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EXECUTIVE SUMMARY ,

Objective

The BWR Owners' Group embarked upon a program of water level testing to better

understand the phenomena associated with degassing in water level instrumentation

reference legs at operating plants and to provide a basis for individual plant solutions to

the associated errors in indicated water level. The objective of the program was to obtain

data for a variety of reference leg configurations. 'Ihese data would then be used to

support the validation of an analytical model that could then be used by each plant to

evaluate their configuration and degassing potential.

It should be reemphasized that tests were not plant specific (with one exception);

therefore, the test results do not form the basis for direct application to any other plant.

Each plant should be evaluated separately for their individual configurations.

!
This testing did not address the plant specific effects of condensing chamber (CC)

configurations and inlet steam piping on the non-condensables gas concentration in the

CC.

!
Testing

:

The testing program was conducted under a rigorous quality control program. This

included one over one verifications and extensive documentation. Repeatability of

results was confhTned. j

The tests were performed in a manner to ensure the conservative nature of the results. A

single gas (oxygen) was employed for a majority of the testing. This gas stays in solution

longer than stoichiometric oxygen and hydrogen which are present in the reactor, thereby

contributing to larger resultant errors. The depressurization rates were chosen to bound

those of hypothetical Design Basis Accidents. .

,

!

General Conclusions

The test program results have yielded a better understanding of the degassing phenomena

and the' data can be utilized in individual plant evaluations to better understand the .

y

,
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!

susceptibility to degassing errors. These results clearly demonstrate the potential for

water level errors following plant depressurizations due to the concentration of dissolved ;

gas in the water level instrumentation reference leg piping. {
,

f

Specifically, some general conclusions that have been developed or recontirmed by the ]
test programinclude the following: ;

!

a

1. The test program identified a dissolved gas concentration below which 9

insignificant level errors occur (nominally 150 ppm by volume). ,

!

2. As was expected, the higher the concentration of dissolved gas, the higher the j
.

indicated level error following depressurization. This was not directly linear due to |
dynamic effects and geometry differences.

<

3. Geometric variations of reference leg piping systems were shown to have a i

profound impact upon the level error resulting from degassing due to rapid j
depressurization.

,

4. The faster the depressurization rate, the larger the level error. ;

.

5. The gas remained supersaturated in solution down to low pressures. For the

single gas testing, indicated level error were not induced until the pressure dropped below

220 psia.

6. Significant " notching" appears to be due to slug-flow migration of gas voids
i'

between horizontal and vertical segments of piping. ,

,i

7. Orifices may impede the release of gas to the condensing chamber. This provides

an increased volumetric expansion rate at lower pressure and correspondingly higher ,

indicated level errors. ,

!

!

!
:

Rev. 1 !vi
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SECTION 1 INTRODUCTION ,

!
,

1.1 Scope

i

This document describes the tests conducted on behalf of the Boiling Water Reactor .

Owner's Group (BWROG) to gather comprehensive data on the effect of non-

condensable gases on potential water levelloss in the water level reference lines during

rapid depressurization. In addition, limited testing of slow depressurization events was

included in this de-gas testing program. This testing program was conducted according
i

to the testing plan outlined in Ref.1, which was based upon the test specification

described in Ref. 2.
;
L

'

1.2 Background
-

Ninety-four depressurization tests and fourteen shakedown tests were conducted over a

period of approximately 8-1/2 weeks at the EPRI-NDE Center in Charlotte, North .[

Carolina, on multiple piping geometries. These geometries are not representative of any

plant layout with the exception of Configuration #7. Therefore, De-Gas test results

cannot be directly correlated to plant response to dissolved non-condensable gases in the !

plant's water level reference legs. These test data were collected under a rigorous quality

assurance program, described in Ref. 3.

1.3 Program Objectives j

|The objective of the test program was to provide insight into the water level error that

occurs due to dissolved gas in the instrument lines. Test data was obtained for water

level errors simulated when an amount of water is displaced during depressudzation
'

events using various piping geometdes for a variety of dissolved gas types and

concentrations and at various depressurization rates. These data would be used to support

the validation of an analytical model, which could in turn be used in a plant-specific

evaluation of the degassing phenomenon. .

|

|

( 1.4 Impact of Non-condensable Gas
' !

;. ,

Pre-test calculations had shown that inventory may be lost from degassing of the cold'

|.
reference leg of BWR water level instrumentation during a rapid depressurization event. ;

1-1 Rev. 1
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6

This loss is due to water carry-over as the non-condensable gas comes out of solution and

expands as the pressure drops. The amount ofinventoy lost depends upon the actual

cold leg piping geometry, amount and composition ofinitial non-condensable gas 6

I
dissolved in the leg, and the depressurization rate. Inventory loss in the cold leg directly

impacts the reference pressure sensed by the differential pressure instrumentation that
I

determines the water level in the reactor pressure vessel (RPV), resulting in a non-

conservative reading in the control room. A schematic of a BWR waterlevel

measurement system is shown in Figure 1.1.
.

Non-condensable gases may collect in the condensing chamber at the top of the water

level reference legs in BWRs. As reactor steam condensate flows down the chamber j

walls and into the leg to maintain the reference leg liquid inventon, the gas may move

down into the reference leg. These gases are primarily a stoichiomenic mixture of ;

hydrogen and oxygen, and arise from radiolysis in the BWR's generation of steam.
.

Collection of gas and associated buildup ofits partial pressure in the condensing chamber

over time could allow the formation (via diffusion) of a high-concentration non-

condensable gas solution in the water surface at the top of the reference leg. The

concentration of dissolved gas is determined by Henry's law, which states that the

concentration is a product of the gas solubility in water (a parameter dependent upon j

temperature) and the partial pressure of the gas above the water's free surface. This [

dissolved gas solution could be canied down into the reference leg via diffusion, thermal
P

convection, or a leak in the reference leg. |
r

iThe fastest means of conveying any high-concentration solution into the leg would be by

a leak, which, if located near the water level instrumentation rack, would raise the ;

concentration in the complete reference leg after time with a uniform concentration of
P

dissolved non-condensable gas (assuming that the partial pressure of gas in the

condensing chamber had reached a steady value). Thus,in order to provide bounding
-

conditions for the experiments described herein, pre-mixed soludons of various
r

concentrations of non-condensable gas were injected into the piping geometries tested.
>

1.5 Test Parameters ;

t

Design of the de-gas experiment involved the selection and duplication, as best as

possible, of all the most important physical parameters that are understood to affect the [
degassing phenomenon that may occur in actual BWRs during depressurization. These {

1-2 Rev. 1 i
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primary parameters were: the reference leg piping geometry, including flow constrictions, ,

pipe diameters and surface (material) properties, horizontal segment slopes, and height-

volume distributions; the type and concentration of non-condensable gas dissolved in the

reference leg water; and the depressurization rate. _j

The depressurization rates selected included both generic worst-case design basis severe

accident scenarios, and normal shutdown depressurization time histories, including

shutdown cooling operations. The slow depressurization tests were added to the original

test scope because of newly identified concerns to attempt to duplicate degassing

phenomena observed during shutdown operations on some BWRs. Time histories of the

rapid depressurization rates and the shutdown depressurization pressure time histories are' j
*

shown in Figures 1.2 and 1.3.

,

1
No attempt was made to duplicate the processes by which non-condensable gases may

actually enter the reference leg piping system at an operating BWR. This decision was

made to provide bounding, worst-case degassing conditions, and to simplify the required

experimental hardware by eliminating the need to produce steam at reactor conditions j

(approximately 540 *F for BWRs operating at 1000 psig). As a consequence, stratified

oncentrations of dissolved gas, with a higher concentration located near the condensing

chamber (as would be present during a significant portion of steaming operations in ;

BWRs), were not simulated. Such distributions would most likely lead to reduced ,

degassing effects on the piping geometries tested than those reported here.
:

,

Other experimental parameters that were deemed of secondary importance wem vibration

and temperature effects on the degassing process. Vibration may impact the rate by j

which gas comes out of solution, but simulation of prototypical BWR reference leg ;

vibration levels would require such extensive experimental sophistication to make other ;

than in-plant testing physically impossible. Since limited benchtop testing of degassing ,

in small pipe lengths indicated that the gas came out of solution (both with and without :

vibration) within a significantly shorter time period than the depressurization rate, it was !

concluded that simulation of vibratory inputs was unwarranted. Temperature variations

exist along BWR reference leg piping. Segments within the drywell are typically ; j

approximately 150 *F and those outside the drywell remain at ambient reactor building

temperature. The primary impact that temperature has on degassing is through the

change of gas solubility with temperature, which is both fairly small over this range

(150 F to ambient) and is well documented, and thus may be corrected for in an ,

;

l-4 ,

;

. - . -



_ _ _..

$

t

Im
m
"

RECIRC LINE BREAK DEPRESSURIZATION
, _

m -

'g an
m n
8., '

n
w a ,

&
a e
en m.Mw n
N 45 -
[1.

45 ,

w n
!S 2
w 2s
# a

'

g.
:m-

m. .t

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

--,-.....uy.o..............m.....m..mi...,..;m........, .

o n 20 m 40 m s am a toin a m wo a m a a

SECONDS AFTER EVENT INITRTION

"

Fig.1.2a: Generic LOCA-Event BWR Depressurization Curve
,

m ,

m
E

ATWS DEPRESSURIZATIONo.
a-

$ e
en aC1. 5

v n
w a
Zm e-
in mg -
en
w sn -
f G-

G-
W 5-

|2 so -
w 2m -
# zn

m- ;

m-
m-

o ........................... .i.......................................
D E m m En 250 Sn RD

SECONDS AFTER EVENT MIMTION

Fig.1.2b: Generic ATWS -Event BWR Depressurization Curve

1-.5

)

*

. - _ , .



s.

.
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analytical model. For this reason, all tests were performed at ambient room temperature,

with gas concentration controlled through adjustment of saturation pressures.

Single-gas testing for preparation of the non-condensable gas solutions was done in order

to avoid the safety impact of working with stochiometric mixtures of oxygen and

hydrogen, and to provide bounding conditions for the dynamic expansion of the dissolved

gas as it comes out of solution at reduced pressures. Supporting calculations have shown

that the maximum dissolved gas concentration possible in the condensing chamber water

surface is close to 1500 ppmyt, based upon total pressure and temperature limitations of

BWRs. However, as this solution is reduced in temperature below 300 F during its

migration into the reference leg, only a concentration of approximately 1100 ppmv may

be supported without degassing at 1000 psig. Because the solubility of nitrogen and

oxygen at room conditions is greater than that of hydrogen, the partial pressure required

to maintain a concentration of 1100 ppmv in solution is less than 1000 psig, and hence

single gas testing was possible at room temperature without requiring a depressurization

event to initiate from pressures above those found in BWRs. Also, since the non-

condensable gas used in the testing would not begin to come out of solution untilits

saturation pressure was reached in the depressurization event, the results from the test

would generate level anomalies higher than those anticipated for similar conditions in
~

BWR reference legs (degassing in the actual plant would take place immediately upon

any loss in RPV pressure). This result is primarily due to the additional dynamic forces

that would arise from the same volumetric expansion of the gas taking place in a shorter ;

i
amount of time. This phenomenon is further discussed in Section 2 of this report. -

Rev.11.6 Use of Test Results

The data reported here serve two purposes. First, they provide an guer bound on the

changes in indicated water level due to water column reference pressure loss on the water . ,

level reference leg. The majority of this program's piping systems tested do not represent Rev.I

actual reference leg instrumentation systems of BWRs, because these tested piping

systems were designed to provide parameter sensitivities to water volume loss that would

6I ppmv is parts per million by volume ppmv is defined as the moles of non-condensable gas x 10 divided
by the moles of water vapor or steam. For gas in solution, ppmv is defined as the moles of non-
condensable gas x 10 divided by the moles of water. The partial pressures of non-condensable gas and6

water vapor can be used instead of moles wbere convenient. To convert to ppmv_ from ppm by weight
(ppmw), multiply by the molecular weight of water (18) divided by the molecular weight of the gas [for H .2

ppmv = ppmw x (18/2); for O . PPmy = ppmw x (18/32)]. See Appendix B for additional details.2

1-7
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provide conservative values on in plant potential water column reference pressure losses.

Second, these data comprise a data base for correlation with water level instrumentation

analysis codes to predict the plant specific water level errors during such depressurization

scenarios.

The test program did identify, for a typical BWR water level reference leg, a dissolved

gas concentration below which no level error could be induced. It should be emphasized,

however, that use of these data to predict water level ancmalies in specific operating

plants cannot be made directly, because the gas concentration and distribution within a

particular plant reference leg is not known, and the geometries tested as pan of this

program were selected to represent bounding configurations only.

1.7 Test Program Summary

Thineen different reference leg piping systems were tested. Configurations were selected

to provide both sufficient parametric variation for analytic model correlation, and

conservative measurements on indicated water level changes. These piping systems were

selected after 32 plant-specific water level reference legs were reduced from isometric

drawings supplied by BWROG member utilities. The plant-specific geometric data were

characterized in graphical form as the fraction of cumulative height from the condensing

charnber output to a particular pipe location vs. the fraction of cumulative volume in the

reference leg to the same location. Such characterization allows assessment of the

sensitivity of indicated water level column height to percentage loss of leg water volume

for all surveyed reference legs. This in turn provided a means to select piping systems.

that had equal or greater height to volume sensitivities, and thus a bounding indication on

maximum reference leg indicated water level penurbations during depressurization

events. A plot of the height-volume characteristics for the configurations tested is shown

in Fig.1.4 and that of the plant-specific height-volume characteristic is shown in Fig.1.5.

Modifications to the originally proposed piping geometries to be tested were made during

the test period, under BWROG approval, to assure the maximum usefulness of the

resulting test data. This flexibility was deemed essential to provide usable, relevant, and

high-quality data in suppon of the test objectives, and allowed observations made on

previous configurations to guide the parametric choices on the tests that follow < d.

Primary parametric variations in the test matrix, in addition to reference leg geometry,

included the type of non-condensable gas dissolved in solution, the concentration of

1-8 Rev. 1

o

__ , _ __



,

De-Gas Test Configurations
,-

a 1
-

E 1

/ g- - ~ ~p . - = = = = = - ~ y _ . - -p*-M .

2,2a,2b-g ,-
e 0.9 f ,

/ .// /I / A 2c
,

// ' , *
- 0.8 ' ' - ,

// ,, ' 'B + s' / ,-
y 0.7 ,, / * - * ,.- = 2d,s'ii

,

-

2 y....4...s.u----?-''~.........+ + ,. f .... -
- 6

_ _ , _ _ 3,3 a
~ 0.6 /, /

// /

a 0.5 ' ,-p ,e ,

# - / ++
I o,4 ,' ,4,' / ;

- - +--3g,

,',

5 0.3 - .- ti s' :
! - - *--3d

/[' #
/

$ $ 0.2 ' ,
,,, g,

/E
*

A- -- - -

m p .. +..+ .............. + g *- .
e -- 3e/'

3 0*1 *

-./'o .

-
,

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

""*"-7
Cumulative Volume / Total Volume

.

I

I

Fig.1.4: Overlay of All Tested Configuration IIcight-Volume Characteristics
1

,b--

yg-= *i_* kr*-r g +- %* w T e MS'* 'uswe 9e-. 4 ee ,n-i- e ug-r, e -a w -- * m ._a 2 e-_- --. ._-_.+_m.ah. hs_- m.__--_--me a-



<

1 --
3_w w -

V / -

0.0 - - -

~

o.a --

y O.7 - - /-W - - - -

*f, e%
.

/ I '
-

2 -

y

g, 0.6 -- --

%n p

jY 0.5 - - 5 -=
-

0.4 - -
,g g _

f .gh 0.3 - -
.

*
i0.2 - - ,, c . s ,

+>

0.1 - - |A
-

j
3 . -+&

A # ~

' '

O ; | | | ;.

O 0.1 0.2- 0.3 0.4 0.5 0.6 0.7 0.0 0.0 1

Cu nulallvo vol / Total Vol

:

Fig.1.5: Overlay of All Plant-Specific Height - Volume Characteristics
.

. v. =w, re,.- <se> .,t-%,--vm--- ..-ee ==-w=.r- w ,, . ..#-.c+- . ewmc.c-w- --e- -- , , ,., a- ,--s--ea v <ty'r-*----se- e ~ ow=-*.e, -m w* s-'-ed+.



_

i

dissolved gas in the solutions, and the depressurization rate. A detailed list of the tests

conducted on each configuration are presented in Table 2.1, and are described briefly |
-

below.
.

1.8 Test Equipment Rev.1 )

,

A pressure vessel of ten cubic feet volume was used to provide both an initial nominal

reference pressure of 1000 psia on the reference leg, and to control the pressure time

history during depressurization of the system. The depressurization rate was controlled
,

by a valve actuated blowdown through an orifice whose size was chosen to set a

depressurization rate and time history that is representative of a design basis reactor Rev.I
'

accident. The orifice was changed to allow variation of the depressurization rate, in order

to investigate the influence of pressure rate effects on the amount of indicated water level ,

lost in the test reference leg. Nitrogen was used as the working gas for the vessel"

!pressurization.
,

It should be noted that the test setup is such that the decrease in reference leg water level

is measured as gas comes out of solution. This expansion of dissolved gases would
Rev.1correspond to an indicated increase in RPV level as observed on plant level

instrumentation. It is necessary to understand this dis' tinction when discussing decreasing

water levelin these test results. ,
.

The pressure vessel was connected to the water level reference leg through a 2" vertical ;
'

pipe, which in turn was connected to a coupling chamber having a shape similar to that of

a conventional condensing chamber found on BWR water reference instrumentation

lines. This coupling chamber was installed vertically, whereas more typically the

chamber is installed in a horizontal plane. This chamber simulates the flow constrictions ,

and spillway present in an actual system in order to ensure that geometric influences on

the test data results are due only to the reference leg piping system itself.

Non-condensable gas was introduced into the reference leg piping by using a pre-mixed

solution, made by combining demineralized water with the desired gas in a separate

chamber under pressure. The concentration of dissolved gas was controlled by means of

adjusting pressure in the separate chamber to achieve a particular equilibrium condition.
fAfter the solution had achieved the desired concentration, it wts injected into the

reference leg by using a gas blanket at slightly higher pressure. Verification that the

1-11 .
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!

proper concentration was in the reference leg piping was done by injecting the solution

through a port at the bottom of the piping system near the differential pressure ,

instrumentation, and sampling a small volume of solution that was extracted from an

upper location near the free surface in the coupling chamber.
r

Geometric variations for the configurations tested are outlined below, and are more ;

!completely described in Section 6 of this report. That section provides detailed
'

spreadsheet calculations that accurately represent the as-built configurations tested at the

EPRI-NDE Center. Simple sketches of the piping geometries tested can be seen in Fig. !

1.6 below. | Rev.1 i

,

:

The first configuration tested, configuration #1, consisted of a straight vertical 30' |
!

(nominal) 1" SCH 80 stainless steel pipe. This configuration, due to its almost 1:1

sensitivity of percent volume loss to percent indicated height loss, provided a good

baseline test case for analytical model correlation effons. The second configuration |

tested, #2, had a shon vertical stub connected to the coupling chamber, followed by a 30'

nearly horizontal segment having a 1/2" per foot slope, which was then connected to a 28' |

vertical segment, all of 1" SCH 80 stainless steel pipe. Data from this configuration

provided an indication of the effect of horizontal segments on potential water level loss,

and was also used to investigate the effects of gas type on indicated water level transient q
!and end point readings. This configuration was modified into configuration #2a to -

include an offset 1/4" orifice located approximately half way along the horizontal
!segment, to investigate the influence of an orifice on the measured level error.

Configuration #2a was further modified by adding a second orifice in an attempt to >

simulate flow constrictions that may be present due to an excess flow check valve; this

modified configuration was denoted #2b. Configuration #2c was then tested to examine :

the effect of a reduced venical segment as compared to #2a, by shortening the 29' vertical |

pipe to a 17' length. Finally, the venical pipe was completely replaced with 1/2" stainless [

steel tubing to assess the influence of smaller diameter tubing located in vertical runs in ,

l

reference legs; this last modification became configuration #2d. t

,

Configuration #3 was a " mirror image" of configuration #2, in that the 29' vertical

segment was directly connected to the coupling chamber, followed by a 30' horizontal :

segment of 1/2" per foot slope. This variation, when compared to configuration #2,

provides data that shows the influence of the sequence of piping segments on the j

indicated level ena Other parametric variations performed on this configuration were ;

l-12 :
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selected so as to provide similar comparisons as was done for configuration #2:

configuration #3a included a 1/4" orifice located 4' below the free surface of the coupling

chamber; #3d replaced the nearly horizontal segment of configuration #3a with 1/2"

tubing; #3c used a shortened vertical segment of approximately 17' length; and

configuration #3e varied the horizontal slope of configuration #3c to 1/4" per foot to

investigate effects of slope on level error.

Due to program scheduling limitations, the originally proposed configurations #4 and #5

of the Test Plan (Ref.1) were skipped (with Model and Test Committee (MATC)

approval), and configuration #6 was tested next. This configuration had a 25' vertical

segment connected to the coupling chamber, followed by a 117' nearly horizontal Rev.1
segment having 1/2" per foot slope, and then another 22' vertical segment, all built from

,

1" SCH 80 stainless steel pipe. This configuration had an overall vertical drop of nearly

52', and a large horizontal pipe volume, and thus generated some of the largest level

errors of the testing program.

