and

,

initial pressure difference between containment and reference volume.
.

The computed leakages (See calculations - Appendix A) require these
initial observations. In addition, since only the most recent 24-hour
period of test is printed, the program arrays which contain the hourly
readings must be compressed so as to reflect the more recent hourlyobservations.

.

Usually, the test is started at arbitrary hour O. and all subsequentQ readings are tabulated in increments from time O. hours. If the pro-
gram is reinitialized using ITYPE = 1, however, the initial time is

\

.

e *

g 4-

e
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7 set to the current time and all subsequent readings are tabulated in
increments frc: this new initial tice (not equal to 0. ). The only
difference between ITYPE = 1 above, and ITYPE = 3 is that the latter
resets the initial tire to 0. and resets the subsecuent times of
observation relative to 0.

.
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(A SUBRCUTINES:

/
1. Main program - All flev chart logic, including the compression of data

when arrays are full, or during reinitiali::ation.

2. MASS - Cc=putes tass of air in ' torus and in the dry well and the total
= ass in both contain=ents. This is done through the perfect gas lav

(absolute method) and through the differential leak rate co=putation
(reference volume method).

.

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

t

|

h. EL - Computes saturation te=perature in deg F given the saturation
pressure on the water - water vapor saturation line. It is used to
: compute the dev points within the torus and dry bulb containments as
functions of total pressure.

,

S. ' SETUP - Perfor=s signal modifications .to engineering units for all
process variables. Also, accuracy checks are performed on all RTD

'

readings.
,

6. ANALYZER - Performs signal modifications for process variables
connected with moisture analy*zer. Accuracy checks on analog mv
readings are perfor=ed. /

.

.J 7 PRINT - Outputs data and results in EPA approved format.
(
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GEPAC System - Subroutines and Reserved Variables-

( INHIBT, PERMIT - GEPAC routines which inhibit and pemit interrupts,
respectively. These routines in the IIRT prcgrr.= are needed to
avoid interrupting the GEPAC tirer when delay tires are being
co=puted.

BEGQUE, ENDQUE - GEPAC routines which start and end the placement
of output messages into a queue. These routines are used in the
ILRT program to avoid computation delays.

*
.

PANFUN - panel function number (on console)'
.

NPRIO,- program priority nunber

IUNITD - console activity flag

1 (console in use) -

*

0 (console not in use) *

NOPTC (identical to-IFLAG program variable)
,

.
This operator function takes its input from the
console. In GEPAC programs, to check NOPTC,
IUNI.TD must be set to 1; after checking NOPTC
in the ILRT program, IUNITD is set to O so that

_ other programs may be executed from the console.

([.
) .

NTA - Output device logical unit designation for alarm typer -

%
TIME - GEPAC time counter; time is measured in terms of digital

counts, 0 5 second/ count (mod 7,200 seconds /hr)

<
.

1.

- 1
-
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APPE'! DIX A
'

!

|

| DERIVATICt! 0F DI. tree'.TIAL LEAE RATE BY REFEREI CE VOLUIS !'ETHOD

Tne fractional leakage rate:
T T- -'

L' = 1 (APo - api d) - (P,3-Pyi _) (1)
P -P Ti Ti

_

is developed belov based on the pressure differential between containment
'

vessel and reference volune as defined: AP =P -P
,

. .

AP =P -Pri (2)
'

'

g g g

l[:
Note that care cust be taken to insure that the containment pressure is, . j
higher than the reference volune pressure at the start of the test. If
this is not true, equation (1) must be modified by reversing the sign.s.

of AP and AP . For exanple, a leak in the containment volume . night cause
this situation. The derivation of (1) is found in reference (1) below. '

- The steps in the derivation are: !
,
I

Express values of 'P in equation (2) by ideal gas [lava.
and rearrange to solve for M, and M .1

.

( b. Fom the ratio, Fg,- Mi and replace Mr and Mo
< .c ,

by Mr= Pro rY and P, = PoVo
RT RT -

ro o ,

c. If the temperatures in the reference vessel and the' con-
tainment are allowed to equali'ze, then To = Tro and Ti = Tri.
The result is:

-

_ .

'

Mo-Mi , g ( APo api) j
Mo Po To Ti

d. Correcting for papor pressure, P is replaced by (P-Pv) and |equation (1) results. |

.

Ref (1): Proposed Standard for Leakage-Rate Testing for Containment
Structures forINuclear Reactors - Amer. Nat. Std Nk5.h*

l '

*

(Amer. Nuclear Soc. Standards Committee, September.15,1971) '

.
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_ APPENDIX B

(

FORTRAN VARIABLES

,

I. Initial values ( at t = 0.)
PS$ - Pso, initial total pr' essure, suppression chamber

~ PDd - Pdo, initial total prdssure, dry bulb
.

PSV@ - Psvo, initial vapor pressure, suppression chamber

PDV$ - Pdvo, initial vapor pressure, dry welli

TS@ - Tso, initial temperature, suppression chamber

i DPSR$ - Psro, initial differential pressure between ref.
volume and suppression chamber

.

. DPDR$ - Pdro, initial differential pressure between ref.
'

volume and dry well

YMdS - Mso, initial mass air in tod

YP[D - Mdo, initial mass air in dry well,
,

b'
WTN2f-W Weight of nitrogen added to system atu

n2 time 0. (from totalizing meter)

II. Current values

Time - t, hours elapsed since, test started '

PS,PD - Ps, Pd, total pressure, torus and dry well

PSV,PDV - Psv,Pdy, vapor pre,ssures, t,orus and dry well
; '

.

TS,TD - Ts,Td, temperatures, torus and dry well

Par |,DPSR, DPDR - Pdr, differential pressures between ref. volume
and containment, tor,us and dry well

..

BAROM - barometric pressure, ' inches Hg

DEWPTD - Dev Point, dry well.'.
t

DEWPTS - Dev point., torus -,

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

h ' , ,
'

-
.

,

'. ,

. RLEAKS L'ar, Differential leak rate from torus, fractional loss
of mass per hour.-

*

,
' ''
-

. .,

O ~

.
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FLEA D L'dr, Differential leak rate frem dry well, fractional ics:'-

,'

( of mass per hour

TAVER(i),1=1,9 - Tav, average of the 2 RTDS located within each of the
9 :ones of the centainment volure

IMODE !' ode of moisture analyzer operation
.

1. Both
2. 16-MAZ-101 only *

3. 16-:'AZ-102 only
(See moisture analyzer section for details) .

ISTRM Nu=ber designatien of stream (1-5)

1 Torus -

*

2-5 Dry Well ,
,

N Counter for index of number time steps in current leak
rate evaluation

,

II'I. Stored Results (dimensioned for maximum.of 26 time steps or 26 hours)

Rate (1,j), j=1, 26 dMta/dt, rate absolute method

Rate (2,j ), j=1, 26 dMtr/dt, rate reference volu=e methodp ,

(
- VAR (1,j), j=1, 26 Variance of least squares fit, Mta vs t,

absolute method

VAR (2,j) j=1, 26 Variance of least sq ares fit, Mts vs t,
,

reference volume method

STDM (1.j), j=1,26 Standard deviation of fit, Mtr vs t,

absolute method. Units: lb /hr

STDM (2,j) j=1, 26 Standard deviation of fit, Mtr vs t,
reference volume methqd. Units: lb/hr

CON (2,j),j=1,96 95 percent confidence level based on
number of observations.

PBAR (j), j=1, 26 Barometric pressure **

RTD (18,j) j=1, 26 RTD temperature readings

XTIME (j), j=1, 26 Time, hours
,

PPMV (i,j), j=1,26 Parts, per million by volume of moisture
in stream i, where i = 1,5

'
.

-

_
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[g YMASS (1, j), j=1, 26 Msa, l' ass air in torus , absolute

Yl! ASS (2, j), j=1, 26 Mda. , Mass air in dry well, absolute

E! ASS (3, j), J=1, 26 Msa + Mda, ttoal cass, absolute.'

Y!! ASS ( h , j ), j =1, 26 Msr, cass air in torus, ref. volume

Yl! ASS (5, j), j=1, 26 Mdr, mass air in dry well, ref. volure

YMASS ( 6, j ), j=1, 26 Msr + Mdr, total mass, ref, volure
-

'

OUT (1, j), j=1, 26 Ps, total pressure, torus'

.
.,

OUT (2, j ) ,. j=1, 26 Pd, total pressure, dry well g;.t

OUT (3, j), j= 1,26 Psv, vapor pressure,, torus .; I

-

OUT (h,J),,j = 1,26 Pdy, vapor pressure, dry well> , -

, -

.
,

,'OUT (5,j-),, J = 1,26 Ts, temperature, torus ;- -
,

iOUT (6,J),,j = 1,26 Td, temperature, dry well

OUT (7,j),.J = 1,26 Par, pressure, differential reference
*

. volume and torus

OUT (8,j), J = 1,26 Pdr, pressure, differential reference'- '
volu=e and dry well

OUT (9,j)..J = 1,26 Par, pressure, reference volume, torus

OUT (10,j), j = 1,26 Par, pressure, reference volume, dry well .

OUT (11,j), j = 1,26 Dev point, torus
,

OUT (12,j), j = 1,26 Dev point, dry well

OUT (13.j),.j.= 1,26 Nitrogen bleed, lbs (total added)

D10 (1) f Ba, intercept of L. S. fit of Mta vs t,
absolute method

,
~

.