,

The final configuration tested, #7, was a mock-up of the Hanford WNP-2 "C" channel

reference leg, built from plant-supplied isometric drawings, and included an orifice and -

excess flow check valve as they exist on the actual plant water level reference leg. This ;

geometry was tested at both rapid design basis accident depressurization rates, and at a

slow depressurization rate that simulated a plant shutdown operation.

1.9 Description of Report Sections Rev.1

The remaining sections and Appendices of this report provide additional details on the

results from and procedures used in the reference leg depressurization tests, Section 2

prer,ents a summary of the results of the tests, including some general conclusions that

may be drawn from the documented results. Section 3 provides additional background on

the test facility and instrumentation used in the collection of the experimental data.

Section 4 details the processes used in the reduction of the raw test data to correct for Rev.I
configuration influences and instrumentation calibration effects. Section 5 provides

additional details on the asImeasured configurations tested, and includes additional

results of the test program. References for this report are listed in Section 6, the |
'

processed time histories of the pressure instrumentation for all tests are presented in

Appendix A, documentation on the maximum concentration of non-condensable gas used

|
|
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in the test program is in Appendix B and Appendix C documents the test procedures and'
,

- how the data were taken to assure that a quality-related testing program was employed. ,
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SECTION 2 SUMMARY OF RESULTS ,

i

!

2.1 GeneralObservations !
1

The following observations are for bounding data and are not plant specific. As shown in !

Fig. 2.1, of the 94 depressurization tests on 13 configurations, the largest indicated height

loss was approximately 51% of total height sensed by the differential pressure cell for i

Configuration #6. As can be seen in Fig.1.4, such a large percentage of total vertical

height loss can be achieved for this configuration with only 18% of the total volume

displaced. This high sensitivity of height loss to volume loss provides an extreme upper

bound. Fig.1.5 shows that for the majority of BWR reference legs, a 20% volume loss ;

corresponds to only a 5% to 10% loss in indicated vertical height loss. The majority of

the level errors recorded in the testing program reflected a similar 5% to 15% of total

vertical column height reduction. ,

f
;

For most of the configurations tested, at least six runs per configuration were made using

three dissolved gas concentrations of approximately 300,600 and 1100 ppmy, and two

rapid depressurization rates, corresponding to generic LOCA and ADS /ATWS accident ;

events. This ppmv volumetric concentration measurement best represents the expansion [

capability of the non-condensable gases coming out of solution as the pressure is

lowered, since it equates moles of gas per moles of water, and thus would produce the
'

same volumetric expansion for the same concentration, regardless of gas type. He upper

bound on the gas concentration used was based upon calculations (detailed in Appendix ,

B) for an assumed stochiometric mixture of hydrogen and oxygen in the condensing

chamber that showed the maximum level was limited by RPV pressure and temperature ,

dependent gas solubility in the reference leg. The lower limit was selected after repeated

testing of Configuration #1 showed no level error for dissolved gas concentrations of 100 {
ppmv and lower.

The two depressurization rates were selected as being typical of the postulated LOCA and ;

ADS /ATWS events for the majority of operating BWRs, and were controlled through

insertion of an orifice disk having either a 0.157" or 0.266" diameter hole into the vent Rev.I
line to the exhaust stack. While the actual accident scenarios for LOCA, ADS or ATWS

events may include rapid depressurization to pressures other than one atmosphere, it was

concluded that the testing schedule could be accelerated and the results could be made |

,

2-1 ;
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more bounding if the depressurization went directly to atmospheric conditions. End point . }
Rev.1 -

pressures other than atmospheric were investigated during tests on Configuration #1.
*

,

!

'
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Fig. 2.1: Summary of Fractional Differential Pressure Losses !

I
1

Both end-point level errors and transient pressure data were recorded as part of the ;
.

experimental program. Due to the " accumulator" function of the coupling chamber |
<

located at the top of the piping configurations tested, most of the transient data showed a

indicated level error greater than the final endpoint level error. This is primarily due to - j

the migration of gas voids up the pipe, from areas of smaller cross-sectional area to those |
of greater area. Since the coupling chamber diameter was typically three times that of the

pipe geometries tested, small resultant (or residual) level errors could show a transient
u

.

level decrease as much as nine times the steady-state value. Thus, differential pressure j
data typically showed a reduction during depressurization, followed by a " recovery" j

process where the indicated test reference leg level would increase to its final steady-state |Rev. I {

value, ;

i
e

Tabulated end-point level errors are summarized in Table 2.1 for all 94 configurations. j

This table includes a cross-reference between test number and configuration, gas type, |
!

concentration, depressurization rate, and finallevel error. Inspection of this table, and the

transient data of Appendix A, provide the basis for making several general observations :

on the influence of various effects on indicated level error. i
i

!
|

i
!
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Table 2.1: Summary of De-Gas Test End-Point Data

De Gas Testing Summary

Date Run # Test # Cfg. Gas Cone. Oriflee dt to Pf P(Initial) P(final) Level Err Notes

10 Mar 11 1 1 N2 597 0.25 210 1027 27 3.5

10 M a r 2 1 N2 637 < 0.2 5 500 1037 14.7 1.6 1

10- M a r 12 3 1 N2 617 0.25 210 1036 28 3.4

10- M a r 4 1 N2 647 0.313 130 1040 14.7 7.9
11 -M a r 1-3 5 1 N2 627 0.25 260 1036 14.7 3.4
11-M a r 1-5 6 1 N2 109 0.25 210 1033 28 0.5

11-M a r 1-4 7 1 N2 89 0.25 260 1037 14.7 N.A. 2

12- M a r 1-4 8 1 N2 79 0.266 LOCA 1032 14.7 0.2

12 M a r 1-7 9 1 02 1021 0.266 LOCA 1034 29 35.6
12 M a r 1-6 10 1 02 1051 0.266 LOCA 1030 14.7 44.8
12-M a r 1-10 11i 1 02 1071 0.157 ATWS 1036 14.7 4.0

15-Marl 1-9 12 1 N2 657 0.157 ATWS 1036 14.7 0.9

16-M arl 2-1 13 2 O2 1160 0.157 ATWS 1035 14.7 17.9 3

16-M a rl 2-4 14 2 N2 567 0.157 ATWS 1029 1 A.7 3.6

16-M a rl 2-4 15 2 H2 607 0.157 ATWS 1030 14.7 3.9

17- M a r 2-4 16 2 N2 647 0.157 ATWS 1034 14.7 3.8 (
17-M a r 2-4 17 2 O2 537 0.157 ATWS 1030 14.7 6.9

17- M a r 2-3 18 2 N2 617 0.266 LOCA 1030 14.7 19.4
18 Mar 2-1 19 2 02 1110 0.157 ATWS 1031 14.7 6.9

18- M a r 2-1 20 2 O2 1130 0.157 ATWS 1029 14.7 6.8
18-M a ri 2-2 21 2 O2 1170 0.266 LOCA 1030 14.7 21.5
19 M a r 2-5 22 2 02 307 0.266 LOCA 1032 14.7 9.0
19-M a r 26 23 2 O2 307 0.157 ATWS 1034 14.7 8.4

19-Marl 2a-1 24 2a 02 1110 0.266 LOCA 1032 14.7 20.5

22-M a ri 2a-2 25 2a 02 695 0.266 LOCA 1030 14.7 20.0
22-Marl 2a-3 26 2a 02 297 0.266 LOCA 1031 14.7- 14.5

22-Mar 2a-4 27 2a 02 1141 0.157 ATWS 1030 14.7 3.7

2 2-M a r 2a-5 28 2a 02 616 0.157 ATWS 1031 14.7 3.8

23-Marl 2a-6 29 2a 02 287 0.157 ATWS 1031 14.7 5.2

23.M a rl2 b- 1 30 2b 02 1130 0.266 LOCA 1031 14.7 41.7
23.M a r l 2 b - 2 31| 2b 02 626 0.266 LOCA 1031 14.7 40.5

23 Marl 2b-3 32 2b O2 297 0.2 6 6 LOCA 1031 14.7 10.8
24-Marl 2e-1 33 2c 02 1200 0.266 LOCA 1032 14.7 10.7
24 Marl 2c-2 34 2c 02 635 0.266 LOCA 1030 14.7 7.7

24 Marl 2c-3 35 2e 02 346 0.266 LOCA 1030 14.7 9.7

25 Mart 2d 1 36 2d O2 1110 0.266 LOCA 1030 14.7 8.0

25-Marl 2d-2 37 2d O2 616 0.266 LOCA 1030 14.7 4.9

25 Mari2d-3 38 2d O2 317 0.266 LOCA 1030 14.7 2.1

25-Marl 2d-4 39 2d 02 1110 0.157 ATWS 1030 14.7 . 2.9

26. Marl 2d 5 40 2d O2 715 0.157 ATWS 1027 14.7 2.2

26. Marl 2d 6 41 2d 02 317 0.157 ATWS 1031 14.7 1.9

29-Mar 3-1 42 3 02 1200 0.266 LOCA 1031 14.7 34.9
29 Mar 3-2 43 3 02 675 0.266 LOCA 1031 14.7 6.2

29 Mar 3-3 44 3 02 376 0.266 LOCA 1031 14.7 5.3

29-Mar 3-3 45 3 02 327 0.266 LOCA 1030 14.7 6.8

3 0-M a r 3-4 46 3 02 1150 0.157 ATWS 1030 14.7 10.0
30-Mar 3-5 47 3 02 675 0.157 ATWS 1030 14.7 5.5

30-Marl 3-6 48 3 02 336 0.157 ATWS 1030 14.7 6.2

3 0-M a ri 3 a-1 49 3a 02 1140 0.266 LOCA 1030 14.7 26.8

31-Mar 3a 2 50 3a,02 606 0.266 LOCA 1031 14.7 19.6
31 Mar 3a 3 51 3a , _, 3 4 6, 0.266 LOCA 1031 14.7 11.7'

31 M a r 3a-4 52 3 a i.. . 10011 0.157 ATWS 1031 14.7 20.6
31-M ar 3a-5 53 3 alO2 | ~6 3 5l 0.157 ATWS 1030 14.7 14.6
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Table 2.1 (cont.): Summary of De-Gas Test End-Point Data

31 M a r! 3a-6 54 3a 02 287 0.157 ATW3 1030 14.7 9.6
1-Apr 3d-1 55 3d 02 1130 0.266 LOCA 1030 14.7 25.5
1 Apr 3d-2 56 3d O2 655 0.266 LOCA 1030 14.7 19.5
1- A p r ' 3d-3 57 3d O2 307 0.266 LOCA 1030 14.7 11.7
1- Apr 3d-4 58 3d 02 1120 0.157 ATWS 1029 14.7 13.7
2-Apr 3d-5 59 3d O2 635 0.157 ATWS 1030 14.7 12.4
2 Apr 3d-6 60 3d O2 336 0.157 ATWS 1030 14.7 7.0 .

'
5 Apr. 3c.1 61 3e 02 1081 0.266 LOCA 1030 14.7 28.7
5-Apr 3c 2 62 3e 02 626 0.266 LOCA 1030 14.7 8.5
5 Apr 3c 3 63 3e 02 297 0.266 LOCA 1030 14.7 5.0
5 Apr 3c-4 64 3c 02 1150 0.157 ATWS 1030 14.7 21.9
5 Apr 3c-5 65 3c 02 616 0.157 ATWS 1030 14.7 8.9 i

6 Apr 3c-6 66 3e 02 287 0.157 ATWS 1030 14.7 1.7
6- A p r 3e -1 67 3e 02 1150 0.266 LOCA 1030 14.7 18.6
6-Apr 3e -2 68 3e 02 616 0.266 LOCA 1030 14.7 6.1
6- A p r ' 3e -3 69 3e 02 327 0.266 LOCA 1030 14.7 5.6 >

6 Apr 3e -4 70 3e O2 1150 0.157 ATWS 1031 14.7 17.1
7- A p r 3e -5 71 3e 02 596 0.157 ATWS 1030 14.7 4.0
7 Apr 3e -6 72 3e 02 287 0.157 ATWS 1030 14.7 5.1
8. A p r ! 6-1 73 6 O2 1130 0.266 LOCA 1030 14.7 324.4
8- A p rl 6-2 74 6 O2 1021 0.2 6 E LOCA 1030 14.7 324.3
8 Apri 6-3 75 6 O2 556 0.266 LOCA 1030 14.7 313.8
8 A p ri 6-4 76 6 O2 268 0.266 LOCA 1030 14.7 51.8
8 Apri 65 77 6 O2 1071 0.157 ATWS 1030 14.7 213.9

,

'9 Aprl 6-5 78 6 O2 616 0.157 ATWS 1030 14.7 n/a 4

9- Aprl 6-6 79 6 O2 287 0.157 ATWS 1030 14.7 47.9
9- Ap rl 6-5 80 6 O2 556 0.157 ATWS 1030 14.7 203.9

13- A p rl 7-1 81 7 02 1091 0.266 LOCA 1031 14.7 n/a 5

13- Apri 7-1 82 7 02 1130 0.266 LOCA 1030 14.7 , 70.1
13 Apri 7-1 83 7 02 1110 0.266 LOCA 1029 14.7 83.2 i

14 Aprl 7 2 84 7 02 695 0.266 LOCA 1030 14.7 24.0 |
14 Aptl 7-3 85 7 O2 307 0.266 LOCA 1030 14.7 10.4 |
14- A pel 7-4 86 7 02 1209 0.157 ATWS 1030 14.7 104.7 !

'

14 Apr | 7-5 87 7 02 616 0.157 ATWS 1030 14.7 14.4

14 Apr 76 88 7 02 317 0.157 ATWS 1030 14.7 11.1 ,

14- A p r 77 89 7 02 42 0.266 LOCA 1030 14.7 0.0 |

15 Apri 7 8 90 7 02 715 n/a S.D. 1015 14.7 7.1 6 |

16 Aprl 7 9 91 7 02 317 n/a S.D. 1015 14.7 2.7 6 |

!22 A p r t 7-10 92 7 02 513 0.266 LOCA 1030 14.7 14.7
23- Apri 7 11 93 7 02 179 n/a S_.D. 1015 14.7 0.8 6 1

'

23- A p ri 7-12 94 7 02 189 0.157 ATWS 1030 14.7 0.8

Notes: ! |

(1) A stuck solenold valve forced a blowdown using the nitrogen in}ection port.
(2) Impreper re-injection of pre-mixed solution following sample resulted in a reference leg

} that was not completely filled prior to blowdown. | |

(3) Pre-mixed tank ran " dry *' during latter portion of solution injection, introducing
| gas into the reference leg and resulting in large errors.

(4) Suffered power outage during blowdown event. | |

(5) Nolse on replacement data acquisition card invalidated transient data.
(6) Slow depressurization run to simulate 8 hr plant shutdown i
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2.2 Gas Concentration ;

As would be expected, in most cases tested, the higher concentration of dissolved gas, the~

larger the indicated level error, due to the larger volume that the gas can occupy when -

expanded to atmospheric conditions. The influence of concentration was not directly ;

linear, due to dynamic effects associated with configuration geometry and at what time

during the depressurization the gas came out of solution.

2.3 Gas Type

While two gas types (nitrogen and oxygen) were investigated in testing Configuration #1,

the closest test points for gas type comparison are the data from tests #14 and #17 on j

Configuration #2, which were both ATWS-type depressurizations for gas concentrations

near 550 ppmv. Since oxygen is more soluble than nitrogen, a nitrogen mixture would

require a higher equilibrium partial pressure, and would begin to come out of solution

sooner in the depressurization event. Nominally the same volume of gas would be

released at one atmosphere, therefore the volumetric growth rate for the oxygen gas

would be larger, and hence the dynamic expansion forces would be correspondingly

greater, resulting in increased level error. This hypothesis was bome out by these data,
,

and as a consequence all subsequent tests used oxygen as the non-condensable gas in

order to provide more bounding estimates for the static and dynamic level errors.

2.4 Configuration Variations -

Geometric variations of reference leg piping systems have a profound imoact uoon the

level error resultine from degassing due to rapid deoressurization. While some of the

configuration variations explored in the test matrix were for piping systems having the

same volume, the majority required a reduction of total reference leg volume in order to

evaluate selected parameters. Because the amount of non-condensable gas is controlled

on a volumetric basis for the tests, a reduction of reference leg volume at the same
,

dissolved gas solution concentration is equivalent to a reduction in the total amount of

gas in the system. Direct comparison oflevel enors between configurations of differing i

volumes would not necessarily provide a suitable basis to separate out the influence of

geometry over simple volume displacement capability. In order to assess the geometric

dependencies oflevel error, data in the comparisons below has been further reduced by ,

i

r
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calculating fractional height loss and corresponding fractional volume loss, based upon

the configuration height - volume sensitivities presented in Section 6.

2.4.1 Horizontal- VerticalSegment Sequence
.

The most obvious difference between horizontal and vertical piping segment sequences

for similar volumes can be seen through comparison of results from Configurations #2

and #3. Configuration #2 has a greatly reduced sensitivity of height loss to volume loss

compared to Configuration #3, and thus for the same displaced volume, one would expect

the indicated height loss for Configuration #3 to be significantly larger. However, since

the primary transport mechanism for gas bubbles is buoyancy, one would also expect that

bubbles rising through vertical segments would provide additional momentum and

mixing in any horizontal segments they may enter later, and thus help to " strip" gas out of

horizontal segments that would othenvise form gas bubbles through diffusion to the pipe

surface only. Both of these competing effects can be seen in comparison of tests #21

(Config. #2) and #42 (Config. #3). While test #21 shows a reduced level error,its

orientation is such that the volume required to produce this level loss is greater than that

for test #42. As a result, the level errors for these two configurations are not as different

as one may think they should be based upon static displacement arguments alone.

2.4.2 Length Dependencies

Effects of variations in lengths of vertical segments are illustrated between

Configurations #2a and #2c, and #3a and #3c in Figs. 2.2 and 2.3 below. Since the

valumes for these configurations are different, direct comparison of indicated level errors

does not convey the differences due to dynamic effects such as " stripping" by bubbles in -

long vertical segments. Comparison of the equivalent fractional volume lost for each

configuration shows that, for configurations #2a and #2c, the fractional volume for #2a is

larger by almost a factor of two for the highest concentration tested, but approximately

equal for configurations #3a and #3c. Thus, increased length of vertical segments has an

additional impact if any horizontal segment is exposed to the dynamic migration of

bubbles from these longer segments to the upper surface of the coupling chamber.

:

|
'
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i Effect of Vertical Length: Cfg #2a and #2c LOC /

0.200 --

0.150 --
fg 2a
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0.100 --
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0.050 --

0.000 - 1 1 4
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Gas Conc. (ppmv)

Fig. 2.2: Fractional Volume Lost as a Function of Vertical Length, Cfg. #2.

Effect of Vertical Length: Cfg #3a and #3c LOC /
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0.120 --
0.100 --

Fractional 0.080 -- E Cfg 3a

Volume Lost 0.060 -- O Cfg ac
-

0.040 --
0.020 --,

0.000 - 1 -1 4
' '

1100 600 300
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Fig. 2.3: Fractional Volume Lost as a Function of Vertical I.cngth, Cfg. #3.,

2.4.3 Orijice Effects

,

Variations with and without orifices can be seen in comparisons between Configurations

#2 and #2a, and #3 and #3a. While the offset 1/4" orifice of Configuration #2a on'.y

appears to increase the level error associated with lower concentrations of disso'.ved gas

solutions (shown in Fig. 2.4). the orifice of Configuration #3 shows an increase in level

2-7



error for the medium concentration test results as well. This orifice may impede the

release of gas to the free surface of the coupling chamber, providing an increased

volumetric expansion rate at lower pressure and correspon tingly higher dynamic

expansion forces, resulting in increased mass loss.

Effect of Orifice: Cfg #2 and #2 LOCA

25 --
,

20 --

15 -. E Cfg 2
Level Error

10 -- O Cfg 2a

5-- i

1 -1 4
1100 600 300 :

Gas Conc. (ppmv)

\ ,'

Fig. 2.4: Effect of Orifice on Level Errors for Config. #2

Effect of Orifice: Cfg #3 and #3a LOCA

35 --
30-- <

'

25 -- ECfg3
|20 --

Level Error 15-- O Cfg sa
<

.

.

0- 1 I 4

1100 600 300

Gas Conc. (ppmv)

Fig. 2.5: Effect of Orifice on Level Errors for Config. #3 |
i

4
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2.4.4 Slope Variations

The only direct variation of slope in the test matrix was between Configurations #3c (1/2"

per foot) and #3e (1/4" per foot). Most of the decrease in level error is associated with

the higher concentration levels, as shown in Fig. 2.6 below. Slope would primarily affect ,

the bubble rise velocity in nearly horizontal sections of pipe, but it appears that this effect

is minimal for the slope variation investigated except for solutions having high

concentrations of dissolved gas. Bubble rise velocity would be determined by a balance

of buoyant forces with surface tension and friction effects, and could be significantly

reduced in lines having only minimal slopes, such as certain segments of Configuration

#7.

Effect of Slope: Cfg #3c and #3e LOC /

3 0.0 - -

25.0 --

20.0 " E Cfg 3c
Level Error 15.0 --

10.0 .
Cfg 3e

5.0 --

0.0 - 1
-- -i

1100 600 300

Gas Conc. (ppmv)

Fig. 2.6: Effect of Slope on Level Error, Config. #3.