YM$ (2) Br, intercept of L.S. fit of Mtr vs t, ref.

volume method

.DMDT (1) Ma, slope,dMta/dt *

DMDT (2) Mr, slope,dMtr/dt

Nitrogen bleed, Ib. (total added)WTN2,

C bleed added to con-WTCOR(j), j = 1,26 Cumulative weight N2
tainment from time base (N=1) 1.e. from

- time XTIME(1)
-

e

e
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{ IV. Fixed values: ;
-

VS, VD VS,VD, volumes of torus and dry well
i

WT (i), i - 1,9 Volume weighting fcetors for teaperature

measurecents in 9 zenes of volume

WAN T (1), i = 1,5 Volume weighting factors for moisture
measurements in 5 moisture analyzer streams

R Gas constant foi air, 53.35 ft ibf/lbs R

V. Within the setup subroutine, which accepts the real time analog readings -

into Fortran variables by means of equivalence statements, the following
define unprocessed signals:

TREAD (1), i=1,18 Current scan of 18 RTD'S (degrees F)

PSREF Current scan of reference vessel
l pressure in torus (mv)

CFN1 Nitrogen bleed, cu ft (total added)
.

PDREF Current scan of reference vessel pressure
; in dry well (mv)'

() XI! ODE Current scan of mode switch of moisture
analyzer (mv)

('
XSTRM Current scan of stream ID of moisture

analyzer (my).

XRDG1 Current scan of moisture reading
*

,

(16-MAZ-101),mv
, ,

XRDG2- Current scan of moisture reading
(16-MAZ-102),mv

BARRD Currept scan of barometric pressure, mv,

CTIME Current time, hours

PSVPR
-i

Current scan of total pressure in torus, mv-

*..

PBULB . Current scan of total pressure in dry well, my,,

DPSREF ,'' Current scan of differential pressure between
*

torus and reference vessel, mv*

,

DPDREF Current scan of differential pressure between
-

dry well and reference vessel, mv

uO .

IDUM!E Current scan of operator set program control
, ,

'

'/ variable. This value vill be set as an
'

integer (0-9) (See IFIAG below)*

,,
~

'
*.. ..

. q

' ~

, ,

' '
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VI. Manually set variables:<

(
*

- ( 1 - Abbre' dated output ) As set
IEDIT ( 2 - One hr output ) by I FLAG

( 3 - 2h hr (or max. output) belev

IFLAG 0 Normal operation of IRLT progra=
'

1 Reinitialize IEDIT = 1

3 Reinitialize, setting t = 0.

'

k Provide abbreviated output
.

(1 line containing rate, cent. level,

moistures) .70/7 r.f..

5 Current outptit ( 1 hr) - 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 manually setting. IFLAG = 0.
If program is running normally or being reinitialized. (i.e. ITYPE = 0,
1, or 3) IEDIT is set to 1 and the output vill be of the abbreviated *

- form. (See Section VI-a for details).'

i

!
~

.
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' APPENDIX C

Operator Guide

The precedure for starting the ILRT program is as follows:

on the GEPAC 1.030 console,

l') Dial into location labeled " FUNCTION" the value 29'

(Function switch 29)
,

*

2) Dial into location labeled "IESER," the value 0 .
-

(This is the program value for ITYPE). .,4

3) Press the " ACTION" button h
!.

After starting the ILRT program,'the program may be reinitialized by the same
procedure as above except that ITYPE (" NUMBER" dial) is set to 1 to re. initialize-

with the time variable automatically reset to 0. Follow the above procedure with
*

ITYPE = 3. ',
., . .

When the program is started or reinitialized, an abbreviated, shortened set hf*

results is printed (leak rate, confidence level, and moisture analyzer. readings
only). If complete output is desired, i.e. all measurements and calculations,
perform the start program procedure as above with "HUIGER" dial set to 0; then

I repeat the procedure with "?E SER" dial set to 5 or 6. Note: ITYPE = 5 produces

output for current hour, ITYPE = 6 produces a log of the output' for the prece, ding
hh hours (or less than 214 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
"vait" state of 30 seconds duration pending operator action, and internally sets
IFLAG = 8. As long as the value of IFLAG remains 8, the program vill continue in
the wait state. That is, in order to continue the program, the operator must dial
another value on the " NUMBER" dial (usus11y 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 co=puter point number corresponding to the bad
RTD on the GEPAC console.

.

b) Manually dial n a corrected observation ( in deg F) using
" INPUT" dial

c) Remove the computer point from scan (by depressing " REMOVE *

SCAN" button on console) and insert 'new value (by depress- * *

ing " INSERT" button). This new value vill remain constant
in the computer until it is changed manually or the RTD
computer point is returned to SCAN (a console push-button

f is also provided for this purpose).
< .

.

ma

O *

.

b



- . .. _ . . - . .. .

'. ..,,
.

. .

f\

( 2) Same as above except dial in a value of O. instead of a
( corrected observation. With this procedure, the scanned '

,

reading vill be ignored. For exanple, each of the 9 con-
,

tain=ent volunes contains.2 RTD's which are averaged. If
one of these 2 E3's reads 'O. , it vill be ignored and the
" average" vill consist only of one good reading.

Caution: After the operator breaks the conpute,r out of the WAIT state,
no further corrections vill be possible. Therefore, all

; corrections must be made before proceding.
o

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

I
i j For further details, see Section-VI and Appendix B-VI of

I docunentation.
I .
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e6888 JAFNPP-1 14 PSIA . d .TE TCST AFTER 8.00 |(R$ ***** , . .''
<

4.

TOTAL RATE 95 PCT COteF MOISTURE READING STREAfts - PPMV VOL,UME ,
.

(*CT/ CAY) IPOT/ DAYS A B C D E
-

.

5.4169 0.9L59 9375.00 9375.00 9375.00 4375.00 ,9379.00 .

*S.1139 0.9f59
.

14-1-RTO INDE X 113 04 114 15.0AD
.. .E,PER AirR ACTIGra ftECUIREO in SET SAD VALUE T0.0. .. . . . . . . . . . . .

AFTEA FIXUP. SET IFLAG=0 TO RESUMD PROGRAM *

OLENTP.GIZ E P.t.D RTO
*

. . . . . .

' OR SET IFLAG=9 TO ASCAT PROGRAM
*

.

.. . . . .. -. . . .-
*

16-1-RTD RDG .f .-
, c

113 100.00 -
<

*EXAM PA P =**

114 9P.00 .

1 101 93.00 *

/\G GRB 9T.hTL'b OuT907
| 120 94.00 . . . . .. .

*-* -

102 95.00 ~t*hTT = 1)119 C6.00 .. .. (*T.F t. k G = .l. 3 .1. .

*
103 97.00
104 91.00 ,*

.
-

105 90.00 -

-

106 100.00 .

j . 107 101.00 *
*,

108 102.00 . . ...

I ,o . 109 103.00 * -

.

o 117 104.00 *
.

~ ." 110 105.00
* .

111 106.00 . g .
.

112 1G7.00 *

J18 10$.00 .
,

. ,
. .*.

.

.

*
.

4 *

.

. = *
.

*
. . ., .

. .
,

. .

* *. .

.

L . g * * * . O .

* . * . . .

*

! . . . . . . ... . . . . _. . . .. . .

j *
.

. . *
.

* .
2 ., .

. . .

O .

* .

6 . .
*

g

.
*

.
*

* e

.
* ..

..
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***** JAFNPP-1 14 PSIA tra if TEST AFTER 9.00 lats **J++ , ,

RFF.0WG 11025-FM . . AND Fv.-IRA
-

*

fXA/9/4 C.* ON(,. OVl'PV 7 *

TEM *fRATURE (OrG F1 16-1-9TO-/A1F4

HMS 113/A 114/8 101/1 120/1 102/3 119/1 101/7 104/2 105/3 106/3 107/4 100/4 109/5 117/5 110/6 111/6 112/7 1 1 ''/ 7*

,
- ,

O 100.00 #3.00 93.00 94.00 95.00 96.00 97.00 90.00 9'* .0 0 100.00 101.c0 102.60 103.0a 304.00 104.00 106.00 107.00 109.00
l' 100.00 93.00 93.0C 94.00 95.G0 96.00 97.C0 90.00 90.00 100.00 101.00 107.00 103.00 104.00 105.00 106.00 10 7.6G 10?.00
2 100.00 94.00 's3.00 94.00 95.00 96.00 97.00 93.00 99.00 100.00 101.00 102.00 103.00 104.00 195.00 106.00 1r 7.0c Icr .0 0
3 100.00 **.00 43,00 94.00 05.00 96.00 07.00 98.00 90.00 100.00 101.00 107.00 103.00 104.00 10%.60 106.pn 107.06 10e.61
4 100.00 98.03 93.00 94,00 95.0D 96.00 97.00 0.9,00 99.00 100.0b 101,00 107.00 103.00 104.00 10S.00 106.06 107 00 te9.00
5 100.00 93.00 93.00 94.00 95.00 96.00. 97.00 9n.00 99.00 100.0G 101.00 102.00 103.00 104.00 105.00 10o.00 107.00 103.00
6 100.00 98.00 93.00 94.00 95.00 96.00 97.00 9P.00 99.00 100.00 101.00 102.00 103.00 104.00 10c.00 106.00 107 60 1GE.00
7 100.00 98.00 03.00 94.00 95 00. 96.00 07.00 a3.00 99.00 100.00 101.00 102.00 103.00 104.00 10".,00 106.00 107.00 108.00
8 100.00 9d,00 93.00 94,C0 95,0Q 96.00 97.C0 06.00 90.00 100,00 101.00 107,00 103.00 104 00 105.00 106.00 107.(0 10a.00
9 100.00 95.00 93.00 94.00 95.0C 96.00 ' 97.00 98.00 99.00 100.00 101.00 102.00 103.00 104.00 105.00 106.00 In7.co 10a.G0'