2.4.5 Pipe Diameter Effects

Changes to pipe diameter, from 1" SCH 80 pipe to 1/2" nominal s.s. tubing, were

designed to show the influence of pipe cross section on level error. Since such reductions

in area would also reduce the net volume, the fractional volume loss for Configurations

#2 and #3 are shown in Figs. 2.7 and 2.8. Fig. 2.7 indicates that a reduction in pipe

diameter in the vertical segment results in smaller nondimensicnal volume losses, which ;

would be expected, since the corresponding height - volume characteristic for such a

modified reference leg would exhibit a reduced sensitivity ofindicated height to volume
!

loss. A similar height - volume dependency would be expected, and is seen, in Fig. 2.8,

2-9
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since the change in area between Configurations #3a and #3d effectively redistributes

more of the volume to the vertical segment of the configuration. Such a redistribution'

would thus have a larger fractional height error for the same fractional volume loss. As i

an additional comparison, the actual level errors associated with these changes for

Configuration #3 are presented in Fig. 2.9, where it can be seen that essentially no role is

played by this reduced horizontal segment area on the final indicated level loss.

,

s

,

Effect of Diameten Cfg #2a and #2d LOCA
i

0.200 -- ,

,

0.150 --

Fractional
0.100 -- ,

Volume Loss O Cfg 2d
0.050 -- |

0.000 - a !
I

2

1100 600 300
|
'

Gas Conc. (ppmv)
!
!

Fig. 2.7: Effect of Pipe Diameter on Fractional Volume Loss, Config. #2. !
:
t

IEffect of Diametec Cfg #3a and #3d LOCA

0.200 -- !

I

0.150 --
E Cfg 3a

Fractional
0.100 --

Volume Loss O Cfg 3d
' O.050 --

0.000 - 1 --1 --4
1100 600 300 ,

Gas Conc. (ppmv)

Fig. 2.8: Effect of Pipe Diameter on Fractional Volume Loss, Config. #3.
'

.

N
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Effect of Diameter: Cfg #3a and #3d LOCA

30.0 --

25.0 --

20.0 - g Cfg 3a
Level Error 15.0 --

10.0 .
O Cfg 3d

5.0 --

0.0 - 1
-

-1

1100 600 300

Gas Conc. (ppmv)

Fi j. 2.9: Effect of Pipe Diameter on Level Error, Config. #3.

Pipe diameter was seen to play a substantial role in the end-point indications of the

differential pressure transducer for tests on Configuration #7. As is explained in more

detail in Section 6, the large indicated level errors for that configuration suggested that an ,

exceptionally large mass of water had to have travelled out of the reference leg and down

the spillway. Subsequent post-test measurements on the actual volume remaining in the

leg indicated that the differential pressure reading was in fact not indicative of the water

volume remaining in the leg, and thus, voids must exist in the piping system of this

configuration to account for the discrepancy between indicated level and system water
,

volume. Post-blowdown procedures were added to nicasure the remaining water in the

leg, and these data are reported in tabular forg. ir. Section 6. It is theorized that the

extensive 1/2" tubing present in this configuration allows voids of gas to remain fixed in

vertical piping segments after the system is depressurized, resulting in a head loss

indicated on the differential pressure transducer. The small diameter tubing appears to

allow water surface tension to support these voids.
,

2.5 Depressurization Rate

Inspection of Table 2.1 reveals that, on average, the faster the depressurization rate, the ,

larger the level error. This effect is primarily due to the added dynamic forcing on the

water mass that results from a greater volumetric expansion rate for the non-condensable

gases that come out of solution for the faster depressurization test points.
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2.6 Notching Behavior

1

" Notching", or the fluctuation ofindicated level due to gas release in the reference leg,

was observed on a large number of configurations tested. High frequency fluctuations,

seen on the data for Configurations #2 and #3, is thought to be random fluctuations in
;

small bubble migration, whereas the slower, more discrete jumps in indicated level can be
'

seen on the test for Configuration #7. It is believed that this latter behavior is caused by

slug-flow migration of gas voids between horizontal and vertical segments of piping, and

thus accounts for the significant activity seen on the transient data for tests on

Configuration #7.

i
;2.7 Repeatability

'

Repeatability was investigated in the first two tests, and again whenever panicularly

unique transient data was recorded, such as for test #19 and #20. In every instance

investigated, both the final level errors and the general shapes of the transient pressure

time histories showed marked repeatability.
t

3

2.8 System Pressure at Initial De-gassing

The system pressure at which de-gassing was first observed in the transient data is shown

in histogram format in Figure 2.10. In every test using oxygen, indicated reference leg ;
water level did not decrease until the system pressure dropped below 220 psia. This

'

-

pressure is to be compared to the equilibrium saturation pressures of 197,395 and 733'
Rev.1

t

psia for the solution concentrations of 300,600 and 1100 ppmv respectively. While some

of this behavior may be explained by the time lag associated with diffusion of the gas in

solution to the reference leg inner pipe walls, the exact mechanism for this phenomenon !
t

is unexplained. ;

!
!

.i

!

:

i

.
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SECTION3 TESTFACILITY

3.1 Introduction
.

Design of the test facility was divided into three separate functional groups: (1) the

reference leg piping geometries to be tested; (2) the pressure vessel simulator, to provide

a desired depressurization time history and establish proper initial conditions; and (3) the
,

pre-mixed gas-water solution preparation system, to control the concentration of non-

condensable gases introduced into the reference leg piping.

3.2 General Description

A general schematic diagram of the experimental apparatus is shown in Fig. 3.1 below,

along with instruments used in the recording of data for the experiment.

Coupling Chamber

h AirTemp.
T1 Thermocouple

Exhaust Stack
- _

Sampling Line

Dual-vo1O-f
Sampkr | |Orifice Reference e est

Leg F8 mixtum

h'[ T. Blovdown
D Valve !

to injectp
e m mixture

'
10 cu. ft.
PIessure

2 Vessel Y ' Flav Pre-Mixed 2
N '

J P1 Meer GWh> <

De-Mineralized
Dram.

Water Supply

Figure 3.1 Schematic of De-Gas Test Apparatus.

;

;

I
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3.2.1 Reference Leg Geometries
,

Reference leg geometries were constmeted from stainless steel pipe or tubing, in order to

accurately reproduce the same intemal wall roughness and hence provide similar

conditions for potential nucleation sites where the non-condensable gas begins to come

out of solution. Segments of pipe were joined using socket welded fittings, as is typically

done on reference legs on operational BWRs.

3.2.2 Pressure Vessel

The pressure vessel was build from 6" SCH 80 carbon steel pipe, folded back upon itself
'

into an "S"-shape and supported by I-beams on the floor of the high-bay area at the EPRI- -

NDE Center. This arrangement allowed the proper sizing of the internal volume for an

isentropic blowdown that followed the depressurization for LOCA and ADS /ATWS

design-basis accidents for a BWR-4, but did not require the additional state licensing

requirements of a standard pressure vessel. These vessel pressure time histories may be

seen in the attached time histories in the Appendix. The pressure vessel was attached via

a flange to a 2" vertical steel pipe that provided the connection to a " coupling chamber", a

geometrically similar device to a conventional condensing chamber that was welded to ;

the reference leg under test.

3.2.3 Pre mixedSolution Source
;

Pre-mixed solutions of non-condensable gas and demineralized water were prepared by

pressurizing a panially filled tank, and then agitating until equilibrium saturation

conditions were achieved. Three tanks were constructed from 6" SCH 80 stainless steel,

each of approximately 20' in length, and the agitation was provided by rocking the tanks

in see-saw fashion while suspended from an overhead crane. Approximately 20 to 30

low frequency oscillations were typically required to drive the gas blanket into solution
,

and achieve equilibrium.

,

3.3 Instrumentation ,
.

Primary instrumentation for these tests consisted of absolute pressure measurements of

the pressure vessel, and differential pressure readings between the pressure vessel and the Rev.I

bottom of the filled reference leg under test. Indicated water level loss in the reference

3-2 .
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line was measured using differential pressure instrumentation calibrated for reading -

inches of water column height, much as it would be in the plant. As will be made more -

apparent in Section 6 of this report, this value did not always reflect the actual volume of

water lost from the reference leg, but was still a valuable measurement because it would
Rev.I

directly correlate with instrumentation a BWR operator would have available in the
Icontrol room. Measurements were also made on the actual volume of we.ar remaining in

the reference leg for some of the later runs, and those are reported there as well. Table - !

3.1 lists the instrumentation used in the collection of both end point and transient level

error data, along with other supplemental measurements.

Table 3.1: Instrumentation List for De-Gas Experiment
,

Measurement Symbol Instrument

Differential Pressure DPl Rosemount 1151DP5S Pressure Transmitter

Absolute Pressure Pl Sensotec 440 Pressure Transmitter i

Water Temperature Tl Type J Thermocouple with Omega DP41-TC

meter j

Air Temperature T2 Type J Thermocouple with Omega DP41-TC

meter ;

Gas Concentration LIO2 Dual-volume sampling system, with associated -

LIN2 valves, tubing and graduated cylinders

Computer IBM Compatible PC . |

A/D Data Translation 2801 A/D Board I

3.4 Data AcquisitionSystem
-1

Transient pressure data was acquired using an IBM-PC compatible computer and a DT-

2801 analog to digital interface card. The data acquisition unit was calibrated as a stand-

alone turn-key device, and sampled the pressure transducer data at a 5Hz rate. Operator

intervention was required in determining the length of recorded time history data, through -

monitoring the absolute and differential pressure instrumentation digital displays for

when they reached steady-state conditions.

l
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SECTION 4 DATA REDUCTION Rev.I j

!

4.1 GeneralDescription Rev.1

Data for the De-Gas test was acquired both from calibrated digital display meters and :
*

from a personal-computer based data acquisition system. Both of these sources have

traceable calibration documentation that has been maintained as part of this testing >

program. Corrections to these data include individual instrument calibration curves and

adjustment for physical phenomena as a result of the particular orientation of the sensors

for recording the transient pressure information.
>

;

Before Pressurization Afar Pressurization |.

'

n , a

.

h h
HO HO

2 2

ii.m
>m e-

"" DP1DP1 ,:

i..-

0::: .!:s :
t ;

t

!

DPl = P gh DP1 = ( P - P *3) g h :

HO HO HG E H0
2 g g g

Rev.1 |Figure 4.1: Illustration of DP Cell Reduction with System Pressurization
!

During shakedown testing, it became apparent that an adjustment was required in the -f
differential pressure cell that measured water column height by subtracting pressure in the

pressure vessel from that measured at the low end of the reference leg. Since the gas side -

of the differential sensor would also measure the increased pressure due to the added gas

mass in the column connecting the cell to the upper surface of the reference leg, the ,

differential reading would decrease as the total system was pressurized. Since the
,

4-1 ,
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.

differential cell actually measures the difference in density of the two fluid columns on

each side ofits cell, this adjustment is strictly a function of the static pressure in the

pressure vessel, and is easily accounted for. This adjustment was applied to the time
Rev*1

history data plotted in Appendix A of this report, after the individual calibration curves

were applied to the raw data. Appendix C identifies the details and control of the test

process.

4.2 Quick-look Data Reduction Rev.1
,

Quick-look plots of time histories were made and distributed during the weeks of testing

to BWROG Model and Test Committee (MATC) members using the advertised (not

measured) gains for the instruments, with the understanding that such preliminary non-

Quality related data would still be valuable in helping control the test matrix to deliver

the largest possible set of useful data.

43 Post-test Data Reduction Rev.I

t

Actual instrument calibration curves supplied from approved instmment calibrators have
,

been una in the reduction of the raw time history data given in the Appendix. Best-fit

straight line calibration curves were developed from calibrator supplied reference data, ,

and these were applied to the transient pressure data prior to plotting. Corrections were ;

also made to adjust indicated differential pressure when the system was at other than

atmospheric pressure. Note that the transient data still show some evidence of differential

pressure fluctuation during the initial blowdown transients; these are most likely due to

the high flow rates of the nitrogen gas past the pressure port on the pressure vessel during

the blowdown process. ,

I

|

!

l

!
|
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SECTION 5 TESTED CONFIGURATIONS Rev.1

As-built specifications for reference leg configurations were recorded per the De-Gas test

procedures, and these data were convened to spreadsheet format to both aid interpretation

of the transient pressure data and provide a basis for possible future correlation efforts

against an analytical model. These spreadsheets are presented below for each

configuration, along with any additional data that may be peninent to the correlation and

interpretation effort. Reference leg geometries are represented by straight pipe segments

connecting identified node points. These nodes are represented by elevation reference (in

feet and inches) relative to a fixed reference point, length of pipe or tube (in feet and

inches) from the previous node point to the current node point, azimuth orientation of the

connecting pipe segment (in degrees) relative to a reference compass orientation, and

nominal pipe diameter and schedule of the connecting ;egment. These geometry data

were then used to compute the Cartesian coordinates of the node points (given in feet)

and the cumulative volume (" sigma-v", in cubic feet), cumulative volume fraction

(" sigma-v/V") and cumulative fractional height (" sigma-h/H") at each node point. These

fractional volume and height data were used to characterize the configuration geometries

in Figure 1.4 of Section 1. For Configuration #7, the node points are represented by

Canesian coordinates directly (in inches), since these were measured relative to the North

corner in the hi-bay at the EPRI-NDE Center in Charlotte, N.C. Slopes (measured in

degrees) for some of the segments that were located above the roofline at that facility are

also included, where these were used to compute Cartesian coordinates that were not ,

directly measurable. Additionalinformation identifying particularlocations of orifices,

valves, couplings and instrumentation are given in the " reference" column of each

spreadsheet.

Additional measurements of Configuration #7 volume was made after high concentration q

!testing indicated a surprisingly large level error, which would suggest that over half the

internal water volume had been voided for a particular test. The system of Configuration

#7 was repressurized after all blowdown pressure transients had died down, and an

additional end point was taken while the system was at pressure. In addition, the

remaining volume was drained and measured using a graduated beaker, in order to assess ' !

how the large indicated level errors were possible for this configuration. The conclusions _f
based upon these observed results is that the small diameter (1/2") tubing that is present ]
on a majority of the piping system can sustain sufficient surface tensions to allow trapped .j

voids in vertical segments that do not rise to the reference leg free surface with time.
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These trapped voids in the vertical lines, then, would have a net decrease in density

sufficient to cause significant indicated level errors on the differential pressure

transducer. The post-test volume measurements are given in the table below. :

,

Table 5.1 Post-Test Volume Measurements for Configuration #7 Rev.1

De-Gas Testing - Post test reference leg
volume measurement summary :

Fullleg = 5750 ml *

Date Run # Test # Measured
Vol.

14-Apr 7-2 84 4700
14-Apr 7-3 85 5100
14-Apr 7-4 86 4000
14-Apr 7-5 87 5000
14-Apr 7-6 88 5250
14-Apr 7-7 89 N.A.
15-Apr 7-8 90 5100 -

16-Apr 7-9 91 5400
22-Apr 7-10 92 5250
23-Apr 7-11 93 5650

7

23-Apr 7-12 94 5650

.

h

e

>

5
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Table 5.2: Configuration #1 As-Built Geometry |Rev.1

Config.1 |

De-Gas Test Geometry

Fkt Elev. (ft) (in) d-1 (ft) On) azim dia Sdied x(ft) y(ft) r(ft) sigma-v (sigma-v)A sigma-tvH
CC. top 0 0 0 0 0 0 0

-2.37 2.37 3 80 0 0 -0.1975 0.009695 0.052253 0.006691
5 87 3.5 2.53 0 0 0 -0.48917 0.019877 0.107136 0.016573

-11.25 5.38 2 80 0 0 -0.9375 0.029658 0.159855 0.031762
-337.7 326.45 1 80 0 0 -28.1417 0.178034 0.959579 0.953416

DP1 -338.7 1 1 80 0 0 -28.225 0.178489 0.962029 0.956239
ball vtv -3 54.2 15.5 1 80 0 0 -29.5167 0.185534 1 1

Tot. Vol.: 1.391687 gal

Y
w

2

P

'
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Table 5.3: Configuration #2 As-Built Geometry |Rev.1

Config. 2 |
De-Gas Test Geometry

Ref. Elev. (ft) (in) d-I (ft) (in) azim dia Schnd r(ft) y(ft) r(ft) sigma-v (sigma-v)A sigma-hni

CC. lop 0 0 0 0 0 0 0

-2.37 2.37 3 80 0 0 -0.1975 0.009695 0.028123 0.006589
5.87 3.5 2.53 0 0 0 -0.48917 0.019877 0.057662 0.01632

pipe top *11.25 5.38 2 80 0 0 -0.9375 0.029658 0.086036 0.031277
17.4375 6.1875 1 80 0 0 -1.45313 0.032471 0.094194 0.04848

-32.4375 29 11.75 1 80 0 29.9531 -2.70313 0.195982 0.568523 0.090182

5* above dp1 -342.938 25 10.5 1 80 0 29.9531 -28.5781 0.337108 0.977915 0.953432

.5 below dp1 -343.938 1 1 80 0 29.9531 -28.6615 0.337562 0.979234 0.956212
ball vtv -359 688 15.75 1 80 0 29.9531 -29 974 0.344721 1 1

Tot Vol: 2.585752 gals

Y
a

+

t

I
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Table 5.4: Configuration #2a As-Built Geometry |Rev.1

Config. 2a |
De-Gas Test Geometry

Ref. Elev. (ft) (in) d l (ft) (in) aztm dia sded x(ft) y(ft) r(ft) sigma-v (sigma-v)A sigma-h/H
CC. top 0 0 0 0 0 0 0

-2.37 2.37 3 80 0 0 -0,1975 0.009695 0.028123 0.006589

5.87 3.5 2.53 0 0 0 -0.48917 0.019877 0.057662 0.01632

pipe top -11.25 5.38 2 80 0 0 -0.9375 0.029658 0.086036 0.031277

-17.4375 6.1875 1 80 0 0 -1.45313 0.032471 0.094194 0.04848

25' offset orfc -24.9427 15 0 1 80 0 14.98696 -2.07856 0.114283 0.331523 0.069346

-32.4375 14 11.75 1 80 0 29.9531 -2.70313 0.195982 0.568523 0.090182

5* abeve dp1 -342.938 25 10.5 1 80 0 29.9531 -28.5781 0.337108 0.977915 0.953432

.5 below dp1 ' +343.938 1 1 80 0 29.9531 -28.6615 0.337562 0.979234 0.956212

ban vtv -359 688 15.75 1 80 0 29.9531 -29 974 0.344721 1 1

Tot Vol: 2 585752 gals

(A
b

|

|

I
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Table 5.5: Connguration #2b As-Built Geometry |Rev.I

Conna 2b |
De-Gas Test Geometry

Ref. Elev. (ft) (In) d-l (ft) (in) azim dia S med x(ft} y(It) r(ft) sigma-v (sigma-v)A sigma-Mi
CC.bp 0 0 0 0 0 0 0

-2.37 2.37 3 80 0 0 -0.1975 0.009695 0.028123 0.006589
-5.87 3.5 2.53 0 0 0 -0.48917 0.019877 0.057662 0.01632

pipe top -11.25 5.38 2 80 0 0 -0.9375 0,029658 0.086036 0 031277
-17.4375 6.1875 1 80 0 0 -1.45313 0.032471 0.094194 0.04848

25* offset offc -24.9427 15 0 1 80 0 14.98696 -2.07856 0.114283 0.331523 0.069346
Kfc viv oric -31.9684 14 0.5 1 80 0 29.01641 -2.66404 0.190868 0.55369 0.088878
elbow -32.4375 11.25 1 80 0 29.9531 -2.70313 0.195982 0.568523 0.090182
5' above dp1 -342.938 25 10.5 1 80 0 29.9531 -28.5781 0.337108 0.977915 0.953432
.5 below dp1 -343 938 1 1 80 0 29.9531 -28.6615 0.337562 0.979234 0.956212
ball vfv -359.688 15.75 1 80 0 29.9531 -29 974 0.344721 1 1

Tot Voi: 2.585752 gais

t.n
Ch

,
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Table 5.6: Configuration #2c As-Built Geometry |Rev.I

Conag.2e i
DWas Test Geometry

Ref. Elev. (ft) (in) d-l (ft) (in) azim dia Sched x(f t) y(f t) r(ft) sigma-v (sigma-v)/\ sigma-h/H

CC.bp 0 0 0 0 0 0 0

-2.37 2.37 3 80 0 0 -0.1975 0.009695 0.036403 0.01178

5.87 3.5 2.53 0 0 0 -0.48917 0.019877 0.074638 0.029177

pipe top -11 25 5.38 2 80 0 0 -0.9375 0 029658 0.111365 0.055918
-17.4375 6.1875 1 80 0 0 -1.45313 0.032471 0.121925 0.086673

25* offset orfc -25.4953 15 0 1 80 0 14.98496 -2.12461 0.114283 0.429123 0.126724

elbow -32.9375 13 10.25 1 80 0 28.82524 -2.74479 0.189846 0.712855 0.163715
5* above dp1 -104.438 12 7.5 1 80 0 28.82524 15.3698 0.258704 0.971413 0.916744
.5 below dp1 -185.438 1 1 80 0 28.82524 -15.4531 0.259159 0.97312 0.921715

ba!! vfv -201.188 15.75 1 80 0 28.82524 -16.7656 0.266318 1 1

Tot Vot 1.997648 gals

(A

U
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Table 5.7: Configuration #2d As-Built Geometry |Rev.1