HRS AVE T(M7 PRES $URES (PSIA) 8ARDMETA.!C

TORUS ORYWELL TORUS OtYWELL PRESS 9EE ,

TOTAL REF VOL 'DP TOTAL REF VnL OP It.CHES HG

- (P1-1C4) (P1-103) (OP1-102) (P1-102) (P1-101) (GP1-101)*
'

O 99.00 ~~95.!> --. 14.00 14.00 .0.0 14.00 14.00 O.0 28.50*

1 99.00 93.55 14.00 14.00 0.0 14.00 14.00 0.0 26.50

2 99.03 98.55 13.86 14.00 0.1400 '13.99 14.00 0.0140 '21.50
*

3 99.00 98.55 13.E6 14.00 0.1400 13.99 14.00 0.0140 21.50

*

5 99. 00 98.55 13.72 14.00 . 0.2300
13.97 14.00 0.0210 2P.50~

4 99.60 98.55' 13.72 14.00
0.2800 13.97 14.00 0.0280 28.50

m 6 99 .00 98.55 13.5S 14.00 0.4200 13.96 14.00 0.0420 28.50

09.00 99.55 13.58 14.00 0.4200 13.96 14.00 0.0420 2a.50
N 7 .

14.00 . 0.5600 13.04 14.00 0.0!60 26.50
8 99. 00 93.55 13.44

. |14.00 0.5600 13.94 14.00 0.0560 20.50
,

.

9 *97.00 99.55 13.44
.

* .
. . . - . -.

- t:0!STURE RE ADINGS TORUS ORY; ELL

HR$ P9M Y?LUME FDA STREAMS A-E VAPOR PRES DE9 POINT VAPOR PRES 004 POIr4T..

A 8' C D E (PSIA) ( OEG F1 (PSIA) (OEG F)

0 9375.00 9375.00 9375.00 9375.00' 9375.00 0.1300 41.76 0.1300 41.75
~

1 9375.00 9375.00 9375.00 0375.00 9375.00 0.1300 41.76 0.1300 41.75

2 9375.00 . 9375.00 9375.00 9375.00 9375.00 0.12n7 41.50 0.1299 41.73

3 9375.00 9375.00 9375.00 9375.00 9375.00 0.1237 41.50 0.1299 41.73 -

4 9375.00 9375.00 9375.00 9375.00 #375.00 0.1274 41.24'' O.1297 41.70

5 9375.00 9375.00 937!.00 9375.00 9175.00 - 0.1274 41.24 0.1297 41.70

6 9375.00 9375.00 9375.00 9375.00 9375.00 0.1261 40.*9 0.1296 41.67

7- 9375.00 9375.00 9375.00 9375.00 9375.00 0.1261*s 40.98 0.1294 41.67

8 9~75 00 9375.00 9575 00 9375.00 9375.00 0 1248 40.71 0.1295 41.65 ..

0.1295 41.65
9 9375.00 9375.00 9375.00 9375.00 9375.00 0.1248 40.71 .

,.

MASS AIR 1r4 CONTAINHEr4TS - LOS.

IDEAL GAS LAW - 9EF VFSSEL METHr0
-

HRS TORUS ORYWELL SUM TORUS DRYHFLL SUM

.0 7755.33 103'53.84 18109.17 *7755.33 1 351.94 IF104.17

- . 1 7755.35 10353.R4 1A109.17 7755.33 10353.A4~216107.17.

2 7677.76 10343.49 10021.27 7677.79 10341.49 *19021.27
* 3 7077.7S 10343.40 1)0?!.27 7A77.79 ' -10343.40: I P 021.' 2 7

4 7600.?3 10333 13' ~17413.36 7e00.?3 1033T.13 17033.36 .

5 7600.23 10333.13 17933.36 7600.23 10t33.11 17913.36
6 75??.47 10372.78 170'.5.45 7522.t.7 103??.7R 17n45.45
7 75??.67 10327.78 17945.45 7522.67 103??.*l5 I ta 4 5.45

-
*

0 7445.1? 10*,12.43 177..7.54 7e.4%.12 103!?.41' 17157.54

9 7445.l? 10'e l ? . .1 17 t '.7 . '. 4 744%.17 103tp.43 l i ta.7.t 4
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0NG IN. T EGR AT F D
X ' TATE .

.
* .

.

REF VESSEL ttETHn3
'A050 LUTE HETHOD

HR5 CALC 2%H*t $1D DEV 95 PCT CONF CALC 24PR' ST0 DEV 95 PCT Cor:F

LLAK RATC(PCT) I'F SLOPE LIMIT (PCT) LEAK Rt.TF(PCTI OF SLnPE LIMIT (PCT).

0.0*

O 0.0 0.0 0.0 0.0 0.0 ~ ~
~0.0

*

1 0.0 0.0 0.0 0.0 0.0*

2 5.8204 25.37t 6 10.2975 5.P204 25.3766 10.2974,

.. .
3 4.6179 12.4319 4.4949 4.6579 12.4319 4.4445

4 5.0195' 6.7907 2 9648 5.9195 a.7907 2.9640

5 5.3222 6.1522 1.9330 5 2222 6.1522 1.9830 "

6 5 8191 4.3638 1.5174 5 8191 4.8638 1.5174

7 5.5433 3.8213 1.1642 5 5633 3.R213 1.le42,

5 9189 3.1972 0.9559
8 5.8189 3.1972. 0.9559 ,

. 9 5.6436 2.6639 0.7850 5 6436 2.4639 0.7850
.

..

16-1ND IN0f x 113. OR 114 IS BAD
-

T
ACTION RFrAJI1ED TO SET BAD VALifE TO 0.OPE.t ATD9

AFTLR F1XUP, SET I FLAG =0 TO RESU:4E PROGR AM -

*
.

DEENE.tGIZE 8AD RTD
. * 04 SET IFLAGs9 TO ASORT PROGRAM

. . . .. . . . - e

.

16-1-n70 RDG- ~
~

..

.
.

* 113 100.00
. .

.. . . - -.- . .- .. . , . .
.

114 98.00 .
. . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. ... .. .._

.
.

.,

10b 93.00 . . . _ -

.

.120 94.00 .

* l'1.9 - 96.00,
" . . . , . _ , . . . . . .

-

. 102. 95.00 .
..-

* 103' 97.00 .
..:............ . . . . .- . .

.

'
*

- -

104 98.00
*

. . . . . _ . - . . . .- . . . . . . -

105 91.00 . , . . . . .
'

106 100.00 .

101.00 . . .- -

107 -

102 102.00
. . . . .

. .

109 103.00 . . , . .
.

.

117 104.00 **

. . . . . . . . . - . . . .
.

110. 105.00 , .. . . . . - . . . . . . ,

til 10e 00
. ..

. - .

. . . . . . . . -

*112 107.00 . . . . _ . . . . . .
"

118 10S.00 . .
-- . ...

.
. . . . . . .

,
. . .. .. .. ........;..........*

;---------. - -- .
- . . . - - . . - . . - . - - . .. 9 . - . . ..- . - . .--.:...---....

. . . . . .

.. . . ,.
.,

.
* .. ** . * * -* *** -

* ..--.... *.-**. . . - = . . . . . . - -
. . . . . . . . . .

*

.
. . _ . . . . . - . . . . .

.
~~ ~

e
e . .

d.
* e

,.. . ..

.

.

.
.
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. . . . . ' . . ..
-
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***** JAFNPP-1 14 PSI A LF ITE TEST AFTER 10.00 HR5 ***** .
' .

REF.DWG 11D?S-rh .. A93 FM-ISA
.'

' *

[g///Q/VZ~,'h/927*&&rAvV *

T EMPLR ATUS.E (DLG Fi 16-1-RTD-/ARCA

HR$ .113/P 114/8 101/1 120/1 102/1 119/1 103/2 104/2 105/3 106/3 107/4 lop /4 16's/5 117/5 110/t. 111/o 112/7 111./7

[4.C0 95.00 96.00 97.00 98.00 99.00 100.00 101.00 102.00 103.00 104.00 103.09 106.00 107.00 in .00
,

to 100.00 *9P.00 93.00
3A9FRTRIC

, . . PRES 5URES (PSIAIHR$ AVE TEMP .

_ TOP.05 ,

TOTAL REF VOL OP INCtlES HGTORUS ORYWELL
*

ORYWELL , DRESSua?

TOTAL. F.EF VOL OP
(P1-104) (P1-103) (071-102) (P1-102) (PI-1011 '(OPI-1011

10 99.00 98.55 13.30 14.00 0.7000 13.93 14.00 0.0700 2e.50
,

' '' ~
TORUS OP.YWCLL

MOISTURE READINGS
HR$ .

B C D E.
VAPhR PRES DEW POINT VAPOR PRES OfW POINT*

.
PPM VOLUME FOR STREAMS A-E (PSIA) ( DEG F1 (PSIA) (CEG FI -

A .

10 9375.00 9375.00 *9375.00 9375.00 9375.00 0.1235 40.45 0.1294 41.62~
~

--

.. .
.

.

. -. MAS 5 AIR IN CONTAINMENT 5 - LP.5
IDEAL GAS LAW RFF VESSEL HETHOD*

QRYWELL SUM.

HR5 TORUS' ORYWELL' SUM TOR'JS -

- 10 7367.57 10302.07 17664.64 7367.57 10302'.07 17669.64~ '

"
~ '

' ' ' ' ~ ~ ~ ~ ~
~

INTEGRATED LEAK RATE .

v. . .
'

REF VESSEL METHODAS SOLUTE ME'TH'0D; " ~ '
'

. HRS CALC 24HR STD DEV 95 PCT CONF CALC 24HR STO DEV 95 PCT CCNF- .

LEAK RATE (PCT) OF SLpPE L1 HIT (PCTI LEAK RATE (PCT) 0F SLOPE LIMIT (PCT)
* 10 5.8187 2.3070 0.6716._.. . _ . ... 5.8187 2.3070 0.6716 _. ... . ..

..
'

*

16-1-RTD INDiX 113 OR 114 15 DAD ...
.

OPFRATOR ACTIO?l RELUIRED TO SET BAO VAL 1JE TO 0.
. .

.

AFTEP. FIXUP. SET IFLAG=0 TO RESUME PROG 3AM .

*

05 ENERGIZE BAD RTD
. . . _ ,, . ,, , , , , ,

. _ . .OR SET IFL AG=9 TO A30RT , PROGRAM . _ _ . _ . _ , . . . _ ,

16-1-RTO ROG .. . . _ . ' . . . . . . . ..

.,
*

. . '

113 100.00 :. . .-11 . ._ ...
.+

,

114. 98.00
. . . . . ... . . . _ .

.. .. .. ..

101 93.00 . . . . . . . . _ . . . _ . . . _ _ . . _ . . . . . _ . . . . . . . .

120 94.00
102 95.00 . . . . _. . . .

? .

*
.

.

119 96.00
._

.
.* **

103 97.00 . . . . .. . . . _ _ _ _ . . .. . . . .

104 9P.00
105 99.00 . . _ . . . . . ... . . . . .

-

106 100.00 '

107 101.00 . . _ . _

los 102.00
-

109 103.00 .

117 10'.00 . .

110 105.00 . . . . . .

111' 10c.00 *

112 107.00 !
*

*

113 1C*.00
.

u_______ ____ _ _ . _ _ _ _ _ _
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O'*** J AFlJPP-1 14 PSIA LEA (C TEST AFTER 11.00 HR$ ***** ~

f *- REF. dug 11925-FM-4 AfJD f M-IP A.
* . *

. .

T[rPERATURE (9F.G 81 16-1 -P.T D-/ AR E A

H2.1 113/R 114/0 101/1 120/,1 . 102/1 119/1 103/2 104/2 105/3 10o/3 107/4 103/4 100/s 117/5 110/6 111/6 112/T 1 1 * /.7 *

11 ~100.CO' 98.00 93.00 94.00 95.00 96.00 97.00 98.00 99.00 100.00 101.00 102.00 103.00 104.00 105.00 106.00 107.00 108.00

HR$ AVE TEMP . . _ ' PRESSURES (PSIAI .'
- B ARO*tE TR I C

~ ~~

'

DRYWELL * PRESSilRE

TORUS DRYWELL TORUS
TOTAL REF VDL DP TOTAL REF VOL DP .

INCifES HG

- (P1-104) (P1-103) (OP1-102) (P1-102) (PL-101) (DP1-101)

11 99. 00 9F.55 13.30 14.00 0.7000 13.93 14.00 0.0700 28.,50.
'

*

DRYWELL'

TORUSs~

MOISTURE READINGS VAPOR PRES DEW POINT VAPOR PRES Otw PDINT'

PPM VOLUME FOR STRZANS A-E*
A 8 C D C- (PSIA) ( DEG F) (PSIA) (DEG F)

.- HR$
*

11 9375.00' 93'75 00 9375.00 9375.00 9375.00* 0.1235 40.45 0.1294 41.62.
- - _

,

,

' '
''

PdSS NIR IN CONTA'INMENTS - LBS
REF VESSFL METHDDIDEAL GAS LAW

HR$ TCRUS DRYWELL SUM TORUS ORYNELL SUM
. -

.

* ~

7367.57 10302.07' 17669. 64 7367.57 10102.07 17669.64-

11- '
'

... . . . . .,
''

" INTEGRATED LE K RAiF~
,

.
.

*
. * ., ' REF VESSEL HF.TH00

* - ASSOLUTE METHOD C4LC 244R STD DEV 95 PCT CCilF .
*

.
. HR5 CALC I4HR STO DEV 95 PCT CONF .

LEAK RATE (PCT.) 0F SLOPE ? '. HIT t PCT I
. , 'i LEAK RATEIPCT) OF-SLOPd LIMIT (PCT)

11 5 6976 1.9920 0.5742 . _ 5'.6976- 1.9920. 0.5742 .
. .

.

.

19-1-RTO INDEX 113 CR 114 15 BAD .
. .

OPFRATOR ACTION REQUITED TO SET S AD VALUE TO 0.
.

.
.

AFTER FIXUP. SET IFLAG=0 To RESUt:E PROGRAM
DEEMERGIZE BA3 RTD

.. . .
. .

,

04 SET IFLA3=9 TO A'JORT fROGRAM . __. x_

16-1-RTD NDG. .
.

.

'113 100.00
114 98.00

.. . . . .
*

. . . . . . . . . . .. . _,
101 93 00.

120, 94.00 '
..

... ~

102 95.0c , ~

119 96.00 ' .

'

103 97.00 .
*

104 9P.00
105 99.00 ,

106 100.00 ,

107 101.00
10e 102.00 *

109 103.00 -

*

117 104.00
110 105 00 .'

til 10c.00
. *

132 107.00 ... .
..

. .

S'9 10n.00 t .
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M 8t M &:t ne w s w:. e u uss o,.... u
,. / m ( ,W: Gs,er)PMt V6LUME F O1 * m) . _

*

Su(AMS A-E po;t PRES DEW P91f47 V Apn;t satt $ Og u t Olfat...
,

, ~ IPslal 10tG F* . . . .A B C D E (PS141 ( DEG F1
1

2 9375.00 9375.00 9375.00 a375.03 9375.00 0.1287 41.50 0.1'799 41.73 .
-

'
41.!O 0.1299 41.733 9375.00 9375.00 0375 00 9375.00 9375.00 0.1287' -

4 9375.00* 9375.00 937).00 9375.00 9375.00 0.1274 41.24 0.1297 41.70
*

~

5 9375.00 0375.00 e 9375.00 9375.00 9375.00 0.1774 41.24 0.1297 41.70.' '

6 9375.00 9375.60 9375.00 0375.00 9375.00 0.1261 40.98 0.1796 41.67,

7 937S.00, 9375.00 0375.00 0375.00 9375.00 0.1261 40.08 0.1296 41.67

8 9375.00 9375.00 9375.00 9375.00 9375.00' O.1748 40.71 0.1295- 41.65

9 9375.00 9375.00 9375.00 9375.00 9375.00 0.124R, 40.71* 0.1205 41.oS
10 9375.00 #374.00 0375.00 0375.00 9375.00 0.1235 40.45 0.1294 41.67
11 9375.00. 9375.00 9375.00 9375.00 9375.00 0.1235 40.45 0.1294 41.62

12 9375.00 4375.00 9T75.00 9375.00 9375.00 0.1??2 40.18 0.1202 41.60 ,

13 9375.00 9375.00 9375.00 9375.00 9375.00 0.1272 40.1R 0.129? 41.60

14 9375.C0 9375.00 9375.00 9375.00 9375.00 0.1200 39.01 0.1241 41.*7
-

15 9375.00 9375.00 937!.00 937f.00 9375.00 0.1709 39.01 0.1791 41.57

14 9375.00 a375.00 .9375.00 9375.00 9375.00 0.1196 39.63 0.1290 41.55
4 17 9375.00 9375.00 * 9375.00 9375.00 9375.00- 0.1106 34.43- 0.1200 41.55 ,

19 9375.00 9375.00 9375.00 9375.00 9375.00 0.1183 39.36 0.1243 41.52'

19 9375.00 937%.00 9375.00 9375.00 9375.00 0.1193 39.36 0.12*3 41.52

20 9375.00 9375.QO 9375.00 4375.00 9375.00 0.1170 39.06 0.12P7 41.4e
39.0a 0.1237 41.49

21 9375.00 937J.00 9375.00- 9375.00 9375.00 0.1170 .

'~ '375'.I6"~~'9375.00 9375.00 9375.00 0.1157 38.79 0.12R6 41.4722 a375.00 9
23 9375.00 9375.00 9375.00- 9375.00 -9375.00 0.1157 36.79 0.1286 41.47'

24 0375.00 9315.00 9375.00 9375.00 9375.00 0.1144 in.51 0.12*4 41.44

w 26 0375.00 9375.00 9375.00 9375.QO 9375.00 0.1131 38.22
. 0.1234 41.44

25 9375.00 9375.00 9375.00 0375.00 9375.00 0.1144 38.51
0.1283 41.42.

$ * NAS$ AIK IN CONTAINMErJTS - LBS
*

.

.. , .