Config 2d |

De-Gas Test Ceametry

Ref. Elev. (ft) (in) d-l tit) (in) azim dta Sched x(ft) y(ft) r(f t) sigma-v (sigma-v)A sigma-tW4

CC. top O O O O O O O

-2.37 2.37 3 80 0 0 -0.1975 0.009695 0.042376 0.00655
-5.87 3.5 2.53 0 0 0 -0.48917 0.019877 0.086884 0.016224

pipe top 11.25 5.38 2 80 0 0 -0.9375 0.029658 0.129637 0.031093
17.4375 6.1875 1 80 0 0 -1.45313 0.032471 0.141929 0.048195

.25* offset offe -25.4953 15 0 1 80 0 14.98496 -2.12461 0.114283 0.499531 0.070465

elbow -32.9375 13 10.25 1 80 0 28.82524 -2.74479 0.189846 0.829815 0.091035

top of tubing -37.4375 4.5 1 80 0 28.82524 -3.11979 0.191891 0.838755 0.103472
.5* above dp1 -359.188 26 9.75 0.5 80 0 28.82524 -29.9323 0.228451 0.998558 0.992745
.5 below dp1 -360.188 1 0.5 80 0 28.82524 -30.0156 0.228565 0.999055 0995509

bait viv -361.813 1.625 0541 80 0 28.82524 -30.151 0 228781 1 1

Tot Vol: 1.716084 gals

Y
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Table 5.8: Configuration #3 As-Built Geometry |Rev.1

Config 3 |
De-Gas Test Geometry

Ref. Elev. (ft) (in) d-l (ft) (in) arim dia Schad x(ft) y(ft) z(ft) sigma-v (sigma-v)t\ sigma-M4

CC. lop 0 0 0 0 0 0 0
-2.37 2.37 3 80 0 0 -0.1975 0 009695 0.028126 0.006595

-5.87 3.5 2.53 0 0 0 -0.48917 0.019877 0.057667 0.016334

pipe top -11.25 5.38 2 80 0 0 -0.9375 0.029658 0.086043 0 031304

elbow -343.75 27 8.5 1 80 0 0 -28.6458 0.180784 0.524479 0.956522

.5* above dp1 -358.649 28 7.875 1 80 0 28.62934 -29.8874 0.33708 0.977913 0.997981
5 below dp1 358.693 1 1 80 0 28.71259 -29.891 0.337534 0.979232 0.998101

baff vfv -359.375 15.75 1 80 0 30.02386 -29.9479 0.344693 1 1

Tot Vol: 2.585539 gals
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Table 5.9: Configuration #3a As-Built Geometry |Rev.I

conre sa |

De-Gas Test Geometry

Ref. Elev. (ft) (in) d-4 (ft) (in) afim dia Sched x(f t) y(ft) r(ft) sigma-v (sigma v)/\ sigma-h/H

CC top O O O O O O O

-2.37 2.37 3 80 0 0 -0.1975 0.00969 0.028126 0.006595

5.87 3.5 2.53 0 0 0 -0.489? O.01988 0.057667 0.016334

pipe top -11.25 5.38 2 80 0 0 -0.9375 0.02966 0.086043 0.031304

.25' orifice -46.75 35.5 1 80 0 0 -3.8958 0.04579 0.132853 0.130087

elbow -343.75 24 9 1 80 0 0 -28.646 0.18078 0.524479 0.956522
.5* above dp1 -358.649 28 7.875 1 80 0 28.629 29.887 0.33708 0.977913 0 997981
.5 below dp1 -358.693 1 1 SO 0 28.713 -29.891 0.33753 0.979232 0998101

ball vtv -359.375 15.75 1 80 0 30.024 -29.948 0.34469 1 1

Tot Vot 2.58554 gats

Y
-
O
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Table 5.10: Configuration #3d As-Built Geometry |Rev.1

Conna 3d I
De-Gas Test Geometry

net. Elev. (ft) (in) d4 (ft) (in) attm dia Sched x(f t) y(ft) 2(f t) sigma-v (sigma-v)A sigma-h/H

CC. top 0 0 0 0 0 0 0

-2.37 2.37 3 80 0 0 -0.1975 0,00969 0.04298 0.006606

-5.87 3.5 2.53 0 0 0 -0.4892 0.01988 0.088123 0.016362
pipe top -11.25 5.38 2 80 0 0 -0.9375 0.02966 0.131486 0.031359

25" orifice -46.75 35.5 1 80 0 0 -3 8958 0.04579 0.20302 0.130314
elbow -343.75 24 9 1 80 0 0 -28.646 0.18078 0 801481 0.958188

coupling -344.074 8 1 80 0 0.6661 -28 673 0.18442 0.817601 0.959093

5* ebove dp1 -358.646 359.25 0.5 80 0 30.579 -29 887 0.22524 0.998575 0.99971

.5 below dp1 358.687 1 0.5 80 0 30.662 -29.891 0.22535 0.999079 0.999823

ball vtv -358.75 1.5625 0.541 80 0 30.79? -29.896 022556 1 1

Tot Vol. 1.69194 gals

Y
-
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Table 5.11: Configuration #3c As-Built Geometry |Rev.I

!

Cenfig 3c |
Deflas Test Geometry

' not. Eley. (ft) (in) d-l (ft) (6n) azim dia sched x(ft) y(ft) r(ft) sigma-v (sicma-v)A sigma-htH

CC. top 0 0 0 0 0 0 0

-2.37 2.37 3 80 0 0 -0.1975 0.009695 0.034996 0.011259
-5 87 3.5 2.53 0 0 0 -0.48917 0.019877 0071752 0.027886

pipe tm -11.25 5.38 2 80 0 0 -O 9375 0.029658 0,10706 0.053444
25* orifice -46.75 35.5 1 80 0 0 -3.89583 0.045794 0.165304 0.22209

elbow -195.5 12 4.75 1 80 0 0 16.2917 0.113402 0.409355 0.928741
5* above dp1 -209.802 28 7,25 1 80 0 28.57933 -17.4835 0269414 0.972519 0.996684

.5 below dp1 -209.844 1 1 80 0 28.66259 -17.487 0.269868 0.974159 0 996882

balf ytv -210.5 15.75 1 80 0 29 97395 -17.5417 0.277027 1 1

Totaf Vol.: 2.07798 gal

Y '

.

<

1
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Table 5.12: Configuration #3e As-Built Geometry |Rev.I

conrg.3. I

De-Gas Test Geometry

Ref. Elev. (ft) (in) d-l (ft) (In} arim dia Sched x(ft) y(ft) r(ft) sigma v (sigma-v)A sigma-h/H
CC. top 0 0 0 0 0 0 0

-2.37 2.37 3 80 0 0 -0.1975 0.009695 0.034996 0.011682
-5,87 3.5 2.53 0 0 0 -0.48917 0.019877 0.071752 0.028934

p6pe top 11.25 5.38 2 80 0 0 -O 9375 0.029658 0.10706 0.055453

25" orlace 46.75 35.5 1 80 0 0 -3 R9583 0.045794 0.165304 0.230437
elbow -195.5 12 4.75 1 80 0 0 -16.2917 0.113402 0.409355 0.963648

5* above dp1 -202.532 28 7.25 1 80 0 28.59816 -16.8777 0.269414 0.972519 0,998309

.5 below dp1 -202.552 1 1 80 0 28.68148 -16.8794 0.269868 0.074159 0 09841

bait viv -202.875 15.75 1 80 0 29 9937 -16.9063 0277027 1 1

Tot Vol 2.07798 gal

Y
G

:

!

1

!

!
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Table 5.13: Configuration #6 As-Built Geometry |Rev.1

Confia. 6 |
DMas Test Geometry

Ref. Elev. (ft) (in) d-l (ft) ('n) ailm dia Sdmd x(ft) y(ft) 2(ft) sigma-v (sigma-v)/\ sigma-h/H

CC. lop 0 0 0 0 0 0 0

-2.37 2.37 3 80 0 0 -0.1975 0.009695 0 010402 0.003785
-5,87 3.5 2.53 0 0 0 -0.48917 0.019877 0.021327 0.009375

pipo top -11.25 5.38 2 80 0 0 -0 9375 0 029658 0.031821 0.017968

elbow -311.75 300.5 1 80 0 0 -25.9792 0.166239 0.178362 0.497904

40 dea -326.75 30 0 1 80 0 29.97395 -27.2292 0 329864 0.353917 0.521861

2nd elbow 370.75 89 1.5 40 1 80 57.23994 98.18985 -30 8958 0.815966 0.875465 0.592134
5* above dp1 -609.375 19 10.625 40 1 80 57.23994 98.18985 -50.7813 0.924424 0.991832 0.973248
.5 tmiow dp1 -610.375 1 40 1 80 57.23994 98.18985 -50.8646 0924878 0992319 0.974845

ball vtv -626.125 15.75 40 1 80 57.23994 98.18985 -52.1771 0.932037 1 1

Tot Vol: 6.991208 rials

Y
-
M
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Table 5.14: Configuration #7 As-Built Geometry | Rey, i

Conft 7 |
De-Gas Test Geometry

Ref. dia Sched v slope r y z sigma-v vlV h/H

CC. top surf 13 12.5 510 0 0 0
1 2 80 13 12.5 504 0.0109 0 054787 0.012072

elbow 2 0.742 80 13 12.5 498 0.0124 0.062328 0.024145
ortftce 2a 0,742 80 3.6 37 16.5 496.47 0.0185 0.092969 0.027219

3 0.742 80 2.5 46.25 18.75 496.06 0.0209 0.104945 0.028054
4 0.742 80 1.7 53 29 495 69 0.024 0.120376 0.028787
5 0.742 80 0.5 19.5 53.5 495.33 0.0344 0.172541 0.029515
6 0.742 80 4 32 73 493.72 0.0402 0.201723 0.032766
7 0.742 80 1.4 68 53.5 492.72 0.0504 0.253195 0.034779
8 0.742 80 0.8 82 72.5 492.39 0.0583 0.28286 0.035441

14 0.957 80 1.5 131 149.5 490 0.0943 0.473742 0.040248

15 0.957 80 90 131 149.5 462 0.106 0.532282 0.096586

ric Inlet 16 0.957 80 0 133 152.5 462 0.1075 0.53982 0.096586

mfc out 17 0.957 fube 5.8 137.5 159 461.2 0.1108 0.556432 0.098194

18 0.37 5.8 144 166.5 460.19 0.1114 0.55955 0.100212g

L 19 0.37 144.5 169 442.69 0.1125 0.565076 0.135423
Ut 20 0.37 2 129.5 146 441.74 0.1142 0.573663 0.137351

21 0.37 131.5 148 385.75 0.1177 0.591182 0.25
22 0.37 139.5 142.5 385.25 0.1183 0.59422 0.251006
23 0.37 140.25 142.5 372.5 0.1191 0.598212 0.27666

24 0.37 131.25 148 372 0.1198 0.601512 0.277666
25 0.37 130.25 154 297 0.1244 0.625027 0.428571
26 0.37 124 201 295.75 0.1274 0.63985 0.431087
27 0.37 125.5 201 262 0.1295 0.650408 0.498994
28 0.37 118.5 264.5 263.25 0.1335 0.670377 0.496479
29 0.37 129.5 265.5 263.75 0.1342 0.673832 0.495473
30 0.37 128.5 276.5 264 0.1348 0.677285 0.49497
31 0.37 118 275.5 263.75 0.1355 0680582 0.495473
32 0. 3' 104 359.5 266.25 0.1408 0.707207 0.490443
33 0.37 128 364.5 265.75 0.1423 0.71487 0.491449

34 0.37 125.5 365.25 226.5 0.1448 0.727163 0.570423
35 0.37 124 376.25 226.75 0.1455 0.730634 0.56992
36 0.37 122 376.25 217.25 0.1461 0.733668 0.589034
37 0.37 125.5 357.25 215.75 0.1473 0.739723 0.592052
38 0.37 116.5 357.25 175 0.1499 0.752765 0.674044
39 0.37 149 5 364.25 172 0.152 0.763349 0.68008
40 0.37 142 460.25 172 0.158 0.793442 0.68008

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



_.

Table 5.14 (con't.): Configuration #7 As-Built Geometry |Rev.1

41 0.37 125 461.25 172 0.159 0.798764 0.68008

42 0.37 125 477.25 171 0.16 0.803774 0.682093
43 0.37 122 483.25 171 0.1605 0.805871 0.682093
44 0.37 121 545.25 170 25 0.1643 0.825251 0.683602
45 0.37 143.75 547.25 168.5 0.1657 0.832409 0.687123
46 0.37 143 547.25 157 0.1665 0.83601 0.710262

47 0.37 142.75 546.25 155 0.1666 0.836714 0.714286

49 0.37 139.25 548.75 48.25 0.1732 0.870102 0.929074
49 0.37 131.5 549.25 48.25 0.1737 0.872529 0.929074
50 0.37 135 600.25 47.5 0.1769 0.888506 0.930584
51 0.37 160.5 600.75 47.25 0.1785 0.896477 0.931087
52 0.37 161.5 684.75 45.5 0.1837 0.922736 0.934608
53 0.37 135.5 686.75 36.5 0.1854 0.931357 0.952716

54 0.37 141.5 759.25 35 0.19 0.954097 0.955734
55 0.37 266.5 759.25 31 0.1977 0.993182 0.963783

56 0.37 270 758.75 31 0.198 0.994286 0.963783

57 0.37 272 761.25 13 0.1991 1 1

Tot vol 1.4935 gal

|-.
cn
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APPENDIX A: TRANSIENT PRESSURE DATA TIME HISTORIES

Raw data from the absolute and differential pressure instrumentation has been processed

using the calibrations measured on these transducers prior to the stan of the de-gas testing

period. These data have also been corrected for effects of increased nitrogen density

when the system is at pressure, in order to aid in the interpretation of the differential

pressure readmg as the reference leg water column height. The time history plots of these ,

data show both corrected pressures as a function of time (in seconds) for each run, with

the left scale representing the absolute pressure reading (in psia), and the right scale the

differential pressure (in inches of water).

Data from the slow depressurization tests has been plotted on a compressed time scale,in

order to fit the entire run on a single page. The plot header field, aside from providing a i

traceable record of when the plot was made, includes the configuration number, test

number, gas type and concentration measured in the sample line prior to the blowdowm

event. The absolute pressure time history may be consulted to determine if the event

simulated a LOCA or an ADS /ATWS depressurization time history.

,

I

A-1



.

CONTINUUM DYNAMICS, INC. CONTRACT 0F169 DC_OCALS MOD 0 5/6/93
DATE: SUN MAY 9 21:06:54 1993 Q AO: 00061 FILE: DEGAS 1.DAT

RUN #: 1 CONFIGH: 1 CAS. TYPE:N2 CONC.: 597 PPMV
1200 360. . . . . .
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.

CONTINUUM DYNAMICS, INC. CONTRACT 0F169 DC_0CALS MOD 0 5/6/93
OATE: SUN MAY 9 21:08:37 1993 O AO: 80072 FILE: DECAS9.DAT

RUN H: 9 CONFIC#: 1 CAS TYPE: 02 CONC. : 1021 PPMV
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CONTINUUM DYNAMICS, INC. CONTRACT 0F169 DC_0CALS MOD 0 5/6/93
D AT E: SUN MAY S 21: 07: 13 1993 O AG: 00063 FILE: DECAS11.DAT .

RUN H: 11 CONFICH: 1 CAS TYPE: 02 CONC. : 1071 PPMV
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CONTINUUM DYNAMICS, INC. CONTRACT #F169 DC_0 CAL.S MOD 0 5/6/93
DATE: SUN MAY 9 21:07:24 1993 O AO: 80069 ' FILE: DECAS12.DAT

RUN #: 12 CONFICH: 1 CAS TYPE: N2 CONC.: 657 PPMV
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CONTINUUM OYNAMICS, INC. CONTRACT #F169 DC_0CALS MOD 0 S/6/93
DATE: SUN MAY 9 21: 08: 49 1993 Q Au: 00073 FILE: DECAS13.DAT

RUN #: 13 CONFICH: 2 CAS TYPE: 02 CONC. : 1170 PPMV
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CONTINUUM OYNAMICS, INC. CONTRA'CTBF164 OC_0CALS MOD 0 S/6/93
OATE: SUN MAY 9 21:10:01 1993 OAO: 80079 FILE: DECAS19.DAT

RUN #: 19 CONFIGH: 2 CAS TYPE: 02 CONC. : 1110 PPMV
1200 360. . . . . .
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CONTINUUM OYNAMICS, INC. CONTRACTHF164 OC_0 cal.S MOD 0 S/6/93
DATE: SUN MAY 9 21: 11: 1S 1993 DAH: B0086 FILE: DECAS26.DAT

RUN H: 26 CONFICH: 2A CAS TYPE: 02 CONC.: 297 PPMV
1200 360. . . . . .
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CONTINUUM OYNAMICS, INC. CONTRACT 0F169 OC_0CALS MOD 0 5/6/93
DATE: SUN MAY 9 21:11:50 1993 O AH: B0089 FILE: DECAS29.DAT

RUN #: 29 CONFIC#: 2 A CAS TYPE: 02 CONC.: 287 PPNV
1200 360i . . . . .

-
_

390' '1000
__;=- . -n

,

-
_

800 320

2 -
- 8

"
M
S 600 300 7>
Y -

_
o

400 280

_

-

\200 260

_

_

%.
0 240' ' '

0 200 400 600 800 1000 1200

TIME ( SEC 1

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



CONTINUUM OYNAMICS, INC. CONTRACTCF169 OC_0CALS MOD 0 S/6/93
O A T E: SUN MAY 9 21: 12: 05 1993 OAu: 80090 FILE: DECAS30.DAT

RUN H: 30 CONFIC#: 28 CAS TYPE: 02 CONC. : 1130 PPMV
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CONTINUUM DYNAMICS, INC. CONTRACT 0F164 DC_0CALS MOD 0 5/6/93
0 ATE: SUN MAY 9 21: 12: 15 1993 0 AH: B0091 FILE: DECAS31. OAT

RUN #: 31 CONFIC#: 28 CAS TYPE: 02 CONC.: 626 PPMV
1200 360
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CONTINUUM OYNAMICS, INC. CONTRACT #F169 OC_0CALS MOD 0 5/6/93
DATE: SUN MAY 9 21: 12: 36 1993 O AG: B0093 FILE: DECAS33.DAT

RUN H: 33 CONFICH: 2C CAS TYPE: 02 CONC. : 1200 PPMV
1200 - 220i . . . . .
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CONTINUUM OYNAMICS, INC. CONTRACTHF169 DC_0CALS M00 0 5/6/93,
DATE: SUN MAY 9 21: 12: 93 1993 O AO: B0099 FILE: DECAS39.DAT

RUN 16 : 34 CONFICil: 2C CAS TYPE: 02 CONC.: 63S PPMV
1200 220
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CONTINUUM OYNAMICS, INC.' CONTRACTHF169 DC_0CALS MOD 0 S/6/93
DATE: SUN MAY 9 21: 13: 13 1993 O AO: 80097 FILE: DECAS37.DAT

RUN H: 37 CONFIC#: 20 CAS TYPE: 02 CONC. : 616 PPMV
1200 380. . . . . .
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CONTINUUM DYNAMICS, INC. CONTRACT 0F169 DC_0CALS MOD 0 S/6/93
D ATE: SUN MAY 9 21: 13: 33 1993 OA9: 00099 FILE: DECAS39.DAT

RUN H: 39 CONFIC#: 20 CAS TYPE: 02 CONC. : 1110 PPMV
1200 380. . . . . .

.

_
_

,

1000 360'

4- . __

uM 340'
,

800 g v

a -
- 8

--

$600 }320

88 e _

__

900 300

_
_

\200 280

.
_

_

0 260' ' '

0 200 900 600 800 1000 1200

TIME (SEC1

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



.

W

$

OP1 ('H2O)

O O O b O O O
co e :r- cu O co e g.
M M M M M CU G.J gn

mQ n s s a s s w
a w-4

*%
-

['
O p'.

O O

a $ LD CO
E -H O

N ,-{

U & .. .

.J<g .

O O
O z
i O

O U Q
QO Oo

Ur ^ cu
myO
.-4 ..

LL ** w - -

O Q- O
- mUc# O CD,

~

at Q tn O
H g< t.O w
Z O . Ig
O H
O Wc _

[y
Og
tu '

.

O y .. jr

H .. OH
TLL.

(n z ,

O O imH O _
-

E i

'<
2 O
>- f T / O

OO ..

Z* O.]g
Dw3

~

G /
C 0 , , , , , , ,

O
O O O O O O O
O O O O * O O
cu O CD t.O T CU

-4 -i

( VISd 1 Td |
!

!

|

A-41
l
i

i
i



.