REF V:S$EL METet00IDEAL GAS LAW' *

. .. . .. IRS T0tus ORYWELL . 5Utt .. TORUS OTYWELL Sur' ,

(..
- . 2 7677.78 10343.49 15021.27 7677.79 10343.49 18021.27

. . 3 7677.73 10343.49 13021.27 7677.74 103*.3.49 1*071.27 .

4 *7600.23 10333.13 17933.36- 7600.23 10333.13 17933.36

5 7600.23 10333 13 17933.36 7600.23 10333.13 1791?.36 *

6 7522.67 10322.78 ,1704*.45 7'22.67 10322.73 17945.45 .*

. .
* 7 7522.67 10?22.7E 17P45.45 7522.67 10322.78 17845.45

*

S 7445.12 10312.43 17757.54 7445.12 10312.43 17757.54
. . ...

9 7445.12 10312 43 17757.54 7445.12 10312.43 17757.54
..

.. 10 7367.57 10302.07 17669.64 7367.57 10 J02.0 7 176(-9.64
11 7367.57 1030?.07 17469.64 7367.57 10302.07 17669.64
12 7290.01 10291.72 17521.73 7290.01 10291.72 17581.73

13 7290.01 10291.72 17583.73 7290.01 10291.72 17531.74,

14 7212.46 10281.36 17493.n2 '7212.46 192P1.36 17493.P2
**

15 7212.46 102Pl.36 17453.32 7212.46 10241.36 17493.92'*
*

16 7134.91 10271.01 17405.92 7134.91 10?71.01 17405.97*

17 7134.41 10271.01 17405.92 7134.91 10271.nl 17405.92

18 7057.35 10260.66 17316.01 70%7.35 10240.66 17316.01
19 7057.35 10260.66 17310.01 7057.35 10260.66 17319.01
20 6979.30 J0250 30 ' 17230.IO 6079.00 102Mn.30 17230.10.

21 6979.50 -10250.30 17230.10. 6979.80. '10250.30 17?30.10

22 6902.25 1022?.05 17142.19 6902.25 10230.95 -17147.19
- - 23 6902.25 10239.95 17142.19 6902.25 10239.95~ 17142.19

24 6924.60 10224.60 170%4.29 6924.69 '10229.60 17n54.29*

25 6fi24.49 10229.o0 17054.29 6P24.e4 '10?29.60 17054.79** .

26 6747.14 10219.24 16966.38 6747.14 10219.24 169(4.33
- .
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II8 /U * Has CALC 24H4 STO DEV 95 PCT CrWF CALC 24H4 STD DEV 95 PCT CO'er. -

LEAK RATi(PCT 1 or $ LOPE LIMIT (PCT 1 LEA ( RATC(PCTI PF SLPPE LIMIT (PCTI -

. 2 5.R204 25.37b(. 10.2975 5."/04 25.3766 10.2974,

3 4.6579 12.4319 4.4949 4.6579 12.4319 4.494R
4 5.8195 8.79G7 2.0644 5.5195 a.7907 2.9( 4R

'

5- 5.3222 6.1522 1.9830 5.1222 6.1522 1.9830
6 5.4191 4.e638 1.5174 5.8191 4.8638 1.'174. . .

- 7 5.5433 3.8213 1.1t42 5.5433 3.0213 1.1642
8 5.R189 3.1972- 0.9559 5.8159 3.1972 0.9559
9

.

5.6436 2.6639 0.7650 5.6436 2.6639 0.7650
'*

: 10 - 5.3137 2.3070 0.6716 5.91a7 2.3070 0.6716
11 5.6976 1.9920 0.5742 5.6976 1.9920 0.5742

. 12 5.8136 1.7657 0.5047 5.9186 1.7o57 0.5047
13 5 7300 1.5616 0.4433 ' 5.7300 1.5615 0.4433.

14 5.0196* 1.4076 0.3970 5.61P6 1.4076 0.3970
,

*. .

15 5.7509 1.2666 0.3554 5.7509 1.2666 0.3554
.

* .16 5.n195 1.1561 0.??29 5.91m5 1.1563 0.3229*
.

5.7652 1.0541 0.2931 5.7642 1.0941 0.293117
*18 5.3195 0.971G 0.2692 5.31P5 0.9719 0.2692,

* - 19---"-----G. 7 7 5 3 0.6949 0.2471 5,'753 ' 0.8949 0.2471*

20 5.61e4 0.6317 0.2299 . . 5.9194 O.8317 0.??qo*
,. ,

.

21 5.7829 0.7722 0.2120 f.7329 0.7722 0.2120,,

22 , 5.8144 0.7223 0.lo7A . 5.81F4 0.7223 0.197R
73 5.7556 0.6751 0.1944 5.79C6 0.6751 0.1944
24 5.P104 0.6350 0 1731 ' 5.81n4 0.6350 0.1731.

25 5.5319 0.6350 0.1735
. .

5.9319 0.6350 0.1735 -. .

26 5'.8467 _0.6350 0.1739 ..._ .. _. .._ 5.8467 0.6350 0.1739 . .. .. .
y . .

u
c) 16-1-tTD INOFX 113 Ot 114 IS BAD | . . .

OPEtiTCA ACTICY 4500!RfD TO SET BAD VALUE TO 0. *

* AFTIR FIXUP. SET IFLAG=0 TO RESUME. PROGRAM........ . . . . . . . . . . . . ..
.

CEthrKOIZE SAD ATO **
.

. 0% SET IFLAG=9 TD ABORT P10GR4M -
'

16-1-r.T D ROG . . _ _ _ . . . _ . . .. __

113 - 100.00 .

114 99.00
. . . . . _.

,

101 93.00 ._ . . .c _ . . .
* *

120 94.0G
102 95.00
119 96.00

'
'''

.,
'103 97.03 *

104 98.00,

1 25 09.r0
.

-.

106 -100.00- '
-

107 101 00 .

109 102.00 * - -

109 103.00 .

117 104.00
. .

~* .--

110 105.0C .- ~ . '__ . .
*

'

111 106.00
~

112 107.00 .
-

~ ~ ~ ~ ~ '~ ~
-

*

116 106.GG .

. . .

4
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EFFCE A*:ALYSTS'

The error analysis which has been performed determines the relative error
of the previcusly defined functicns which have teen used to calculate the
leak rate by bcth the absolute and reference vessel =ethods. Relative error
is defined as the absolute error divided by the true value of the quantity.
The absolute error is expressed in ter s of the unit used and is the numerical
difference between the true value of a quentity and the given value as given
or obtaf ed by reasurecent or calculation. '"he percentage error is defined
as the lative error times one hundred (100). It can be said that the-

true inux of accuracy of measure =ent is relative error.
,

,

A development of the general for=ula for errors follows:
h!

let N = f ( g , u ' "3' * * * * "n2 .

.

denote any function of several independent variables ui, u2' .

which are subjected to the errors a ul, a u2,
, u3, ..., un ',4 u3, ..., a u , respectively. These errors vill cause ann

error A N in the functi,on N, according to the relaticnship I

|

N+ aN = f (u +4u,ug + 4"2' "3 + ^ "3' > "n 6"n) (b)+
1 1 .

( ,
. Taylors' Theorem for a function of several variables. Then
To find an expression for AN expand the right-hand member by ,

4

+ A"2' "3 "3' **** "n + #"nf (g + Au , u + *
2 -

af A u2&f+ +...+du af+f (g, u,, . . . , u ) + A g @ g, Dg
.

n n @u
.

- n ,
.

J2f D1/2 [( Ag) a 2 ,,,,,(fu + 2 d "1 'd f , -
fun

S Du,2 Og a g :
1

[
t
i
i

* + ... (c) i
,

I

*
, {
$

.
-

*
. ,

O
*

i

i
.o ,

?
s'.
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Since the errcrs d ul, d u2 * * * * 0 % are always relatively small", their
squares , products , and higher pcVers may be neglected. Then

24 au ;gN 4N=f<s,u,,n ,....u,) au
23 1

+...+Au (d)*

"n"
, .

.

Subtracting (a) from (d) .

j ';-
i

Jf du df du f d ". #:Ar = E y, 2 + ... + n'
h d O "n.

.

d IT du 2N du dN du (f)
~

'
. gg, o g og a u,

y, 2 + ... +
. .

,

/ !
which is a general formula for computing the error of a function. The right
hand = ember of (f) is cerely the total differential of N. For the relative
error of the function N

| 4

E =d A 1, dN d u2 , ,,, , dN M [g)=
r N g. N yu N N

2 O "n -

.

The equations tsed to detemine the leak rate and the relative error calculated

from ther vill now be treated for the absolute method and the reference vessel
method. ._ ,

'

ABSOLtJPE METHOD _ ,

Mta = Msa. + Eda

lhh(Ps-Psv)V 1hh(Pd-Pdv)Vd,
*

,'RTs Hrd

i

s- sd Vs + (Pd-Pdd Vd=
sTd

.l. .
.

t
.

* A quantity Q is relatively small in comparison, with a second -
quantity Q2 if the ratio is small in co=parison with unity. The
squares and products of such small ratios are negligible in most
calculations. -

s
,

.

*

.
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i

i d !sta lhh Vs 4 Ps Vs 4 Psv Vd dPd
[ (Ts

; ,"r ,
!:ta R

,,

tha Ts !ha Td !:ta

Vd d Pdv (Ps - Psv) d Vs (Pd-Pdv) 4 Vd+-

Td Mta Ts 1ha Od !sta

(Ps-Psv)Vs d Ts (Pd-Pdv) Vd dTd
- ~

2 2.

Ts Td
.

.

.

Vs Td d Ps Vs Td d Psv
-

(Ps-Psv)Vs +(Pd-Pdv)Vd (Ps-Psv)Vs+(Pd-Pdv)Vd p,
i'

Vd Ts d Pd Vd Ts . d Pdv ' '

+ ~

(Ps-Psv)Vs+(Pd-Pdv)Vd (Ps-Psv)Vs+(Pd-Pdv)Vd
'

.

- (Pd-Pdv) d Vd (Ps-Psv) d Vs ,+
Ts ' [(Ps-Psv)Vs+(Pd-Pdv)Vd } Td [(Ps-Psv)Vs+(Pd-Pdv)Vd) ,

/ !

-(Ps-Psv)Vs d Ts Td -(Pd-Pdv)Vd d Td Ts+ Ts [(Ps-Psv)Vs+(Pd-Pdv)Vdj Td [(Ps-Psv)Vs+(Pd-Pdv)Vd]*
x. .

Since the errors of d Ps, d Psv, APd, A Pdy, AVd, AVs , 4 Ts , and A Td ''

are just as likely to be negative as positive, the terns must be teken with
the positive sign in order to be sure of the maximum error in the leak rate.
Therefore

< 'Vs Td A Ps Vs Td A Psv+r - (Ps-Psv)Vs + (Pd-Pdv)Vd - (Ps-Pav)Vs +'(Pd-Pdv)Vd .

Vd Ts ' A Pd Vd Ts A Pdv, ,
(Ps-Pav)Vs + (Pd-Pdv)Vd (Ps-Psv)Vs + (Pd-Pdv)Vd

|

(Pd-Pdv) 4 Vd f (Ps-Psv) d Vs
Ts [(Ps-Psv)Vs + (Pd-fdv)Vd} Td [(Ps-Psv)Vs + (Pd-Pdv)Vd]*

(Ps-Psv)Vs Td Oks (Pd-Pdv)Vd Ts & Td+
Ts [(Ps-Psv)Vs + (Pd-Pdv)Vd] Td [(Ps-Psv)Vs + (Pd-Pdv)Vd]*

*
.

e

0 -

-

.
.

4

0

25,3
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Mt r = I'.s r + Mdr

= Pso (1-L'sr *t/2h) + Mdo (1-L'dr *t/2h)
.

ILL (Pso-Psvo)Vs *t/2h),,

RTso
.

lhh (Pdo-Pdvo)Vd (1,L,dr *t/2h),
RTdo

lhhVs lhhVs
(Pso + Psro) ( o Psr + Psv)= - g,

+ (Pd + 6 ?dro) - ( 4 Pdr + Pdv)d

E - 6Ptr 4 (Pso + d Psro) O Vs ' .'s Td Tdo
" .

r f.k r D 4

( d Psr + Psv) d Vs Tso Td Tdo (Pdo + d Pdro) dVd Ts Tso Tdm ,( D D

( 6 Pdr + Pdv) AVd Ts Tso Tdo (Pso + d Psro) Vs d Tso Ts Td Tdo, ,
D D

,

_(_d Psr + Psv) d Ts Vs Tso Td Tdo (Pdo + d Pdro) Vd d Tdo Ts Tso Td, ,
Ts D Tdo D

( dPdr + Pdv) d Td Vd Ts Tso Tdo Vs d Pso Ts Td Tdo, ,
DTd D .

Va d Psv Tso Td Tdo Vd d Pdo Ts Tso Td, ,
D D.

;

. +
.

*

Vd d Pdv Ts Tso Tdo *
.

,
D .

.,

Where D = (Pso+ dPsro) Ts Td Tdo Vs - ( d Psr+Psv) Too Td Tdo Vs
+ (Pdo+ APdro) Ts Tso Td Vd - ( 4 Pdr+Pdv) Tdo Ts Tso Vd'
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evaluated at 1/. 7 psia, 38 psia, and 60 psia.The relative error of the Absolute and Reference Vessel M th de o s werein Table B.
The instr ==ent errors used are as follows:The results are su==arized

Insu :n nt
Ironert Veesured

RTD g
Temperature

.1 F from 70 F to 100 FQuartz canome,ter Pressure
.032f. (1 .0107. reading0

1 .022f. full scale)0Bi-Directional Fressure !

quartz manometer .0127. (1 .0107. reading |0
1 .002f. full scale 50.

Beck =an moisture
analyzer Vapor pressure

1% (full scale) *
.

' Volume
2% (reading).

relative error are shown in Table A.The variables and their associated values which were us d te o calculate the.
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Td = Te g I

99 00o
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15tL7g,oo3 -
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Vd 3 11533o,o3 ,
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Vs

psia 1k.7, 33.0, 60.0
Pac
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,
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- *
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P818 .1300
-

G ''.
Pdv

.1%

h Td = TS = SO = do Cg
3 3089 52.
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,
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-
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.0013 .

APdv
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S'e n t , osin M-th od RM ntive error Percer.t errer

14.7 ab::olute .14202 14.2
reference .08466 c.47

38 absolute .13538 13 3
reference .08403 8.40

60 absolute .13410 13.4-

reference .07820 7.82 *
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65TTORPTAT T 1H 0710MTQT AE RUE 75X'Tf013951NG STdFA*SPPNV VOLUME./2X;9HIPCT/DAV);5X,9HtPCT/DAYl'14Xe'1HA, 4
59 7

~~ 6 0 ' --" ~ ~ ~ ~~
61

2illl57 7Y ~ 1HC s 7XTillD77Xi1HE)^~~ 6 2
63 1ATEi a RATEti.NI

- -

'~
-~~ ~

RATE 2~s PATE(2'.N)- ~, *
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954 FCRNAf(1H
, __

73
JRTTFINID795 W RATE 2TC0bz

__7 4 --
75 955 FORMAT (1H .2r10;4)

__
_

c AWEND00E (hiCT-~~~~ 7 6 -~

77 30 in 100
Al.L DATA AND CALCULATIONS E0R CURRENT 1100R75 c 1

iSET-ISTRT r trAND~t)SE~S AME70DE AS OPTION 379 C OP.flCt4 2 . PPINT
83 6 _

^

81 C ( .
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118 J oUTTP7K17001TI Disr} TOUTT E7KTiFB A R x

-
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144 c -- --
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147 CALL ENDOUE tNIO)
14 es 999 FORFAf fillliE5X 31HM A5s i.IH IFI COMTTTNHEMTS - LUlli.'.
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16f 16 C0flTINDE--
~-'"

165 C
~

cDUS~f 43
-166 6 ee

IrTOW PRE 150RE TEST 7 NO:r THROUGH -

CDNO 14's ~~ -
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CALL DEGnUE (klo) ~
i . -187

I68
- - - ~ ' ' ~ ~ -
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- .
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;0'1D5'-~~430c2401 40002401 CON 0.22444024
tt:06 22444-24 77444074 C0r o.7 7777720 -- ~~ -- ~ - " -

1 C 410 7 ~~- 7 7 7 7 7 72 0 i7777720
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004110 41004121 40n80011 3HS LDW 1955

004111 (?D2744o 42022446 Lt10 7410
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004112 3300*S61 330005$1
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" * 95570RM A T t 1072r1'074 3 ~~----~
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- . ._
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n 4g,cC p1C_ PAL.,J.sSEMnlEq
M L_0L_f352.Q.74 2gtipp ,

,
- - . . . _ . . - _ -

' --' -' '

74254 15227463 15?27463 CON 0 15227463 -

1 M S:t ih02fn61 ich20031 CC CO'it002CD61 -- -~' '-

":216 14033357 14033057 CC1 0.14032057
**57~ 1462:34D iM 00'40 C Dii'O li 4 o2 t t4 C . - ~ ~ ~

1 2.40067 CCM 0 1422Cn67.
4"c. $0 14230967

.* C 1'"~~12 f..:2 f14 0~ tJ637040 COT O.'13637c4C ~

M42C2 2003:450 1Cn304fo CCN 0 1003t460
~~ ~ '~

.

M Cl,3 ~ iE027464 1( 027 4 V4" Ccrol16027464 #

M4264 10 r.7 : n 61 10c20G41 COM 0.10020cf1 "T-~~-~~~-
CCi''O ~.14 0 34 45 7 -; 3 C .5 ~ '1 a' C 3 4 4'i7 - 14 f' 5 4 45 7 --

;-% 6 1 '' 2 2 : M c l 'e; 20 0 4 0 Ctw 0 15 2 2 0 0' O
Cul'O.1443C4C7323!447 1'47'i04(7 ~ ~ - - ~ ~

C O L!7 0 13632d40 13h3?440 COM 0.1363;440;,...<,.

x *i71 ~ 1r03:451 19030451 C0lf 0.10 0 3 ' 461 -' ' - - ~

44272 14027466 14n274E6 Coil O.14C27466
~,54273 tF25:001 cCF50001 C0C 0icG25C001 ,

G?'274 1r977761 1 G 07 r.0 41 CGN 0.10020061
~ ~

1233G7 CCh"0'il 4 23( 45 7T' J .:275 ik23 457 ~ ~ ~ - - ~ ~ ~ ~
CG4 0.154?C040

001276 1H2:040 1942c340
.- r:77 j;23 452 f4?30462 CCC 0?1423(462 - - -

C04300 13533440 13633440 C3N 0.1363*440
C04J01 16030'441 i'003 D 451 CDCO'i1003 C 461 ~~

CON 0.16027467
004302 16c27457 16027457 ,

e04303 <510T100 4GNTdfod clin"074,000f f ou

004304 77777150 77777150 CON 0.77777150

00 10 KalSTIfeN
~"~

*

0043D5 f 63057[7 1634f4'12 154 - ~LfsX~1STRTi? . - -

00_43D6 (6305731 06341423 5H10 STX K.3 .