CONTINUUM DYNAMICS, INC. CONTRACT 0F169 DC_0CALS MOD 0 5/6/93
DATE: SUN MAY 9 21: 19: 03 1993 OAO: 80101 FILE: DECAS91.DAT

RUN 41: 41 CONFICH: 20 CAS TYPE: 02 CONC.: 317 PPMV
1200 380. . . . . .
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_

CONTINUUM OYNAMICS, INC. CONTRACT 0F169 DC_0CALS MOD 0 5/6/93'
DATE: SUN MAY 9 21: 14: 56 1993 O Au: B0105 FILE: DECAS45.DAT

RUN #: 45 CONFICH: 3 CAS TYPE: 02 CONC. : 327 PPMV
1200 380. . . . . .
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CONTINUUM DYNAMICS, INC. CONTRACT 9F169 DC_0CALS MOD 0 S/6/93
D ATE: SUN MAY 9 21: 1S: 09 1993 O Au: 80106 FILE: DECAS96.DAT

RUN #: 96 CONFICH: 3 CAS TYPE: 02 CONC. : 11SO PPMV
1200 380. . . . . .
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CONTINUUM DYNAMICS, INC. CONT R ACTiiF164 DC_0CALS MOD 0 5/6/93
OATE: SUN MAY 9 21:1S:29 1993 O Ali: B0107 FILE: DECAS97.DAT

RUN 16: 97 CONFICil: 3 CAS TYPE: 02 CONC.: 675 PPMV
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CONTINUUM DYNAMICS, INC. CONTRACTHF169 DC 0CALS MOD 0 S/6/93
OATE: SUN MAY 9 21: 1S: 38 1993 OAe: 80108 FILE: DECAS98.DAT

RUN #: 98 CONFICH: 3 CAS TYPE: 02 CONC.: 336 PPMV
1200 380. . . . . .
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CONTINUUM OYNAMICS, INC. CONTRACTOF169 DC_0CALS MOD 0 S/6/93
OATE: SUN MAY 9 21:16:99 1993 OAO: B0113 FILE: DECASS3.DAT

RUN H: S3 CONFICH: 3A CAS TYPE: 02 CONC.: 63S PPMV
1200 380. . . . . .
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CONTINUUM DYNAMICS, INC. CONTRACT 0F169 DC_0CALS MOD 0 S/6/93
DATE: SUN MAY 9 21:18:93 1993 OAO: 80122 FILE: DECASSG.DAT

RUN 11: SG CONFIC4i: 30 CAS TYPE: 02 CONC.: 6SS PPMV
1200 380. . . . . .
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CONTINUUM OYNAMICS, INC. CONTRACTOF169 DC_0CALS M00 0 5/6/93
OATE: SUN MAY 9 21: 18: S3 1993 QAH: 80123 FILE: DECAS57.DAT

RUN 9: 57 CONFICH: 30 CAS TYPE: 02 CONC.: 307 PPMV
1200 380
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CONTINUUM OYNAMICS, INC. CONTRACT 0F169 OC_0CALS M00 0 S/6/93
OATE: SUN MAY 9 21: 17: 23 1993 O AO: 80116 FILE: DECAS62.DAT

RUN H:62 CONFICH: 3C CAS TYPE: 02 CONC.: 626 PPMV
1200 260. . . . . .
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CONTINUUM DYNAMICS, INC. CONTRACT 0F169 DC_0CALS MOD 0 5/6/93
DATE: SUN.MAY 9 21: 17: 91 1993 - 0 AO: 80117' FILE: DECAS63.DAT

RUN #: 63 CONFICH: 3C CAS TYPE: 02 CONC.: 297 PPMV
1200 260. . . . . .
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CONTINUUM DYNAMICS, INC. CONTRACTHF164 DC_0CALS MOD 0 5/6/93
DATE: SUN MAY 9 21: 18: 09 1993 O AO: B0119 FILE: DECAS65.DAT

RUN #: 65 CONFICH: 3C CAS TYPE: 02 CONC.: 616 PPMV
1200 260. . . . . .

.
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CONTINUUM OYNAMICS, INC. CONTRACT 0F169 OC_0CALS MOD 0 5/6/93
OATE: MON MAY 10 16:25: 97 1993 O AO: 801GG FILE: DECAS66.DAT

RUN H: 66 CONFIC#: 3C CAS TYPE: 02 CONC.: 287 PPMV
1200 260. . . . . .
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CONTINUUM DYNAMICS, INC. CONTRACT 0F169 DC_0CALS MOD 0 5/G/93
OATE: SUN MAY 9 21: 20: 10 1993 D AC: B0130 FILE: DECAS70.DAT

RUN 9: 70 CONFICH: 3E CAS TYPE: 02 CONC. : 1150 PPMV
1200 260. . . . . .
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CONTINUUM OYNAMICS, INC. CONTRACT #F164 DG_0CALS MOD 0 5/6/93
O A T E: SUN MAY 9 21: 20: 2S 1993 O AH: 80131 FILE: DECAS71.DAT

RUN H: 71 CONFICH: 3E CAS TYPE: 02 CONC.: S96 PPMV
1200 260. . . . . .
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CONTINUUM DYNAMICS, INC. CONTRACT 0F164 DC_0CALS MOD 0 5/6/93
OATE: SUN MAY 9 21: 20: 40 1993 O AB: 80132 FILE: DECAS72.DAT

RUN 9: 72 CONFIC#: 3E CAS TYPE: 02 CONC.: 287 PPMV
1200 260. . i . . .
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CONTINUUM DYNAMICS, INC. CONTRACTHF169 OC_0CALS M00 0 5/6/93
DATE: MON MAY 10 16: 50: 28 1993 O AO: 80168 FILE: DECAS73.DAT

RUN H:73 CONFIGH: 6 CAS TYPE: 02 CONC. : 1130 PPMV
1200 630, , , , , ,

.
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CONTINUUM DYNAMICS, INC. CONTRACT 0F164 DC_0CALS MOD 0 5/6/93
OATE: MON MAY 10 16: 50: 4 8 1993 O AO: 80169 FILE: DECAS79.DAT

RUN H:79 CONFIC#: 6 CAS TYPE: 02 CONC. : 1021 PPMV
1200 630. . . . . .

: - 600

1000 ~ 570

- 590-

800 510

- 980 8; -

"
U { h- -

S 600 450 j
ruu a

- 920 S" ' -

!
'

400 390

-

k
-- 360

1

200 330

- 300-

0 270' ' ''

0 200 400 600 800 1000 1200

TIME ( SEC 1

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



.

O

DP1 ( 'H2O )

O O O O O O O O O O O O O
M O rs T -i CD W W CD W M O ts

W W W W W T T T M M M M Nn
, , , , , , mm.

C -iw
*N

LD > -
r

O CL

0 "- O
0 O (O$wr LD o

-ig .. #
J ..

<
O O
O z

1 O
O O

OO O
N

CD:r # af
|w@O- ..

LL * * LLI - n

*< O
wE;o O m

< ~O
cc h(D C WG .aOOz r

H
>-

LD -
'

W w.

Og$ j O
..

"'
LA

f
w $z

s
.

.--

O O #'H G - /.gz
<
z LD

rz~ ; O
O O.. ,

Zr OO z 4zD D
'

-z CE -

Om /
z[ /_

0 i i e i g0 . >

O O O O O O O
O O O O O O
N O CD W T N
d -4

(VISd) Td

A-76



DP1 ( 'H2O )

O O O O O O O O O O O O O
M O N 7 -4 CD LD CLI Ol W M C N
W W W W W $ $ T M M M M N On

Q 4 4 I I i 4

a -m
*Nw*> L

t#r iO C1

e'O
. O

OOf&
'i Or w

g .. N -4

_, w . . ,

'< . ~

a ,U .U Q z
i O

C C Oa ,

O Ors
Co

N
s$O .
m
- .. .

u.** w - r -

* < c- t a
1 U >-Q H O m

<$m
~ON 2

H cn < W w'

y.w U ' r
-

O &N
,Og, -

O **

O..

H b O

m$mLL T-

z.
O O
H U _

r
<
z e
>IIN ) O
O O6'

Z Nr

o@a
-

z
a
Z N -

z- -
o<O r1 1 f i 1 f f
g

O O O O O O O
O O O O O O
CU O CD (D 7 CU
H -i

( VISd ) Td

,

A-77



CONTINUUM OYNAMICS, INC. CONTRACT #F169 OC_0CALS MOD 0 5/6/93
DATE: MON MAY 10 16: 30: 48 1993 OAC: 80167 FILE: DECAS77.DAT

RUN 4:77 CONFICH: 6 CAS TYPE: 02 CONC. : 1071 PPMV
1200 630i . . . . .

X - 6007
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- t
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CONTINUUM DYNAMICS, INC. CONTRACTHF169 DC_0CALS MOD 0 5/6/93
D ATE: MON MAY 10 16: 52: 16 1993 O AO: B0172 FILE: DECAS79.DAT

RUN H:79 CONFICH: 6 CAS TYPE: 02 CONC.: 287 PPMV
1200 630. . i i . .
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CONTINUUM OYNAMICS, INC. CONTRACT 0F169 OC_0CALS M00 0 5/6/93
OATE: MON MAY 10 16: 52: 26 1993 O AO: 30173 FILE: DECAS80.DAT

RUN 11: 80 CONFICli: 6 CAS TYPE: 02 CONC.: 556 PPMV
1200 630, , , , , ,
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CONTINUUM OYNAMICS, INC. CONTRACT 0F164 GC_0CALS MOD 0 5/6/93
DATE: SUN MAY 9 21: 23: SS 1993 OAH: 801wS FILE: DECAS86.DAT

RUN 9:86 CONFICH: 7 CAS TYPE: 02 CONC.:1209 PPMV
1200 500. . . . .
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APPENDIX B: MAXIMUM NON CONDENSABLE GAS CONCENTRATIONS

In order to support single gas testing in the De-Gas Test program and to design a test

matrix, calculations were performed to determine the maximum concentration of non-

condensable gas that may be present in the condensing chamber and in the reference leg

water. These are repeated in this Appendix to provide documentation on how this

maximum concentration was detennined.

Dalton's Law of Partial Pressures states that the sum of the partial pressures of the various

gases in any volume must equal the total pressure in that volume. In the vapor / gas space

of the condensing chamber, these gases are saturated steam (water vapor), hydrogen, and

oxygen gas, the latter a result of radiolysis that occurs in the BWR' pressure vessel, such

that:

P OTAL = Pvapor(T) + P 2 + PO2T H

Because these non-ccadensable gases are produced in a stochiometric ratio in the BWR,

it is reasonable to assume they will collect in the condensing chamber in this same ratio.

Thus, for a stochiometric mixture, PH2 = 2 Po2, and since PTOTAL = 1000 psig

(approximately), then:

[ 1000 psig - Pvanor(T) ]
Po2, max =

3

i

From Henry's Law, this gas will enterinto solution in the water surface at the top of the ;

reference leg according to:

x S as(T) x Pgas-massgas = masswater '
g

where S as(T) is the solubility of the gas (on a mass basis), which is a function of gasg

type and temperature, T. Because the volume of gas dissolved directly determines the

amount of water that may be displaced when the gas comes out of solution, the

concentration on a volume basis is determined by multiplying this solubility by the ratio
'

of molecular weights of water to the gas. Thus the concentration of oxygen and hydrogen

are: .

B-1
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t

S 2(T)f[ 1000 psig - Pvapor(T)], andOconco2 =
~Go2

mH2O 2 i

conch 2= SH2(T) 3 [ 1000 psig - Pyapor(T)],
'

OH2

and the total volumetric concentration of non-condensable gas is thus:

S 2(T) + GH2O SO2(T)][ 1000 psig- Pyapor(T)]
WH2O

cone toc.H242 =[ 2 Hs
OH2 Go2

,

where esas is the molecular weight of the gas. Using published steam tables and

solubility data from two different sourcesl,2, this concentration is plotted against

temperature in Figure B.1. While the maximum concentration is shown to be
*

approximately 1500 ppmv (parts per million by volume), the maximum concentration

expected in the reference leg would be closer to 1100 ppmy, because any higher

concentration at elevated temperatures would degas due to the temperature drop as the

condensate is cooled and flows down into the reference leg..

:

Max Conc. In Condensate
,

1800
|sess.

G E Solubility Data
1600 ,s,

U '''"1400 n

" '1200

E 1000 see m e=
o. 800c. Pray, et. 21. Data (600

400 b
200

0

0 100 200 300- 400 .500 600
,

Temp (deg F)

Figure B.1: Maximum Dissolved Gas Concentration vs. Temperature

1 Pray, et. al., " Solubility of Hydrogen, Oxygen, Nitrogen, and Helium in Water at Elevated Temperatures," !
Industrial and Engineering Chemistry, Vol. 44, n. 5, May 1952. I

2Presberry, C., " Solubility of Ideal Gases in Water," General Electric Nulcar Energy Rept. Y1002E101,
February 1977.
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APPENDIX C: TEST OPERATIONS Rev.1

C.1 Test Procedures Rev.1

C.1.1 Reference Leg Configuration hieasurement Rev.1

Prior to the testing of any reference leg, a procedure was in place to measure and identify

the as-installed configuration. Identification of the configuration was denoted by the

configuration number as well as a sketch of the piping.

The size and type of pipe and/or tube was identified on the procedure sheet. The lengths

and elevations of all of the relevant points on the configuration was measured, and the

slope of the runs was noted where applicable. On the more complex configurations the

nodes were located using a string and plumb bob. At the completion of the identification

and measurement, the date and time was recorded along with the signatures of the

preparer and verifier.

C.1.2 Pre-mixedDissolved Gas Solution Preparation Rev.1

The pre-mixed solutions were prepared in any one of three mixing tanks. The tanks were

constructed of 6" diameter stainless steel pipe with welded end caps. A fitting was

welded on each end to accommodate a valve and wick connect fitting, and the entire

valve assembly was surrounded by a protective cylinder.

The solutions were prepared by combining a known volume ofliquid in a given tank with

pressurized gas, agitating the tank, and monitoring the pressure drop to ensure a saturated

dution. The first part of the procedure consisted of filling the tank solid with

demineralized water of a known conductivity and then draining out a specified amount of

water via a turbine flow meter. The amount of water to be drained was calculated based

on the tank volume required for a 10% drop in pressure following gas addition and the

associated dissolution process.

'

The next step consisted of pressurizing the tank to a specific starting pressure. The

required starting pressure was calculated based on the desired solution concentration and i

gas solubility of the solute gas. The endpoint target pressure was calculated to achieve

the 10% pressure drop once equilibrium conditions were established. The tank was then

!
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agitated by suspending it about its center with the use of an overhead crane and tipping

the ends in a "see-saw" motion with an approximately 5-6 second period. The duration of

the agitation was between 20 to 2.5 cycles. The tank was then slowly rolled in order to

strip off any bubbles from the walls of the tank which may have formed during mixing.

To ensure that the solution was saturated, the endpoint pressure of the tank was then

measured. If the pressure was no greater than 5% above the endpoint target, the

procedure was complete. If the pressure was higher than 5% of the endpoint target, the

tank was agitated funher until the desired pressure was obtained. The procedure was

completed by recording the date and time along with signatures of the preparer and

verifier.

C.1.3 Volumetric-Based Dissolved Gas Concentration Measurement Rev.1

This procedure provided a method for measuring the amount of dissolved gas contained

in a liquid sample. This technique was used to measure the solution concentration in the

pre-mixed tanks as well as in the reference leg. The measurement required the use of a

sampling device as well as a measurement apparatus, illustrated in Figure C.1. The Rev.I

sampling device consisted of two sample cylinders separated by an isolation valve. The

bottom of the device utilized a quick connect fitting to facilitate attachment to either the

reference leg sampling line or a pre-mixed tank. The top of the device consisted of a

detachable gauge to monitor the pressure and a needle valve to control the flow through

the device. The measurement apparatus consisted of two inverted graduated cylinders of
'

different capacity with the open ends immersed in a bath of water. A three way valve

connected the selected graduates via a universal tube which was attached to the top of the

sampling device. The cylinder chosen for the measurement was dependent on the

anticipated gas concentration of the sample. The water was drawn up into the graduates

with the use of a hand operated vacuum pump.

The first part of the procedure involved clearing the sampling device of any rernaining

sample and pressurizing it. This was accomplished by opening the isolation valve and

needle valve on the device and attaching a nitrogen source via the bottom quick connect.

The device'was then purged with gas until it was free of any solution; With the gas

source still attached, the needle valve was then closed and the cylinders were pressurized

to a pressure approximately 50 psia above that of the sample source. The reason for this

C-2
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pre-pressurization is to guarantee that the sample does not degas upon irjection into the

device.

P

'
Needle Velve - '3-

Graduated-

ffj/ h Cylinder.i-:

Expansion Chamber i.i. ' !.

,..

@ - 1 Atmosphere ;;;.
i:li

Isolation Valve O S

W Water with Non-condensable
i Gas @ Pressure

Inlet From ,

**E
Quick-connect
Pitting

Figure C.1: Schematic of Gas Concentration Sampling Device Rev.1

The sampling device was then attached to the sample source via the bottom quick

connect. The necessary valves were then opened in the flow path leading to the device.

The top needle valve was cracked open to allow flow through the device, while at the

same time monitoring the pressure in the device so as not to allow it to go below that of

the solution saturation pressure and hence cause degassing. When the sample solution

reached the needle valve, which was evident by the absence of gas hissing from the

device, the isolation valves on the bottom chamber as well as the upper needle valve were

closed. The device was then disconnected from the sample source, and solution

temperature, as measured by an in-line thermocouple probe, was recorded.

The upper surge volume of water was then emptied, and the gas line to the inverted

cylinder was checked so that no water was trapped in it. The line was then attached to the
'

top of the sampling device and the vacuum pump was connected to the valve at the

bottom of the upper chamber. The water was then pulled up into the graduated cylinder

to a convenient starting point, and the graduated cylinder level was recorded and verified

by two operators. The isolation valve was then opened, the device agitated, and all the

C-3
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gas coming out of solution was trapped in the invened cylinder. The final volume was

measured and the differential was used to compute the resulting solution concentration.

The procedure was completed by recording the date and time along with the signature of

the preparer and verifier.

C.I.4 De-Gas Test Procedure Rev.1

The test procedure used to test a reference leg configuration consisted of detailed

instructions involving many steps. Where necessary, the steps were checked by two

people to ensure that quality was maintained.

'
A test was initiated by entering on to the procedure sheet all pertinent information

relevant to the test. This information included the date, time, run number, piping

configuration number, blowdown orifice diameter, pre-mixed solution gas and nominal
'

concentration, nominal starting pressure and the endpoint pressure.

The piping configuration to be tested was verified prior to each test. The verification of

the configuration was 6 c; by checking that the piping in place was in fact representative Rev.1

of the system measured and identified by the configuration procedure. The date of the

configuration measurement form was entered to provide a refemnce.

The pm-mixed solution tank to be used was verified to be the desired solution required

for testing by cross checking the tank identification and the appropriate solution

preparation procedure form. A refemnce of the date of the mixture preparation was

included. The tank was also verified to have enough solution to carry out the test by

checking the pre-mixed solution log.

.

The first dynamic step in the procedure involved the demineralized water injection. The

water supply source was connected to the instmment spool piece via a quick connect

coupling. The pressure vessel drain valve was opened to allow the water flowing over the

spillway to drain out of the system. The water was then injected into the reference leg by.

opening the valves in the flow path. Flow continued into the leg until it was deemed full
'

by a constant reading indicated by the differential pressure cell. The valves in the flow

path were shut off and the remaining water was allowed to dram from the pressure vessel.

The differential pressure cell reading was then recorded.

;
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The next part of the procedure involved pressurizing the system in preparation for the i

pre-mixed solution injection. The blowdown valve, sampling line valve and both ball I

valves on the instrument spool piece were checked to be in the shut off position. The j

nitrogen supply line was coupled to the ball valve on the pressure vessel and the absolute !

pressure cell was checked for operation. The system was then pressurized to the desired

pressure as determined by the solution equilibrium saturation pressure.

The reference leg was then filled with the pre-mixed solution from the mixing tank. The

injection line from the mixing tank to the reference leg was filled solid with

demineralized water to eliminate any gas voids. The input end of the line was connected

to the mixing tank and the output to the ball valve on the instrument spool piece. The

opposite end of the mixing tank was attached to a gas supply line which was used to
'

boost the tank pressure approximately 100 psia above that of the pressure vessel. This

differential was necessary in order to inject the solution into the reference leg. The ball
!

valves on the mixing tank and instrument spool piece were opened. Flow was initiated

by opening the needle valve on the flow assembly in the injection line. The flow meter
'

was monitored to ensure that at least twice the reference leg volume was injected into the

system and the needle valve was then shut off. The water displaced by the solution

injection traveled down the spillway into the pressure vessel. .

s

The system was then prepared fer a gas concentration measurement. This was done by

opening the sampling line solenoid valve and purging approximately 100 ml of solution ,

through the line in order to eliminate any voids. During purging, care was taken not to go

below the solution saturation pressure by monitoring the sampling line pressure gauge

and adjusting the needle valve as required.

The next step was to perform the dissolved gas analysis procedure on a sample from the

reference leg. If the measurement was within 20% of the predicted concentration in the

pre-mixed bottle, the sampling line solenoid valve was closed and the test continued. If

the measurement was not within the tolerance it was either repeated or a sample was

taken directly from the tank if it was suspected that the concentration in the mixing tank

had increased. !

!

The final step in the sampling procedure was to re-inject solution into the reference leg to

replace what was drained during sampling. The injection line needle valve was closed to
,
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stop the flow, and the injection ball valve on the instmment spool piece was shut off to

isolate the injection line from the reference leg.

Pressurization of the system was resumed until the desired starting pressure was reached.

The drain port valve on the pressure vessel was opened in order to drain the water that

had been displaced during solution injection. Upon completion of draining, the drain :

valve on the pressure vessel was closed.

In preparation for depressurization the settings of the absolute pressure cell, the

differential pressure cell, the water temperature and the ambient temperature of the room

were recorded. Ifit was desired to stop the depressurization at any pressure other than

atmospheric, the comparitor potentiometer was adjusted as required. The date and time
'

was checked on the data acquisition computer, and all pertinent test information was

recorded into the test data file. The test data filename was recorded on the procedure

sheet and the data acquisition program was started.

Appronmately ten seconds after initiation of the program, the solenoid blowdown valve

was opened and the depressurization event was begun. The pressure readings were ,

monitored to ensure properly functioning instruments during the blowdown. At the

completion of any transient events the data acquisition program was stopped, and the

,ettings of the absolute and differential pressure cell and the room temperature were

recorded. Also, in order to ensure proper recording of the data, the time history file was

verified and a backup was made to a floppy disk.
.

The final step in the procedure involved draining the system and refilling the reference

leg to take an endpoint reading. The pressure vessel drain port was opened to drain any j

water which may have spilled over due to a level error. The reference leg was drained of

the remaining solution via the instrument spool piece and the differential pressure cell

"zero" reading was recorded. The reference leg was then re-injected to completely fill it

with demineralized water and the reading on the differential pressure cell was recorded.

The level error was then calculated by taking an average of the differential pressure

before and after the test and subtracting it from the endpoint reading after the completion

of the blowdown event.

The final step in the procedure was altered for Configuration #7 because of observed

anomalies associated with the level depicted by the differential pressure cell. After the

b
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blowdown event was finished, the system was repressurized to the initial starting pressure

and the differential cell output was recorded. The remaining water in the reference leg

was drained and measured in a graduated beaker and the resulting volume was recorded.

Lastly, as with the other configurations, the reference leg was refilled with demineralized i

water and the end point level error was calculated in the same manner.

The test was completed by iadicating whether the test fell under pass or fail criteria. If

there were any deficiencies associated with the test they were noted along with the

respective nonconformance report numbers. The cause and corrective action associated |
with any deficiencies was recorded if necessary. As with all of the procedures, the date )
and time of completion was recorded along with the signatures of the preparer and

verifier.i

l

C.2 Quality Assurance Rev.1

All controlled activities were performed in accordance with the procedures and guidelines )

for testing specified in the C.D.I. Quality Assurance Manual (Ref. 3). Controlled
I

activities are those which are directly related to the planning, execution and evaluation of

tests intended to produce data necessary to achieve the program objectives. Supporting

activities such as test apparatus design and fabrication were not controlled by these test

procedures or the reference Quality Assurance Manual; however, prior to the initiation of

testing any piping configuration, C.D.I. personnel extensively documented the as-built .{
condition of the reference leg configuration to provide traceability of the data to the |
piping system being tested.

Test procedures for the De-Gas Test as described above were developed under the

guidelines outlined in the Quality Assurance plan of Continuum Dynamics, Inc., Ref. 3.

Any modifications and revisions to these procedures were made after independent review,

and then approved by the Principal Investigator and the Quality Assurance Manager.

C.3 Test Matrix Rev.- 1

Control of the test matrix was done through a combination of verbal change orders with

written confirmation for follow-up. This was done so as to provide timely preliminary

results from the previous tests to help guide the selection of test points that would have

the largest payoffin information and understanding of the de-gassing phenomena

C-7
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observed as part of the experimental program. The testing was performed sequentially by

test number, and is listed in Section 2 where the results of the test program are :

. summarized in tabular form.
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ENCLOSURE 2

De-Gas Test Shakedown Progress Report
3n/93

Testing Dates: 2/15 through 3D

Goals:

Runs were conducted to verify that methods and procedures are correct and appropriat::
for conducting Quality-related testing.

.

Tests Completed:
Run # Confic # Gas & Conc. dP/dt(init) Phrut) P(final) Izvel Error

(in ppmy) (psia /sec) (psia) (psia) (" H2O)

SD7 1 (carbon) N2 @ 250 -100 1000 14.7 2.4"
SD8 1 (carbon) N2 @ 320 -100 1000 50 0.5"
SDIO 1 (carbon) N2 @ 300 -100 1000 50 2.1 "
SD11 1(stainless) N2 @ 380 -100 1000 53 2.4"
SD12 1(stainless) N2 @ 330 -100 1000 44 1.25"
SD13 1 (stainless) N2 @ 380 -100 1000 53 1.55"

Observations:

The following major results were noted as a result of this shakedown testing:

(1) Differential pressure measurements show a static decrease of 0.028"/ psia due to the
increase of gas mass in the vertical 2" pipe that connects the pressure vessel (PV) to the
coupling chamber. Thus, all data that are taken at end point pressures other that I atm
must be properly corrected to account for this " head" of pressurized gas on the gas side

.

of the differential pressure transducer.

(2) End point pressure may be easily controlled using simple electronic comparitor
circuits coupled to a solenoid actuated blowdown valve. Adjustment of a potentiometer
allows one to set the endpoint to more prototypical ending pressures for simulating
severe reactor accident depressurizations.

,

(3) Gas may be driven into solution quite quickly, provided sufficient wave motion is set
up in the pre-mixing tanks. Approximately 30 tipping oscillations of a mixing tank drive
the gas to saturated conditions, as determined by the predicted pressure drop as the 1

pressurized gas enters solution.

(4) Measurement of dissolved gas concentration is easier, more consistent, and faster by
using a split-volume device similar to that used on the benchtop testing program. Gas -
volume is measured after a fixed volume of solution is expanded to atmospheric
conditions.

CONTWUUM D d.'A'.CCc '^
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(5) Level error is repeatable (within instrument accuracy) for the same concentrations
and depressurization time histories. This will allow single-point testing ofitems in the
test matrix. Pressure transducer drift appears to be negligible. j

,

!

(6) The PC used with the gas chromatograph appears to have disk reliability problems, \

J

and is being replaced with a different model.

(7) A Quality-Assurance audit of the testing procedurr.s and test plan is cunently <

underway.

~.

b kcKiing. Tes/corxructora eringai investigator
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De-Gas Test Progress Report - 02
3/11/93

Testing Dates: 3/10 tiucugh 3/11 (AM) !

i

Goals:
Initial Quality related data for Configuration #1.

,

Tests Completed:
Run.! Cfg # OnficeGas & Conc. At to P(final) P(init) P(final) Level Error >

(dia) (in ppmv) (sec) (psia) (psia) (" H2O)

1 1 .25" N2 @ 597 210 1027 23 3.1 "
2 1 <.25" N2 @ 637 500 1037 14.7 1.5"
3 1 .25" N2 @ 617 210 1036 24 3.1 "
4 1 .313" N2 @ 647 130 1040 14.7 7.8"
5 1 .25" N2 @ 627 260 1036 14.7 3.4"

Observations:

The following major results were noted as a result of this shakedown testing:

(1) A successful Quality-Assurance review of the test procedures and documentation has
allowed the collection of safety-related test data.

;

(2) Repeatability was demonstrated thruugh comparison of nominal 600 ppmv nitrogen ;

solution depressurization through a 0.25" diameter orifice to an end point of !

approximately 23 psia. The time histories of the differential pressure readings for these
two tests lie almost on top of each other.

!

(3) Run 2 had a very slow depressurization rate, due to a stuck solenoid valve;'the
system was depressurized through a hand-operated ball valve. The solenoid has teen
repaired and functions properly. i

(3) Depressurization rate, as shown by the above results, has a significant impact on the
,

resultant level error, as does end point pressure. Run 1,3, and 5 have the same '

depressurization rate, only 5 has a different endpoint pressure. Run I also included a
funher depressurization down to 14.7 psia after staying at 23 psia for several minutes,.

,

with no additional level error.

|

W( /n

. McKillip. Tekton~ductor[ Principal Investigator
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De-Gas Test Progress Report - 03 I

3/12/93
:

Testing Dates: 3/11 (PM) '

.L

Goals:

Continued Quality-related data for Configuration #1. t

Tests Completed:
Test # Cfg # OnficeGas & Cone. At to P(f' mal) P(mit) P(final) Level Enor

(dia) (in ppmv) (sec) (psia) (psia) (" H2O)
.

5 1 .25" N2 @ 109 1033 24 0''
4 1 .25" N2 @ 100 (target) 1037 14.7 N.A.

,

Observations / Comments:

(1) Identifiers for tests numbers will henceforth be used that reflect approved test points e

in the test matrix, to avoid confusion. Thus, although the tests were run in the order '

shown, the test number reflects the order given in the test matrix.

(2) Test 5 depressurized down to 24 psia with no level error, stabilized at that pressure
for several minutes, and then continued down to 1 atm, with no level error. This would,

| tend to confirm suspicions that levels of 100 ppmv are not significant contributors to
,

level error. t
i

|
|

(3) Test 4 was a failed test, as subsequent calculations showed that sufficient pre-mixed
solution was not injected to " top off" the coupling chamber level to the level of the

,

!

spillway. A revision to the test procedures is in place to ensure this discrepancy does not
happen again, through cross-checks of DPI cell reading with absolute pressure (PI) :
indication. This test will be re-run on 3/12/93. !

(4) An orifice of 0.265" diameter is being fabricated to provide an isentropic
depressurization rate down to 21 psia in 170 seconds, based upon new prototypical
depressurization information for LOCA-type events.

A~ J
b R. McK.illip. .Te,s[Cond'uctoI& Principal Investigator *
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De-Gas Test Progress Report - 04
3/15/93

Testing Dates: 3/12,3/15

Goals:

Continued Quality-related data for Configuration #1, at various depressurization rates.

Tests Completed:

Test # Cfc # Onfice Gas & Cone. At to P(final) Phnit) P(final) Level Error
(dia) (in ppmv) (sec) (psia) (psia) (" H2O)

1-4 1 .266 N2 @ 79 LOCA 1032 14.7 0"
1-7 1 .266 O2 @ 1021 LOCA 1021 24 35.3"
1-6 1 .266 O2 @ 1051 LOCA 1030 14.7 44.8"
l-10 1 .157 O2 @ 1071 ATWS 1036 14.7 4.0"
l-9 1 .157 N2 @ 657 ATWS 1036 14.7 0.9"

Observations / Comments:

(1) Orifice sizes were fabricated to closely approximate both the LOCA and ATWS
depressurization rates.

(2) Test #1-4 was a repeat of the failed test #1-4 from 3/11/93, and showed no level
error, as anticipated for this low concentration level.

(3) Test #1-7 depressurized down to 24 psia, held at that pressure for several minutes,
and then dropped to 1 atm, with no additional level error.

(4) High concentrations of dissolved gas and high depressurization rates produced
significant level errors for this configuration. It is believed that the stripping action of
the vertically rising gas bubbles is largely responsible for the water carry-over into the
spillway from the coupling chamber. Lower depressurization rates, such at those for
ATWS-type events, produce substantially smaller level loss.

, f
_

.

. Mcidllip, Teft ConductoI& Pri palInvestigator
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De-Gas Test Progress Report - 05 |
3/16/93 -

Testing Date: 3/16 I

,

Goals:

First Quality-related data for Configuration #2.

Tests Completed: i

Test # Cfg # OnficeGas & Cone. At to P(finan Phnit) P(final) Level Error 4

(dia) (in ppmv) (sec) (psia) (psia) (" H2O)

2-1 2 .157 O2 @ 1160 ATWS 1035 14.7 17.9"
2-4 2 .157 N2 @ 567 ATWS 1029 14.7 3.6"
2-4 2 .157 N2 @ 607 ATWS 1030 14.7 3.8"

Observations / Comments:

(1) Run 14 was repeated per MATC request, to show that observed level losses were as
a result of gas concentration and piping geometry, and not instrumentation anomalies
due to switching to a new configuration.

(2) Recorded pressure time histories for the repeat runs showed very similar transient
behavior.

(3) DP readings for Run 2-1 showed significant oscillations about the mean value when
the absoluip pressure was betwe n 70 and approximately 20 psia levels.

. Wf
. McKillip4esdodtfuctor PrincipalInvestigator

j
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De-Gas Test Progress Report - 06
3/18/93

Testing Date: 3/17

Goals:

Continued Quality-related data for Configuration #2.

Tests Completed:

Test # Cfg # OnficeGas & Cone. At to P(final) Phnit) P(final) Level Error
(dia) (in ppmv) (sec) (psia) (psia) (" H2O)

;

2-4 2 .157 N2 @ 647 ATWS 1034 14.7 3.7"
2-4 2 .157 O 2 @ 567 ATWS 1030 14.7 6.8"
2-3 2 .266 N2 @ 617 LOCA 1030 14.7 19.5"

Observations / Comments:

(1) Run 2-4 was repeated as a demonstration for the NRC visit and tour of the de-gas test
facility.

(2) Run 2-4 was also repeated using oxygen as the test gas at the same concentration as
used for nitrogen, and showed an increase in final level error, as well as a delay in the
transient ponion of the DPI cell reading. This is most likely due to solubility
differences, as oxygen's increased solubility reduces its saturation pressure (for the same
concentration) and hence the same amount of gas comes out of solution at a later point
in the depressurization time history.

(3) Run 2-3 showed the sensitivity of this configuration to increases in depressurization
rate.

;

(4) Run 2-1 (O2 @ 1100 ppmv ATWS) has been allowed to sit at pressure ovemight to
investigate if "microbubbles" (if they exist) may be driven into solution over time if the
system is over-pressurized above saturation conditions for extended periods. This test
will be run early on 3/18.

'

( y

R. McKillip. Tesut'ond' ctor $hrincipal Investigatoru
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De-Gas Test Progress Report - 07
3/19/93

Testing Date: 3/18

Goals:

"Mic obubble" Investigations and Continued Quality-related data for Configuration #2.
<

Tests Completed:
Test # Cfg # Onfice Gas & Cone. At to P(final) Pfinit) P(final) Level Error

(dia) (in ppmv) (sec) (psia) (psia) (" H2O)

2-1 2 .157 O2 @ 1110 A'IWS 1031 14.7 6.9"
2-1 2 .157 02 @ l130 A'IWS 1029 14.7 6.9"
2-2 2 .266 02 @ l170 LOCA 1030 14.7 21.4"

Observations / Comments:

(1) Run 2-1 (of 3/16) was repeated after having been allowed to sit at pressure overnight
to investigar- microbabbles" (if they exist) would be driven into solution over time if
the system , over-pressurized above saturation conditions for extended periods. The
resulting reduction in level error from the result of 3/16 prompted an immediate repeat
of these test conditions to determine if this " soaking" process had any influence on the
test results. The repeat run showed not only an exact level loss match, but similar
transient behavior of the differential pressure cell (DPI). Investigation into the cause for
the discrepancy between these two mns, and the mn of 3/16, revealed that the tank of
1100 ppmv pre-mixed solution probably ran " dry" during injection on 3/16, and thus gas '

was inadvertantly introduced in the original 1100 ppmv ATWS test on configuration 2.
A new procedure has been added to systematically record tank mixture usage to prevent
further occurances of this problem.

(2) The fact that the same result was achieved in the first two tests above, regardless of
how long the system was allowed to sit at pressure, suggests that there is no physical
observation that suggests the presence of "microbubbles" in the pre-mixed solution, and
hence the level errors are due to gas coming out of solution during depressurization only.

(3) Run 2-2 also showed the sensitivity of this configuration to increases in '

depressurization rate.
,

|

( .

'
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De-Gas Test Progress Report - 08
3/22/93

Testing Date: 3/19

Goals:
Quality-related data for Configuration #2 and #2a.

Tests Completed:

Test # Cfg # OnficeGas & Cone. At to P(finaD Efmil.) P(finaD Level Error
(dia) (in ppmv) (sec) (psia) (psia) (" H2O)

2-5 2 .266 O 2 @ 307 LOCA 1032 14.7 9.0"
2-6 2 .157 02 @ 307 ATWS 1034 14.7 8.3"
2a-1 2 .266 O2 @ l110 LOCA 1032 14.7 20.5"

Obsu <ations/ Comments:

(1) The horizontal-line .25" offset orifice was added to transfarm Configuration 2 to 2a.

(2) Run 2-5 and 2-6 were added to investigate lower-level concentration effects.

(3) Run 2a.1 shows nearly the same level error as Run 2-2, indicating that the horizontal
orifice in Configuration 2a does not appear to have any significant effect on level enor.
This would suggest that flow velocities through this orifice in the horizontal section are
low .

(4) Runs 2-5 and 2-6 show only a modest dependency on depressurization rate. Oxygen
apprears to be less sensitive to depressurization rate than nitrogen (at the same
volumetric concentrations), due to the fact that it comes out of solution at a later time in
the depressurization time history.

+

. r

'. Mckillip[e/Coiiducto Principal Investigator
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De-Gas Test Progress Report - 09
'

3/23/93

Testing Date: 3/22

Goals:

Quality-related data for Configuration #2a.

Tests Completed:
Test # Cfg1 OrificeCzas & Cone. At to P(final) P(imt) P(final) Level Ermr

(dia) (in ppmv) (sec) (psia) (psia) (" H2O)

2a-2 2a .266 O2 @ 695 LOCA 1030 14.7 20.0"
2a-3 2a .266 O2 @ 297 LOCA 1031 14.7 14.5"
2a-4 2a .157 02 @ 1141 ATWS 1030 14.7 3.7"
2a-5 2a .157 02 @ 616 ATWS 1031 14.7 3.8"

Observations / Comments:

(1) Yesterday's comments on the influence of an orifice appear to have been premature
While the high-concentration LOCA results were close between Configurations #2 and

L

; 2a, the low (-300 ppmv O2) concentration LOCA runs actually showed an increase in
;

level error with the added orifice. This may be due to the collection of gases near the
orifice, with a subsequent release of some or most of this gas volume after a sufficient
quantity had built up behind the orifice area. As with the differences between nitrogen
and oxygen, the later that gas is released, the more detremental the effect on final level
error.

I

(2) The orifice appears to reduce level errors for ATWS depressurization rates on this
configuration, by almost a factor of two, when comparing the medium and high
concentration results for oxygen gas of Configuration #2.

/ f
_

. McKillip, fespdonTuctor Principal Investigator
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De-Gas Test Progress Report - 10
!

3/24/93 '

l

Testing Date: 3/23

!
Goals:

{Quality-related data for Configuration #2a and 2b.
:

Tests Completed:
|Test # Cfg1 OnficeGas & Conc. At to P(final) Phmt) P(final) I2 vel Error ;

(dia) (in ppmy) (sec) (psia) (psia) (" H2O)
:

2a-6 2a .157 O2 @ 287 ATWS 1031 14.7 5.2" -

2b-1 2b .266 O2 @ l130 LOCA 1031 14.7 41.7"
2b-2 2b .266 O2 @ 626 LOCA 1031 14.7 40.5"
2b-3 2b .266 O2 @ 297 LOCA 1031 14.7 10.8" :

,

i
i

Observations / Comments:

(1) Run 2a-6 actually showed a higher level enor than the higher concentration tests at !
the ATWS rate. The time history for the DPl cell showed the usual " dip", but at a. -

sharper rate and much later time (near 750 seconds into the run), and then subsequent
recovery, but in addition a secondary " dip" was observed after 1100 seconds into the -

.Idepressunzation.
:

(2) Discussions with the MATC Chairman and the Program Manager suggested that the
1

original location for the orifice that simulates an excess flow check valve (in the vertical
{

segment of Configuration 2b) was non-prototypical, since these devices are always found ;

in the plant to be installed on horizontal pipe runs. As a result, this orifice was relocated i

to a point approximately I foot ahead of the elbow that connects the horizontal segment '

to the vertical segment. Since this orifice has a center-drilled hole, this location provided y
a " dam" behind which water could accumulate without flowing back down the horizontal !
segment into the vertical piece. Thus, when Configuration 2b was tested, large level- ,

errors were recorded, since there was no " recovery" ofindicated level a the solution
expanded in volume through this orifice and then did not return to refih all of the vertical *

segment of the reference leg. The time histories for tests 2b-1 through 2b-3 show the
DPI cell drop down and never recover from its low point, suggesting that water ;

remained trapped in the horizontal segment, but not able to influence the " head"_ sensed i

by the DPI cell. Since an actual excess flow check valve would allow flow in both -

directions, albeit at a reduced rate, these tests were deemed non-orotorvoical. and thus *

continued testing of Configuration 2b was not warranted.

'

CONTINUUM DiNAMICS, INC. ![- PRELIMA A* ( INFORMATION
. McKillip, %st donductor principal Investigator ;
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De-Gas Test Progress Report - 11
3/23/93

Testing Date: 3/24

Goals:

Quality-related data for Configuradon #2c. A description of this configuration is
provided below.

Tests Completed:
Test # flgi OnficeGas & Cone. At to P(final) P(imt) P(final) Level Error

(dia) (in ppmv) (sec) (psia) (psia) (" H2O)

2c-1 2c .266 O2 @ 1200 LOCA 1032 14.7 10.6"
2c 2 2c .266 O2 @ 635 LOCA 1030 14.7 7.7" ;
2c-3 2c .266 O2 @ 346 LOCA 1030 14.7 9.7"

Observations / Comments:

(1) Configuration 2c was a modified form of Configuration 2a, with the same offset 1/4"
orifice in the horizontal section, but a reduced vertical section of approximately 14 feet
length (versus the nominal 28 foot vertical leg of Configuration 2a). Tids was done by
cutting out the orifice piece for the simulation of the excess flow check valve (added in
Configuration 2b), and cutting the vertical section roughly in half, with the instrument
spool piece located approximately 13 feet off the floor. The purpose of this modification
was to investigate the effect of having a shoner vertical segment on the resultant level
error, since it is believed that the maximum continuous straight vertical section in a !

plant's reference leg is approximately 18 feet.