CDN0 303- _ _ _ _ _ .

e- KK ITIME ? N s K
: EDX~lf!NE

GJ4307 M0f571'4 OThTfD5
ADD K

C0411C 11005731 11041421
.505 4

C 0 4 31'i 410CIF37- JIh7722o .

C04312 22005732 32041420 -STA KKe_. .

CALL BFG1UE th101
~ ~ ~

*

004313~ ~7300tS76 !3DVD576 SPB'BEGQUE .

. .

GC4314 drC22446 4CC22446 LDK NIO -

-

WRITit NIO.(15) XKi(RTDtJ.K)eJulett)*

~0043ii ' 6'0'0T341 4004a024 LDK 5015 ~ - -

004116 (202?446 42022446 LUC NIO .

SPB".srEEGW
Oc4317-~~2300C561 33000561 - - - - - - -

004320 afn05732 40041412 LEK KK
SMi IrPROM

Oc4371 <300t552 33D00562
n04?22 1740 n01 07800001 LXK 1.4 -

0;4523 t 6407734 DC'41410 .
in11 STX~~Ji4

* * - - - ---' ~ --

004324 <2005731 42041405 LDO K
LDA~J

G 4325 rn000733 0C041406 . _ _ _ _ _ .
_ _ . . _ . _ _ . . .
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23 19e2 ue-o Jp cc-r a., r'a 6 s o wm.c n _

se __,___,e _ .,_ __.,. .m

.12J % C3 n .1-?f. = 7 # 2
~

- ---
~

.

'

00 326 1500'702 55041354 HPY 1rXCONa5
--

~ -~ ~ ~ ~~ ~ --

GC4527 4400:nG5 44600003 STG 5
004330 #0577757 40573427 I LDK RTD-17.5 ~~~---~ ~ ~ ~ ~

0C1331 J3G0:Si2- 33000562 SPU'5FPROW
C C '. 3 3 2 3(.4n!001 264000n1 thX 1.4 -

-

OU.233 ;4437735 i44377b TXH'1974
C04334 :20004323 3 0 f.7 77 67 BTR $311 - ~' ' -~~~

OG43 5 -- 3300:553 330C0563 SPD SrHLTW .

__ _._____ .____

CALL'ENDoue-tNIO)
--

-- -
'

004336 ~;30 0 r $ 7 7 33non577 SPB Ef:DouE -

004337 ..UO22440 40022446 EDK NIO
- . -_ - . --

--- - -
-~ * 915 r0RMAT(1X.IP'.*2 n9077279r7.2:

C04340 :.4004350 14n40010 BRU 5H12 - -~-~ ~ -

Of.3341 eM60CD00 63000000 2715 CON 0/60000000
004'42 .:000C701 430002n1 CON 0.4000f'201 ------

004343 N40th027040D002 CO R~0'. 2 0 4 0 C n 02 ,

OC4344 en000401 40n004ni CON 0.40000401
-

- - - ---"

CON"0.2170'*D24004345 71704n24 21704074
OC4346 :*17 0 4 t!2 4 217040~4 CON 0,21704c24 "

- 004347 77777720 - 77777720 C W O 77777720
-

CDWU 306
~

tJ =To carirTNUE'o ----

''004350 300000000 300n00000 sti12 DSS 0
004350 '6305731 16341361 i10 LDr Kys

-- ---

OC4351 :'630 r D 01 26300001 It!X 1.3.

'00 4352 t'CDC3537 00077155 Icr N

004353 11000003 31ti00003 SUD 3 * =

004354 r3 0 C 47: 7-~~07 n 0 4 72 i T0r2s
004355 30004306 30n17731 BTR 3H10

CDNQ 307
, ______.._._ _

'

CALL BEG 0UE INI0l* ~

~~304350 .s3 Er.C3 7 6 JJDVD570 5 P B G E G'IUti

OC4357 '.0022446 40022446 ._LDK N!O
- .. ...-

,
,

e HR11C( N10i"043 ~ ~ ~
-

* 0 0 4 3 6 0 ~-- 10 0 0'4 3 6 i 40G400ni CCX 5904'
004351 17072446 42n22446 LDQ NIO ,

"C04367 5300C561 a3000561 SP2 5rDEGw . *

-

0C4363 ;i300 C 563 33000563 SP2 SrHLTW ._ ___. . .

_ _ . _ . .

CALL Et'DouE (NIO) - ~ -~~
*

~DC4364 530DC577 53000577 SP3 EtJ"10UE
,

DC4365 1C027446 40n22446 LCK NIO -_

___

904 r0HMAT(1H175HHRSI9X,AkAVE TEMP.~35X. .__ _ ____ __.._ .=
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GE 335_nE.P4_C PA W S_SFdDLER _ . . _ _ _ _ _ . . - - . _ . . . _ _ _ ' . .*

3 2 38L._fL1__0,Ldrel l 23dp *-

_ . _ .

117HPRESSURE'i (PS!4) ;2 6'( e in Ul AR0ME TR I C. / _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _*

28X.SHTORUSs3Xe7HDRYWELL.18Xe'iHTORUSJ _ _ _ _ _
e

*

* 12B Xe 7HDRYWE',Le 20X enHP3E;SURE,/33X 2FH TOTAL REF VOL 'D P ,
.

__ .10X.7HINC9ES W"../30Xi ___,,
nP. 17X.24HTOTAL RF{VOL

a 563H (P1-108) (P1-1333 (nP1;102) (P1-102) (Pl=101) (DPis
_

l.4Hin11e/)*

'0C1356 L 40T4 T41 14U4515s 3pu 1M13
~-~

004367 5000C000 60000000 1904 CCM 0.60003000
~004370-- 1n010n01 00515001 CON 0700011001

--

004371 1420:n00 14200000 CON 0.14201000 e
~~

004372-- 15G3:001 .o3030031 CON 0J00033001
-

-

. 004373 !?0511?3 22031173 CON 0.22051123 '

C S 43.7 4 LP00*201 4 0 0 J 22 0'1 . .
CDN 0;4000?201 .

004373 ~ 3010:001 '00100601.- C0N 0.00103n01 .
---

5C1376 ,102531C) /C25310) C0!r0720253105
ra0 C # 3 7 7 100'57105' 10052105' CON 0.10052105
j c G 4 4 0 0 ~~-'!325 t n G O 2325000s . C04~0423251000
00'tC1 . in007601 40007601 C0N 0 80007601-

'GC i L2 a6061501 40D01011 CON 0740Cn1001
C04403 ' 30I1:n01 00210001 CON 0.00212001
303404-- 14371105 e4n51105 C0%~0!24051105

- ---
.

001403 14653525 24651575 . CON Oi2465tS25 --

D G 14 0 6"" 14 4 4 7.52 J 74447523 C04~Ci2444?S2a
CC4407 1007432n ICn24190 CON 0.10024120
C C 4 * 10 ~--'t ' 6 4 4 5 G f g4444501 Coiro;2464 8501

-

Octcil 17220900 1222GOP0 COM 0.17223000 - * - - - -

' C C 4 412 -- 8 0 G 0 7 D C 1 40007051 ~COV'O.40Cn7noi
00 413 I n t .'C 0 01 001200n1 CON 0.'00121001

~ C C # 414"- ? n 4 4 35??'- 7 0 4 4 05 2 2 CON'O.20441522 *
004415 736465C5 236465n5 CcN 0.23645505

" G 0 4 416-- 2 5 0 31111 25351111 UNF0;25051111
0C4417 ID60:nCD 2060000C COM 0.2060:000

:CC/420 1C40C1C0 40n00100 C0H'Oi40G03100 *

OC4c21 tr002001 40002001 CON 0.'40002001 -~

~ 0 7.4 4 7 2 ~~~'3 h c 5 C o C 1 DL150'0Ci CnN'0?00C53c01
OCte23 75047522 25n47522 C0'4 0.2504 7522

'004424~~ 15251400 25251'400 C0!F0725251400
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i ''0G'303 .(C2:040 10d20040 CON-'O .~10 0 2 r: 0 4 0 *
I

0 0 ') C C 4 20020050- 10 n 2 0 0 5 0 ' .$ . CON 0.1002a050
0CSCC5'T 2104250i 210425'07 C04 0';21042507 ~-~.005006 10043051 10n43051

$'005007--7.0000100 4C000100-
. CON 0410043051

Co4~0740000100 ,

~-- 7" 005010 77I76440 77776440 - CON 0.7777f.440
\ |

|
,, . * DO 16 KalSTHTeN * ' - -

005011 . 1630571r 16340700 allfo LDX~ISTRT - ~-9000012 16305731 06340717 SM A,7 STX K,3
,,]-

~

ITIME - N 4 K= KK = CDNO 328i"005013 s.0007719- '0EUTE701 CDK lTlHk *| 005014 7.1005731 1104n715 ADO K
. )| ~ 0 0 5 015 -- .~ I G O 35 3 7 J10763?e s00 ?4

i - __0 5 :_16 :2003732 32n40714 STA KK -0
__

PPNVileK)
_,_

PPNV1 :o

(~0G70Ti . 2'0'0 5 7 J 1 42V407tz LDO K
| 003020 t0005675 00n4n655 LDA 3rXCON *

| CG5021--~550037DI >5040650 HPY IrXCOM;4
I 0C5022 44CCCCC4 44000004 STO 4
"0 C 5 0 2 3-- 7.I 4 0 0 71~4 41473671 DL D"PPNV'-1079
005024 .~3005751 33040725 SPS 50RCVT *

,~ 005025 .2C0572T J2'04D677 STA-PPHV1 '

PPHV2 T PPHYT77K) - - -e
i

005026 if40C716 41473670 DLD PPMV-Se4
'

'C05027-- .*3005751 33D4077z SPS IDRCVT -- - - - - - - - - - -
i

! Of.QO30 ??005725 32040675 STA PPNV2
. . _

e ppny3 PPnVg3,M)
605031 4146G724 4TA7366i DLD PPHV-6i4 -

-~ -
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730L___n3__,g.,2n.74 23,.1_02 _ _ _ _ _ . . .
.