(2) Configuration 2c data show reductions in level error relative to 2a data ranging from
,

roughly 307c to 5067c. It is expected that these data will further help the correlation effon
with the analpical model.

(3) Potential anomalies that may have produced the increase in level enor for Test 2c-3

over 2c-2 have been investigated and discounted. It is this investigator's opinion that
,

these data accurately reflect the physics of the de-gassing process for this configuration.

-

f
' . Mckillip, [est Copluc'TorIPn cipal Investigator

|
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De-Gas Test Progress Report - 12
3/26/93

Testing Date: 3/25

Goals:

Quality-related data for Configuration #2d. A description of this configuration is
provided below.

Tests Completed:
Test # Cfg # Onfice Gas & Cone. At to P(final) P(imt) P(final) Level Error

(dia) (in ppmv) (sec) (psia) (psia) (" H2O)

2d-l 2d .266 O2 @ 1110 LOCA 1030 14.7 8.0"
2d-2 2d .266 O2 @ 616 LOCA 1030 14.7 4.9"
2d-3 2d .266 O2 @ 317 LOCA 1030 14.7 2.1 "
2d-4 2d .157 02 @ 1110 ATWS 1030 14.7 2.9"

Observations / Comments:

(1) Configuration 2d was also modified form of Configuration 2a, with the same offset
1/4" orifice in the horizontal section, but replacing the appmximately 28 foot vertical
segment with 1/2" stainless tubing. A new instrument spool piece was also fashioned
from 1/4" tecs and fittings, so as not to add any appreciable volume at the base of the
stainless tubing. The purpose of this modification was to investigate the effect of having
a different diameter venical segment on the resultant level error.

(2) Configuration 2d data show reductions in steady-state level error relative to 2a data,
but the transient DPI cell time histories show large increases in magnitude change
during depressurization. For example, the maximum transient swing for test 2a-1 (1100
ppmv O2 LOCA) was down to almost 40" indicated level decrease, whereas test 2d-1
had approximately twice that value.

(3) Time histories for the DPI cell also showed notching-type behavior during the
indicated level " recovery" ponion of the test, with levels having a skewed triangle-wave
like shape.

.

{
. McKilli{Te/d5nduct[& Principal Investigator
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De-Gas Test Progress Report - 13 ^

3/29/93

Testing Date: 3/26
,

Goals:
Completion of quality-related data for Configuration #2d. .

Tests Completed:
Test # Run# Cfg # Onfice Gas & Cone. Enc P(imt) P(finan 12 vel Error

(dia) (in ppmy) (psia) (psia) (" H2O)

40 2d-5 2d .157 O2 @ 715 ATWS 1027 14.7 2.2"
41 2d-6 2d .157 O 2 @ 317 ATWS 1031 14.7 1.9"

Observations / Comments:

(1) The above completed the ATWS-rate runs for configuration 2d. Tests 2d-5 and 2d-6
showed transient level errors of 30 and 45 inches respectively, with the transient for 2d-6
occurring after almost 550 seconds into the depressurization event. 2d-6 also showed
significant notching-type behavior.

(2) The remainder of 3/26 was devoted to the installation of Configuration 3 into the
EPRI-NDE Center high-bay area..

(3) The above test # has been added for correlation with the transient pressure data plots
that have been distributed, and refers to the number of the data file shown at the top of '

these plots

(

P,dicKiliip, Tes/t Conductor & Pris ' pal InvestigatorY,
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De-Gas Test Progress Report - 14 1
'

3/30/93
-

'I
Testing Date: 3/29 !

-

Goals: !
|Stan of quality-related data for Configuration #3.
s

-. !Tests Cem;,leted: ;
'

LTest # Run# Cig_t OrificeGas & Cone. Rua P(inid E(finaD level Enor j(dia) (in ppmv) (psia)- (psia) (" H2O) ;.

42 3-1 3 .266 O2 @ 1200 LOCA 1031 14.7 34.9" !43 3-2 3 .266 02 @ 675 LOCA 1031 14.7 6.2" |44 3-3 3 .266 O2 @ 376 LOCA 1031 14.7 5.3" j45 3-3 3 .266 O2 @ 327 LOCA 1030 14.7 6.75"
,

!

Observations / Comments: !
'

'

e
(1) Runs 3-1 and 3-2 showed continued fluctuations of up to 2 inches in indicated level '!even after 20 minutes after depressurization.

|
.

(2) Run 3-3 was repeated in order to see if the transient data, which showed multiple .|
notches, was repeatable, or if these fluctuations are somewhat random in nature. While
the final level errors are close, the several notches seen in the transients in test 44 were

,

replaced by a single, larger notch in test 45.
j
i
-

.,

d
!

p. McKillip, Td'st Coffductor & Pzpleipal Investigator :!
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De-Gas Test Progress Report - 15 j
3/31/93

t

Testing Date: 3/30 '

Goals:

Complete quality-related data for Configuration #3, and start #3a.

!
Tests Completed: .

Test # Runt Cfg.1 OdfissGas & Conc. Rata Pfiniti P(final) 12 vel Ermr
'

(dia) (in ppmv) (psia) - (psia) (" H2O)

46 3-4 3 .157 02 @ 1150 ATWS 1030 14.7 10.0" i
47 3-5 3 .157 02 @ 675 ATWS 1031 14.7 5.5" 4

48 3-6 3 .157 02 @ 336 ATWS 1030 14.7 6.2" ,

49 3a-1 3a .266 O2 @ l140 LOCA 1030 14.7 26.75" - t

Observations / Comments: '

(1) Runs 3-4 and 3-5 also showed continued fluctuations of 1 to 2 inches in indicated '

level after 20 minutes after depressurization. !

(2) Run 3-6 had a single steep notch of almost 35" in depth, after 950 seconds into the l
depressurization,.with an equally steep recovery to its steady level of 6.2".

t

(3) Configuration 3a has an orifice located in the vertical segment approximately 4 feet
below the spillway at the coupling chamber. Run 3a-1 had a level error that settled out
to a few inches above the orifice location.

.C:

MicKillip. Test donddctor & Pring/ pal Investigator
;

t

Y

f

:

i

I;

< i L..' D if. Ar. ,0. . , , .;;, jL

PREtP/ML Y INFORMATION |
,

4

b

= ,r--- , - c _ __ __ _ _ _ _ _ __._____ _ ___.__ _____ _ _._. _ ___.m . _ _ . _ _ . _ . . . _ _ _ _ _ _ - _ _



!

:
i

De-Gas Test Progress Report - 16
4/1/93

Testing Date: 3/31

Goals:

Continue and complete collection of quality-related data for Configuration #3a. !

Tests Completed:

Test # Run# Cfg.1 OnficeGas & Cone. Esc ECimil P(final) Level Error
(dia) (in ppmy) (psia) (psia) (" H2O)

50 3a-2 3a .266 O2 @ 606 LOCA 1031 14.7 19.6"
51 3a-3 3a .266 O2 @ 346 LOCA 1031 14.7 11.7"
52 3a-4 3a .157 O2 @ 1091 ATWS 1031 14.7 20.6"
53 3a-5 3a .157 02 @ 635 ATWS 1030 14.7 14.6"
54 3a-6 3a .157 02 @ 287 ATWS 1030 14.7 9.6" !

Observations / Comments:

(1) Runs 3a-2 thmugh 3a-5 were all characterized by a very slow, oscillatory recovery of
the DPI cell to its steady state value. The oscillations were also on the order of an inch
in magnitude. Run 3a-6 had a similar transient shape, but was less oscillatory.

f, ,
.

@. McKillip,[Tesrton~ductoh PrincipalInvestigator

t .a c. . _. c.. , .

PF.E.tir.%4r.Y INFORMAT10N

,



|
!

|
|

De-Gas Test Progress Report - 17
4/2/93

i

|

Testing Date: 4/1
i

Goals:

Collection of quality-related data for Configuration #3d, See description below for this
geometry.

Tests Completed:
Ig1L# RmL# Cfg # Onfice Gas & Conc. Rals P(init) P(final) Level Ennr

(dia) (in ppmv) (psia) (psia) (" H2O)

55 3d-l 3a .266 O2 @ 1130 LOCA 1030 14.7 25.5" !

56 3d-2 3a .266 O2 @ 655 LOCA 1030 14.7 19.5"
57 3d-3 3a .266 O2 @ 307 LOCA 1031 14.7 11.7"
58 3d-4 3a .157 O2 @ 1120 ATWS 1030 14.7 13.7" '

Observations / Comments:

(1) Configuration 3d is a modified form of 3a, that also has an orifice approximately four
feet below the center of the coupling chamber, but replaces the horizontal segment of 1"
pipe with 1/2" diameter tubing. ,

(2) Comparison between configuration 3a and 3d LOCA end-point level errors shows
almost no difference due to this reduction.

~/ ~

/

Ml. McK'illip,(Test donlfu'etor 8/ Principal Investigator

&
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De-Gas Test Progress Report - 18
4/5/93 -

Testing Date: 4/2

Goals:
Collection of quality-related data for Configuration #3d.

Tests Completed:
Test # Eung Cfg! OnficeGas & Conc. Rate Plunt) P(final) Level Ener

(dia) (in ppmy) (psia) (psia) (" H2O)

59 3d-5 3d .157 O2 @ 635 ATWS 1030 14.7 12.4"
60 3d-6 3d .157 02 @ 336 ATWS 1030 14.7 7.0"

Observations / Comments:

(1) Comparison between configuration 3a and 3d ATWS end-point level errors shows a
modest decrease due to this change in horizontal segment diameter.

(2) A significant portion of the afternoon was required to install configuration 3c, which
is similar to configuration 3a but with a venical segment of approximately halfits
original vertical length.

- ~

7 e
. McKillip, Tgst GefiduTor & fpcipal Investigator

,
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De-Gas Test Progress Report - 19
4/6/93

Testing Date: 4/5

Goals:

Start of collection of quality-related data for Configuration #3c. I

Tests Completed: '

Test # Run# Cfgf OnficeGas & Conc. Rate Pfinit) P(final) Level Error
(dia) (in ppmv) (psia) (psia) (". H2O)

61 3c-1 3e .266 O2 @ 1081 LOCA 1030 14.7 28.7"
62 3c-2 3c .266 O2 @ 626 LOCA 1030 14.7 8.5"
63 3c-3 3c .266 02 @ 297 LOCA 1030 14.7 5.0"
64 3c-4 3c .157 O2 @ 1150 ATWS 1030 14.7 21.9" '

65 3c-5 3e .157 02 @ 616 ATWS 1030 14.7 8.9"

Observations / Comments:

(1) Configuration 3c is similar to configuration 3a but with a vertical segment of
approximately half its original vertical length. This configuration modification will help
provide similar data as was done in the modification of configuration 2 to investigate de-
gassing effects of shortened vertical runs.

(2) Comparison between the above end point levels and those of 3a show that reductions

are present in the medium and low concentration levels tested, but no significant change
was seen when solutions of 1100 ppmv nominal concentration were tested.

(3) Only a weak sensitivity is shown to depressurization rate in the above data, which
parallels that seen in configuration 3a.

f
.

. McKillip, Tett CofidIIc' tor & P%cipal Investigator

t

c: xv..; L , NAM:Cs. i.Nc.
Phi s t'.".'.U- y trJ Oa!/. ATO;v
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De-Gas Test Progress Report - 20
4/7/93

Testing Date: 4/6

'

Goals:

Completion of testing for Configuration #3c and start of collection of quality-related data
for Configuration #3e. A description of this configuration is below.

Tests Completed:
Test # Run# Cfg.! _OnficsGas & Conc. Egg P(im0 P(final) Level Ermr

(dia) (in ppmv) (psia) (psia) (" H2O)

66 3c-6 3e .157 O2 @ 287 ATWS 1030 14.7 1.7"
67 3e-1 3e .266 02 @ 1150 LOCA 1030 14.7 18.6"
68 3e-2 3e .266 O2 @ 616 LOCA 1030 14.7 6.1 "
69 3e-3 3e .266 O2 @ 327 LOCA 1030 14.7 5.6"
70 3e-4 3e .157 O2 @ 1150 ATWS 1031 14.7 17.1"

Observations / Comments:

(1) Configuration 3e is similar to configuration 3c but with a horizontal segment sloped
at 1/4" per foot. This configuration modification will provide data to investigate de-
gassing effects of differently sloped horizontal nms.

(2) Comparison between the above end point levels and those of 3c show that, in general,
reductions in end point level errors may be realized in reduced sloped horizontal
segments, but the transient data exhibits an increased " notching" behavior.

(3) Test #66 (Run 3c-6) has a time history that does not stan at the instant of
depressurization. The data acquisition card created a hardware I/O fault 14 seconds into
the run, and the program was restarted after a few seconds into the depressurization. No
portion of the degassing transient observed on the DPI cell was missed due to this

problem, however. This card is being replaced with one that has a suitably large data
buffer to eliminate this problem.

|

0 I'

9 /r
AI. Mc'Rillip. Test Mndu'c' tor & ncipal Investigator
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De-Gas Test Progress Report - 21
4/8/93

Testing Date: 4/7

Goals:
Completion of testing for Configuration #3e.

Tests Completed:
Test # Run# Cfg1 Prifice Gas & Cone. Rate P6mt) P(final) Level Error

(dia) (in ppmv) (psia) (psia) (" H2O)

71 3e-5 3e .157 O 2 @ 596 ATWS 1030 14.7 4.0"
72 3e-6 3e .157 O2 @ 287 ATWS 1030 14.7 5.1 "

Observations / Comments:

(1) These two ATWS runs at the middle and low concentration levels showed mixed
results compared with Configuration 3c, in that the 600 ppmv test showed a reduction in
level error, while the 300 ppmv test showed an increase. The time history for the 300
ppmv test showed increased triangular-wave type of notching.

(2) The remainder of the day was used in the installation of Configuration #5, which
involves an approximately 30 foot vertical drop from the coupling cha bm er, followed by
a long horizontal run of almost 120 feet, and ending in a 22 foot vertical drop into the
HIPS pit to the DPI cell location.

.

{/
. McKillip, Telt Cpffductor & peipal Investigator

:

CON TVUUM D /NAf.~iCS, INC.
PF: i'' , t. L ( iNTORMATiONt
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De-Gas Test Progress Report - 22
4/9/93

Testing Date: 4/8

Goals:

Start of testing for Configuration #6. This configuration is described in the comments
below.

Tests Completed:
Test # Run# Cfg.! Orifice Gas & Cone. Rate P(nut) P(final) Level Error

(dia) (in ppmv) (psia) (psia) (" H2O)

73 6-1 6 .266 O2 @ 1130 LOCA 1030 14.7 324.4"
74 6-1 6 .266 O2 @ 1021 LOCA 1030 14.7 324.3"
75 6-2 6 .266 O2 @ 556 LOCA 1030 14.7 313.8"
76 6-3 6 .266 O2 @ 268 LOCA 1030 14.7 51.8"
77 64 6 .157 02 @ 1071 ATWS 1030 14.7 213.9"

Observations / Comments:

(1) Configuration #6 consists of 1" SCH 80 stainless steel pipe, that has an
approximately 30' vertical drop from the coupling chamber, followed by a 120'
horizontal run at 1/2" per foot slope, and then a 22' venical drop to the DPI cell.

(2) The level errors shown above indicate that the first vertical leg out of the coupling
chamber is voided after all transients have decayed.

(3) Run 5-1 was repeated to assess whether the result was an anomaly, or ifit reflected
the physics of the process. Almost exact repeatability was achieved on both the final
level error and the transient DP1 reading.

8 '

9 <
'

<

. McKillip. Te/t Cor(ductor & $cipal Investigator(
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5 1300 Harris Blvd. n Charlotte E NC a 28262

PLANT SUPPORT ENGINEERING (704) 547-6066 s Fax:(704) 547-6035

MEMORANDUM
April 9,1993

To: Model and Test Committee Members

From: J Munchausen

SUBJECT: CONFIGURATION 6 TEST RESULTS

Results from the Loss of Coolant Accident (LOCA) depressurization rate tests
performed on configuration 6 yielded results of a magnitude not previously seen
during the testing program. Though these test results yielded level errors that are
substantially greater than those seen before, careful analysis of the results show that
they are very geometry dependent and predictable.

Recall that in testing previous configurations in which a vertical run was directly
connected to the condensing chamber, substantial level errors resulted from the
1100 ppmv gas concentration tests (particularly at the LOCA depressunzation
rates). Configuration 6 represents a test configuration which has over 2/3 of the
total volume in the horizontal run. The gas contained in this horizontal run, if
released from solution and expanded to atmospheric pressure, is sufficient to
displace all the mass in the 27 foot vertical pipe connected to the condensing
chamber. The level error observed in the Configuration 6 tests represents the total
volume of the vertical leg voided of water. The level error would have been the

for any gas concentration above approximately 700 ppmv. It would havesame

been no better at 800 ppmv nor worse at 1500 ppmv. Had the first vertical leg been
2 feet, a much smaller error (on the order of 2 feet) would have been the final result.
Recognize that, once the water mass in the condensing chamber and first vertical leg
has been evacuated (returned to the pressure vessel through the steam inlet piping),
additional level error beyond the first vertical run length connectmg the condensing
chamber to the first horizontal run is difficult to achieve, because a path with
essentially no resistance now exists to the RPV for additional gas which is
subsequently released. Therefore remaining gas transiting through the horizontal
pipe run will be vented back to the pressure vessel.

:

r

|
t
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CoMnGURAT1oN 6 TEST REsut.Ts
APRit.9,1993
' PAGE 2 oF2

i,

No plant has a contiguous vertical rise of more than 19 feet. Most plants have a !

very short vertical " stub" connectmg the condensing chamber to a substantial
horizontal pipe run. This generic design configuration limits the potential level ;

error that might be realized during a worst case transient (LOCA depressurization
rate with homogeneous 1100 ppmv gas concentration) to several orders of

i
magnitude less than that seen in the Configuration 6 tests.

Begmning Monday, April 12, and miminating the testing program on Friday,
April 16, we will test a full scale moceup of the Washington Public Power Supply
System WNP2 "C" leg. The testing will include the same gas concentrations and
depressurization rates previously tested with the addition of a slow, typical
shutdown rate similar to that observed during their January 21 event. If the abore
observations on geometry dependence are essentially correct, we anticipate a 2 foot level
error for the WNP2 "C" leg during LOCA depressuri::ation rate, toith dissolved gas
concentration of1100 ppmv (see Attachment 1). |

,

If there are any questions regarding the test results seen to date please feel free to
call me at (704) 547-6058. A complete package containing all testing results, plots
from individual tests, and specific geometry for all tests will be provided during the
MATC meetings on April 19 and 20.

,

DIM \93:4 cool.:4
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De-Gas Test Progress Report - 23
4/12/93

Testing Date: 4/9

Goals:
Completion of testing for Configuration #6.

Tests Completed:
Test # EmL# Cfg # Onfice Gas & Conc. Est Pfmit) P(finan Level Error

(dia) (in ppmv) (psia) (psia) (" H2O) -

78 6-5 6 .157 O2 @ 616 ATWS 1030 14.7 N/A
79 6-6 6 .157 02 @ 287 ATWS 1030 14.7 47.9"
80 6-5 6 .157 02 @ 556 ATWS 1030 14.7 203.9"

Observations / Comments:

(1) Test #78 suffered a power outage during the blowdown, due to concurrent installation
of Configuration #7 piping, and so the test conditions were repeated.

(2) The ATWS rate shows reduction in final level error, consistent with results from
previous testing.

. .

f b
. McKillip,[est Cenductor & [rincipal Investigatorf

|
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De-Gas Test Progress Report . 24
4/14/93

Testing Date: 4/13

Goals:
Start of testing for Configuration #7. This configuration is described below.

Tests Completed:
Test # Run# Cfg # OnficcGas & Cone. Ratt P6mt) P(final) Level Error

(dia) (in ppmy) (psia) (psia) (" H2O)

81 7-1 7 .266 O2 @ 1091 LOCA 1031 14.7 N/A
82 7-1 7 .266 O2 @ 1130 LOCA 1030 14.7 70.1"
83 7-1 7 .266 O2 @ l110 LOCA 1029 14.7 83.2"

|

Observations / Comments:

(1) Configuration #7 is a mock-up of the WNP-2 "C" channel. This configuration has a
total venical drop of 42', comprised of 15' of 3/4" pipe, 8' of 1" pipe, and 120' of 1/2"
0.065" wall tubing. The piping bends, horizontal runs, and elevations are physically
correct for the WNP-2 C-channel reference leg. ;

(2) Test # 81 was aboned due to noise on the pressure transducer signals when using the

| replacement data acquisition card. The original data acquisition unit was reinstalled and
I shows no such oscillations. >

(3) On run 83, water was drained from the leg at the completion of the test to verify the
final level error. The measured volume was significantly higher than the differential
pressure transducer reading would suggest, based upon volume calculations from the as-
installed piping. Based upon this remaining mass in the reference leg, the final level
error should be near 30". Additional post-test procedures have been added to further
investigate this discrepancy.