- - . _ _

'00D32 33005751 33040717 SPS ED2CVT
_ . . _ _ _ . _ . . .

STA PPHV3
-

- . _ _ _ . . ,. .

05933- ~;.?G05726 32040673 .

,

PPHV4 s' PPHT!4TK3 - _ , . .

_,
*

DLO PPMV-4s4
:05034 (1#.00722 41473666 SPD-10RCVT ,

-

105035 .300-751 .33040714~

c. 0 5 0 3 6 *2005727 32040671 STA PrHV4 -

,

* PPP.VS s PPnV(Sex)
DI.D - P P MV .2 / 4 ~ "----

' 3". '; 3 7- - i t t D C 7 2 4- 414 73 6 65 SPS 50RCVT.

;]5040 3G35751 33040711 STA PPHV5 -~ -- ~ - -

' M C 41 .,2005730 J2040667
,

-

C ALU" CEGQtlE -(N101 ~ - - " - - ' - - - - - -
--

=
,

SP3 CrGQUE
305042 ;3000576 33000576 -

LDK HIO =

0 0 5 0 4 3--- t 0 02 2 4 4 G *C022446
ORITE( NIO7Fr71 KKTPPFDFfiPPMV27*,TPMV77PPMT4TPPMV!TUUT O e M a _ . . . . - _ _ _ .=

'0VTt1TTK D 00T04TKTipUrtI2iK1

005044 #0005103 40040037 LDK 1917
--- - ' - - - - - -

~
= i

.

OGCC45-~~i2022446 42022r46 LDQ MIO -

-

SPD 1raEGW
005046 1300C561 33000561 .

4.DK"XR . ~ - ~ ~ - - ~

3G5047 shCo?732 40h40663 Sr0 trPHOW -

OC5050 2300!962 33000562 LDK'PPifV1 ~- - - - '

0C5051 7 GCC7724 40040653
SPB IFPROW -

005052 2300*962 33000562
LDK PPHV2 -

D C 3 : 53 -- t r C 05 725-~~4 C 0 4 0 65 2 Sr0 IFPPOW
000C54 27000562 3360c562 '

T.DK PPHV3 - - ' - -

CG5055 *CCOT720 4C040651 ~ ~ - - ' -
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'-

-- -
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.
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-
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* - ~~ -" - ---
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-

- - -
- ~ - ~
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-~0C5077 03000563 73000553 '~ ~ - -

- ~ ~ - - - - - -
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~ - - - - - ~ ~ - - - - -
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133L p)__p) Jg.74 2 3,_1J 2 .
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'

.

-G217 !5347522 25047322 CON Oi25347522 " -'~ ~

TJ220 7 5251440 25751440 C04 0.~25251440 ,

C0221 *n12t040 10070040 CON 0.10023040 --- ~ ~ ~ ~-

'( O 22 11051131 210511'31~ COT 0,~ 210 51131
~~~ ~

.

:9?23 15547514 25447514 CON 0,25642'>14

C ': 2 2 4 N3? 040 7 3020343 C0tT 0."23021040
"

~C0?25 (032:123 10t20123 CON 0.10021123 ~ ~ ~ - ~ - ~ ~

S 2 4 4 0 0 --~~2 5 2 4 6 4 0 0 CON"0.25243400 ,

D 22 6' t ~ - ~ ~ ~ ~- -~ --- -~

C '.' ? 2 7 5010:.100 4C9001C0 CnN Oi400n)100
0)R30 1777703u 77777050 CON 0477771050

__.

u0 1'S WilST'4T,N"- .*
"15231 L6305717 16340466 SM19 LUX ISTRT,3

'-~-'-~-

05232 16305731 h 6 3 4 0 4 7 7 ---- - UR07STX 63 ~~

CDNO 340
e dK s I Tl HE-- N * K

205233 1c305714 00040461 LDA ITlHE
t123' t10'65731 11540475 A b D- g

-~-

' 5235 51003'.37 31n76302 SUB N -

n~236 32005732 a7040474 STA Kk

YHASSI s YH'4SSTITK)
,

'- *

Oc0237 4?005731 42040472 LDO 4
~~

10'r 2 4 0 3D05479 00T404 b L D A- Ir7t0N -~~

-

205241 55005703 550404'4? PPY 3FXCONe6 -

M, J 2 4 2-*-- 4 4 0 0 C 5 0 s 44000004 STG 4 .

C'32d3 41402711 41475456 DLC YHASS=12e4

600214 33005751 J3040505 SFG 30RCVT
-

G .C. .S 2._4 532305735 3204C470 STA YMASS1
.

YHASS2 YHASS(2iK) ~~~~~~'
- e

OC'J246 41407714 4r475445 DCD YtiASST1DT4
-------.

005247 33005751 33040502 SPE $0RCVT ^

N5253 7 2005736 a2n4c46o ST A Yt! ASS 2

m ASS 3 s YH ASST 37Ki'"' = N

oc5?51 41407715 41475444 DLL YHASS-S'/4 ...

005252 s3003751 33040477 Spa ~1DRCVT
_ __

001253 32005737 37040464 STA YHASS3
~~

* YMfSS4 s YHASSt4/K)
.

203254 4140271/ CIT 75T45 t[C''Yll ASS.674
-- -" --'

Oci255 3 3 0 0'> 7 31 3304C474 SPS 5DECVT
STA YttASSa .

005256 32005740 3204C462 _ . _ - . . . . . . . _ . _
--

'

7H A SSST Y t44SS157 K) .

~~ =

C05757 4f407721 41475442 DL D YH ASSe4'.4
--- - --

SPli" 3 D R CV T0C5/65 3700575t. a3c4C471
^ G?Si 3?005741 32C40460 STA YttASSS
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* YMAS$6 s Yt' ASS f 6sK),

'005267----41402723 4r475441 CLD ~ Yi4ASSi274
-------~---- -

005263 33005751 33040466 SPC 3DRCVT ,

0052'4~~ 32005742-~~~3204C456' STA YHASSE6 ~ ' - - ~ ~ - - - ~ - ~

---
e t, ALL SEG00E- ikl01

CG5265 3300cs76 33000576 SPR DEGOVE
-' G G 526 6"~- 4 c C 2 2 4 4 C--- 4 C C 27 4 4 6 L C K N I O --- .

- - - ' ~ " - ' ' - ~

WRtTCt-NIOi918 3 -KKTYM ASSN VN ASS 21YN ASS 3 FYN ASS 4 3 YM ASS 5 7YM A SS6. * - - - - - '

005267 4 t, C 05314 4CD4c025 LDK 1918
~0CD270 002 2 4 Te, 4202?446 CDG NIO,

005271 3300:5e1 33000561 Sr5 $rBEGW
~CCS272 4000573< 4CD4r440 LDK'KK-- - - ~ ~ - - - - - - - -

005273 3200'5f? 33000562 -SPB 5FPROV
~0CT278 40G05735 4004C441 LDK'YHASS1 ~ ~ ~ - - -

005275 33000562 32noC567 Spa 3rPROF
06,3276 4sG057?E 4 C'0 4.i4 4 0 L DK' Y!1 A SS,
0C5277 33000562 33 n n t,562 SPB IrPR0k i

~005300 4000573/ 4CC40437 LDK YHASS3 - -- d

005201 37.002562- 33000562 SPB 1rPROF
~ 0C f 302 4000074r 4tG4G436. . LDK Yt: ASS * --

'

CC5303 33000562 3300C562- - SP3 3rPROP .

~005304 e r.0 05 7 ( g 40040435 EbK YttASS5
- -'

to 005305.. 3300:562 33000562 SPB SrPROF
70053 06 "4M 05 78 i 4004043a - CDK'YMASS6 ---

035307 330 cts 6; 3300G562 -

SPB,$rPROF
- 0 0 '> 310-- 3 3 0 0 : 5 6 c, a3000563 SPB 3rHCTt. .

- - ' - -

t.KLC ENDOU n n303 =*
*

005311 330 cts 77 3300.577 SPD ENDQUF
005!12 400274'r-- 4002244F LDK NIO - --- '-~ ~

- - - - - - - - *-91t- r0RM A T r 23 XT! 5 r3r11t2 T2) st F1Ts2 a -------

005313 14G05323 1 040010 . IsPU 5 19 1
-4
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