(4) Notching behavior was observed well after the LOCA depressurization reached
atmospheric pressure. Transients were recorded after almost 40 minutes into the
depressurization event, as shown on the continuation of the pressure transducer transient
time history for run 83.

/ ,

McKillip, Tc'st Cptidlictor & cipal Investigator
,

|

i

C C:.TINUUM D v'NAMICS, INC. .
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De-Gas Test Progress Report - 25
4/15/93

Testing Date: 4/14

Goals:

Continuation of testing for Configuration #7, the WNP-2 mock-up.

Tests Completed:

Test # Rung Cfg # OnficeGas & Cone. Rue P(init) P(finan Level Ermr
(dia) (in ppmv) (psia) (psia) (" H2O)

84 7-2 7 .266 O2 @ 695 LOCA 1030 14.7 24.0"
85 7-3 7 .266 O2 @ 307 LOCA 1030 14.7 10.4"
86 7-4 7 .157 02 @ 1209 ATWS 1030 14.7 104.7"
87 7-5 7 .157 02 @ 616 ATWS 1030 14.7 14.4"
88 7-6 7 .157 O2 @ 317 ATWS 1030 14.7 11.1"
89 7-7 7 .266 O2 @ 42 LOCA 1030 14.7 0.0"

Observations / Comments:

(1) Post-blowdown repressurization was performed after each run to collapse any
bubbles still remaining in any vertical piping / tubing segments, and the indicated DPI
level was recorded at pressure. This was then correcte,d for the " head" of gas in the 2"
pipe supporting the coupling chamber, which would give an indication of the water level
if all the gas remaining in the line were to vent through the fme surface at the coupling
chamber. These " calculated" levels compared favorably with the calculated level enors
based upon the water volume measured when the reference leg was drained.

(2) Notching was seen on all transients except for Run #89, which showed no level error.

(3) This aggressive testing program has allowed the collection of slow depressurization
transient data on the remaming testing days.

) ffNf -~

M. McKillip, Tlst CoffducIor & Pr$cipal Investigator

CCNTINUUV D(IJAMICS. INC.
PRiit l'.*,'.t. ' ( IN FORM ATION

4

- _ - -



-

,

De-Gas Test Progress Report - 26 >

4/16/93
,

Testing Date: 4/15

Goals:

Slow depressurization testing for Configuration #7, the WNP-2 mock-up. !
t

Tests Completed:
;Test # Run# Cfg # Onfice Gas & Cone. Rate Phmt) P(final) Level Error

(dia) (in ppmv) (psia) (psia) (" H2O)
*

90 78 7 n/a 02 @ 715 see 1015 14.7 7.1 "
below

;

Observations / Comments:

,

(1) A slow depressurization test lasting almost eight hours was performed on
Configuration #7 to simulate reactor pressure over a shutdown event. The pressure

,

vessel time history simulates the shutdown and cooldown for WNP-2 during their
January 21 event..

(2) Small notching was observed when the pressure reached 120 psia, with the largest
notches (of approximately 32-35" ) occuring during the shutdown cooling portion of the

,

depressurization curve. '

(3) The recorded transient data plots cover 29 pages, and will be distributed to MATC
members at next week's meeting.

R. McKillip. Test Conductor & Principal Investigator

1

!

!

|

l

CONTINUUM D(NAMICS. INC.
PRitit/Mt i' INFORMATION
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De-Gas Test Progress Report - 25

4/15/93
i,

iTesting Date: 4/14 '

Goals:
.

Continuation of testing for Configuration #7, the WNP-2 mock-up.
i

Tests Completed:
Test # Run# Cigf OnficeGas & Cone. Egg P(init) P(finaD level Error f(dia) (in ppmy) (psia) (psia) (" H2O) ;

84 7-2 7 .266 O2 @ 695 LOCA 1030 14.7 24.0"
85 7-3 7 .266 O2 @ 307 LOCA 1030 14.7 10.4" I

86 7-4 7 .157 O2 @ 1209 ATWS 1030 14.7 104.7"
87 7-5 7 .157 O2 @ 616 ATWS 1030 14.7 14.4" _;
88 7-6 7 .157 02 @ 317 ATWS 1030 14.7 11.1"

;89 7-7 7 .266 O2 @ 42 LOCA 1030 14.7 0.0"

:

.

Observations / Comments:
,

(1) Post-blowdown repressurization was performed after each run to collapse any
bubbles still remaining in any venical piping / tubing segments, and the indicated DPI

!
level was recorded at pressure. This was then corrected for the " head" of gas in the 2" j
pipe supporting the coupling chamber, which would give an indication of the water level j
if all the gas remaining in the line were to vent through the free surface at the coupling

|chamber. These " calculated" levels compared favorably with the calculated level errors -
;

based upon the water volume measured when the reference leg was drained. !

-1

(2) Notching was seen on all transients except for Run #89, which showed no level error. '

i

(3) This aggressive testing program has allowed the collection of slow depressurization !transient data on the remaming testing days.

!

}7f -,

f(r

d. McKillip, T4st CdducIor & Pr$cipal Investigator
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De-Gas Test Progress Report - 26
4/16/93

Testing Date: 4/15

Goals: '

Slow depressurization testing for Configuration #7, the WNP-2 mock-up.

Tests Completed:
,

Test # Run# Cfg # Onfice Gas & Conc. Rate P(mit) P(finalf Level Error
(dia) (in ppmv) (psia) (psia) (" H2O)

90 7-8 7 n/a 02 @ 715 see 1015 14.7 7,l "
below

Observations / Comments:

(1) A slow depressurization test lasting almost eight hours was performed on
Configuration #7 to simulate reactor pressure over a shutdown event. The pressure
vessel time history simulates the shutdown and cooldown for WNP-2 during their
January 21 event..

(2) Small notching was observed when the pressure reached 120 psia, with the largest
notches (of approximately 32-35" ) occuring during the shutdown cooling ponion of the
depressurization curve.

I

(3) The recorded transient data plots cover 29 pages, and will be distributed to MATC
members at next week's meeting.

.

R. McKillip, Test Conductor & Principal Investigator -

:

,

CONTINUUM Di'NAMICS, INC.
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De Gas Test Progress Report - 27
4/26/93 cotmNUUM D(NAMICS, INC.

PREt.Jf4%F' INr.ORMATION
,

Testing Date: 4/16,4/22, and 4/23
.,

hGoals:
Various concentration and depressurization tests for Configuration #7, the WNP 2 mock- :

up, including a demonstration test for the BWROG Water Level Committee.
.

Tests Completed: ~,

Es1 Rune Cfg# OnficeGas & Conc. Em P0mt) P(final) Level Error

(dia) (in ppmv) (psia) (psia) (" H2O)
'

\
91 7-9 7 n/a 02 @ 715 see 1015 14.7 7.1 "

below
.

92 7-10 7 .266 02 513 LOCA 1030 14.7 14.7"
i

93 7-11 7 n/a 02 179 see 1015 14.7 0.8"
'

below
!

94 7-12 7 .157 02 179 ATWS 1015 14.7 0.8"
.

,

Observations / Comments:
-

1) Friday, April 16 a test run was made on Configuration 7 using an 02
concer.tration of 317 ppmv at a simulated normal shutdown rate. The run yielded

a 2.7' resultant error.

2) On Thursday, April 22 run 92 was performed as a demonstration run for the

BWROG Water Level Committee. This test used an 02 concemration of $13
ppmv at a LOCA depressurization rate. The test produced transient errors of
approximately 32 inches and an endpoint error of 14.7 inches. Note that the first
occurrence of " notching" did not occur until more than 5 minutes had elapsed
after reaching atmospheric pressure.

>

I
3) At the request of the BWROG Model and Test Committee, two additional test

runs were performed on Friday, Aptil 23. The purpose of these tests were to
determine a possible lower gas concentration at which non-condensible gases j
would not provide level errors at ATWS and normal S/D depressurization rates.
Both tests yielded errors of 0.8 inches. Note the two '' spikes" in run 93 at
approximately 28,500 seconds is the result of an are from an are welder being i

|struck near the test rig.

:

J H. Munchausen

,

I
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De-Gos Testing Summary ; ! 6 # I !

! ! I I | | .I

'

Date i Dun s ! Toute i Careg Gas type i ' Conc. I Osece 49 to % I P0 reed) P9 Pets 0 Levelfor haams I

10-Mar 11 | 1 4 1 N2 ! 597 i 0.25 210 1 10r7 23 11 ,

10 Mar 2 1 N2 637 | c25 500 1037 i It? ! 1.5 I
10 Mar 12 3 I ! N2 617 ! 0.25 | 210 1036 | M i 3.1i

Il-Mar f 4 ! 1 ! N2 647 0J13 | 830 804D 147 ! 7.8
IlMar l3 I 5 I 1 ! N2 627 0.25 I 260 10M 107 ! 1A I i

tiMar i-5 4 1 i N2 109 0J5 ! 210 1033 24 i 0.0 i
*

.
Il-Ma , 1-4 7 i 1 j N2 I 800 | 0J5 | 260 1037 147 sVe 2 i
12-Mar 14 4 1 I N2 79 i DJM LOCA 1032 117 04
12_-Mar 17 | 9 f I | 02 1021 0.2M LOCA 1921 24 3L3

J Mar I-e 10 1 I O2 _ 1951 0 364 . LOCA 1930 lt? 4tt ;
15-Mcs I l 10 | 11 1 l ! 02 ! 1071 0.157 | ATW5 late 147 44
IFMar I-9 12 | 1 ! N2 657 i O.157 i ATW5 1036 IL7 af4

16 Mar 21 13 I 2 I O2 1160 IL157 I Afwl 1035 147 17.9 3
'

I16-Mar 2-4 | 14 2 N2 M7 IL157 ! AfW5 lW9 147 3.4
;

16-Mar 1 2-4 ! 15 2 i N2 ! 607 El&7 I ATW5 1030 It? 3.0

17 Mar 24 ' le ! 2 N2 ! 647 ILl&7 | ATW5 | 1034 147 17 |.

17-Mar 24 i 17 2 ! 02 ! 547 0.157 i A1W5 | 1830 147 48 '

_17. Mar 23 14 2 N2 417 0364 LOCA i 1030 ft? i 19.5' '

,'.. - .

i

15-Mar 2- 1 19 2 O2 1110 0.157 | ATW5 1 1031 147 495

O.157 | ATW5 | 1929 I 117 1 69 1
'

_le-Mar 21 20 2 ! 02 1130 '

16-Mar 22 21 2 ! 02 ' 1970 O.2M I LOCA ! 1030 I li? 21.4 5' '

19-Mar 2-5 22 2 ! 02 307 OJM i LOCA 1012 1 147 i 9.0 i
'

.

19: Mar _ _ 2-6, 23 2 O2 307 0 157 ATW5 1034 | 14.7 4.3 !

19-Mar 2a l 24 2a 02 1110 0.2M i LOCA ! 1032 | 147 3LS ''

_22 Mar 2a 2 25 2a 02 695 CJM i LOCA | 1030 ! It? 2tLO i
' '

22-Mar 2a 3 26 2a 02 ; 297 ! 03M i LOCA i 1931 I lt? i ILS

__22_ -Mar 2a-4 27 2a 02 1141 i 0.157 i ATW5 | 1030 ! 147 i 3.7 !

22-Mar 2a-5 24 2a 02 ele
.

0.157 ! ATW5 i 1931 | It? i 3.8 }

23-Mar 20 4 29 2a 02 ! 287 i G157 ! ATW5 | 1031 | 1&7 I EJ I

_23-Mar _ 2t> 1 30 2b 02 1130 0.246 ! LOCA 1031 147 i 41.7 *

_23-Mar 2t> 2 31 2b 02 434 ! 0266 LOCA i 1031
.

147 i 41L5 I'
*

j_2b O2 I 297 ! 8.266 t LOCA i 1031 l 117 | 1R8 I_23-Mar 2t>3 32 ;
24-Mar 2c 1 13 2c 02 1200 0 364 i LOCA ! 1032 147 '' 10.6

'

'
i

Mar 2c72 . J4 a ao 1 M 1*6 + 6 N D 1" M Ti ^ . M. # '

'
_24, Mar 2c 3 15 1 2c 1 08 4 " 0S 4M_. gessestM*W neerseS=esapusaer a
,25 Mar _, _,_2d ,1 34 2d O2 1110 ' 0 264 LOCA i 1030 i 147 4.0 8

'

_25. Mar __2d 2 37 2d O2 646 ! D.2M LOCA 1030 147 49t
7

_25-Mar 2d-3 34 2d 02 317 02M LOCA i 1030 i 117 ! 2.1
' ' ' '25-Mar 26-4 39 2d 02 1110 O.157 AfWs 1030 147 2.9 i

26-Mar 2d-5 40 2d O2 715 0.157 4 A7W5 1027 . 117 2.2 3'
>

2[ Mar 2d-e el 2d 02 317 | C.157 i ATW5 | 1031 ! 117 i 1.9 I'
1

_29 Mar 3-l 42 3 02 1200 l 0.2M LOCA i 1031 117 I 349 ?''

.... M.:Mm } 2, ,- _ 43 3 02 675 | OM ! LOCA I 1031 147 f
' L2i

|

,_29 Mar 33 44 3 02 374 ! 02M LOCA r 1031 117 ! 5.3 j
'

,
_

'02 327 | CJM i LOCA j 1030 147 4.8 i' 29 Mar 3-3 45 3 <

| 35 Mar 3-4 44 3 02 ; J 1&O | 0 157 ATM i 1030 147 .| . IRO I'
;_-

30-Mar 3-5 47 3 4 02 0 675 4 C T - -. _ ^ -^ " l ^^ ! ;

_

A.d M 5 . kl67 ^M i -M ' p"#sMF Ma-W e| -30 Mar 3-4 de 3 ! 3

I30-Mar E3 1, 49 3a i 02 | 1140 | 0.2M ! - LOCA j 1030 1 117 | 26.4 i

_3hMar _.._ M 2_.__50 Sa 02 80' ! 02" LOCA I 1031 ' 117 i l' '
'

,

31-Mar 3c>3 il 3a 02 344 IL264 LOCA 1031 | It? 11.7 j

31-.uar 34 52 3a 02 1098 ea Arwl 103: I 14.7 Sita r

31 Mar aa 5 ! 53 i 3a 02 636 0.1. 7 ; AfWS 1030 I It? 146

JMar _3cre 54 8 3a 02 . ] 287 0 157 ! ATW5 1030 1 147 96 1
'

01-Apr . 3d l 55 i 3d O2 1130 ! 02M l LOCA i 1030 | 117 | 25.5 |
'

* 0.2M i LOCA 1030 147 19.5 i01- Apr 36 2 54 3d O2 655 .

_01_ Apr__363 57 3d O2 307 I 0266 LOCA i 1030 117 i 11.7 !i p

01 - Apr ad-4 le 3d O2 1520 0 157 AfW5 1029 14 7 13 7
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SUMMARY.xts CONTINUU.M D(NAMICS, INC.
PREduAAps ly.ORMATON

Oo.Ges Tostng Summary I i i | I (

].... _
_ . . _ .

! I I!

,, Dc's , , ,py a | Test Cor.fg Gastype Conc. Cilnc e di to Pfbcd ! P0nino0 Pmnc0 i Leveller [ Hotes3
11 i 1 1 N2 597 1 0 25 210 | 1027 23 _31 !10-Mer .

10-Mar ! | 2 1 N2 637 i d5 600 1037 1A7 1.5 | 1

1 N2 1 6t7 1 0.25 210 1036 24 3.1
{10 Mor 12 . 3

11-Mar ! 4 1 1 i M2 1 647 1 0.313 130 l 1040 } 14 7 7.5

, ,11 Mer 1-3 _ 5 1 i N2 1 627 025 360 | 1036 | 117 34

11 Mer i 15 6 1 | N2 ( 109 0.25 2 10 | 1033 | 24 1 0.0

11 Mer 14 . 7 1 I N2 l 100 0.25 260 I IC37 1 117 I ft/c 2

12.M or 14 '_ 4, I i N2 | 79 0 266 LOCA 1032 l 147 ! 0.0'

|12-Mo' l7 9 1 02 1021 0.266 i LOCA . 1U23 | 24 1 35.3'

12.Mos 16 10 _1 02 1051 1 0.2M l LC>CA I IC30 ! 1A7 1 44 5 1
_ ,

15-Mot 1 10 16 1 C2 1071 1 _ 0.157 ! .ATW5 1036 I IA7 1 40 1

I5 Mor | 19 12 1 ! N2 657 I IL157 ! ATW5 _1036 | IA7 1 09 l

16.Mer . , 2 ,1,. 13 2 C2 1160 O 157 AfW5 ' 1035 117 ! 17.9 I 3 _' I
I

AN5 1029 It? 36 I'
16.Mer | 2-4 14 2 N2 567 1 0.157 .

16.Mer . 24 15 2 . N2 607 1 0.157 Q ATw5 i 1030 fA? 38 i

_17_.u_ : r. 24~ 16 2 . .N2 647 f 0 157 I ATWS 1034 14 7 33 1* '

,

.

17.M er 2-4 _ 17 | 2 C2 547 0 157 ' ATW5 1830 ! 14 7 68 1

17 Va.r . .- 23 18 !.2. N2 617 02M -LOCA 1030 ! 1A7 19.5
.

<

.

.

AES 1C31 14 7 j 6919 2 02 i 1110 0 157 '16 Wor _,_ ,2 I ,i
, 16.Mct 21 i 2C 2 C2 1 1130 0 157 ATW5 1029 1A7 | 6.9 |

''

'

16.Mor i 2-2 21 . 2 C2 1170 0.266 LOCA ! 1030, d 14 7 i 21J
_19 Mor ! 25 22 2 C2 307 | 0.266 LOCA 1032 ! 147 | 90 1

194ar | 26 23 2 C2 307 0.157 ATWS IC34 ' 1A7 ! e3 !4

[ 0.2M ! LOCA 1032 | It? I 20.5 !' '
19-Mor 20 1

'

24 2a j C2 111C

2o 2 25 2e C2 695 1 0266 LOCA i 1030 ! 1A? I 20 0 I'
22-Mer :

( 145 i_ ,_.2fcr 2o-3 1 26 , 2a C2 ,, 297 ' O.266 ,_toCA ! 1C31 lA7

J - Mor 2c 4 | 27 to - C2 ! 1141 0.157 ! AM ! lo30 1A7 1 37 1
~.

22 Mci . 2c-5 26 1 2o 02 ! 616 | 0 157 I AN5 i IC31 14 7 38I

f C2 i _ 267 | 0 157 b T*5 '
103 L 3 147 52 _, 23-Met 2o 6

_
29 2c

23 Mot | 2D 1 30 20 | C2 | 1130 l C.266 LOCA ! IC31 ! 14 7 ? 41.7
_

23 N et 2b2 31 2d _C2 626 ' C 266 ! LOCA 1031 1 ,' 1A7 i 40 5
'

23.Mct 253 32 2b C2 297 0.266 LOCA 1031 117 10.4

24Ner 2c 1 3J 2c C2 1200 02H LOCA 1032 147 10 6

635 0.2M ! LOCA 1030 147 , 7.7_I' MC' 2Ci 3'' _ _23. C2,, ,'
346 0266 I LOCA 1030 1A7 9.735 2e C224 Net 2c 3 i

i 2c |_ 1110 __ c;2M LOCA 1C30 {1 A7 _8 0 _ ,C2_ So,25# - 20-1 !

,,. 25;Mer 2 o 2 _ _ _ 37 2d C 2_ , 616 0 266 LOCA 1C30 l IA7 L 19 _
'

*

317 C.266 LOCA 1C30 1A7 2.1
, _2k Met _ .2d. 3

38 .. 2d C.2
i

.

25Nov 2c 4 34 2c C2 1110 C IS7 ATWS IC30 14 7 2.7

26-Mce 2 d- 5 40 2d C2 715 0.157 Afw5 1027 1A7 2.2
'

26-Mor 2d-6 41 2d C2 317 O.157 ATW5 1031 1A7 1.9'

79 Mor 31 42 3 C2 1230 0.2 H LOCA i 1C31 1A7 34 9 j
'

29 Me.r . .32 __43 3 C2 675 ClM LOCA 1031 1A7 6.2'

.
g

_ 29 Me 3- 3 _ 44 ! 3 I C2 376 0.266 - LOCA 1031 [ 1A7 5.3
_

,
-i 33 ... 43 3 C2 I 327 - -0.266 LO.CA 1830 ! 14 7 64..-29 Moi

30No, | 34 to 3 C2 1150 0.157 i AN5 1030 | 14 7 1C.0 1''
~

f 675 ' O.157 ATW5 IC10 14 7 55 8

30 Mce 35 47 3 C2

.

--
336 ! C.157

. -ATwl 1030 l 14 7 6)I
-

' C2
_30 M er . . 36_. 48. _. 3 -

C2 1140_ | 0266 LOCA 1030 3 1A7 l 24.8
,_,,30.Mor 3e;1 49 ._ , ,3e

_

02 6D6 1. 0266 I LOCA 1031 ! ~1A7 196 I
31.Mor 3o.2 50 3c | 1

i IC31 1A7 11.7 I
! C2 346 ] 0.266 L@A

'

31Nov , 3c-3 51 3o

31 Mor 3o.4 52 3c C2 i 1091 | 0 157 AM5 1C31 | 1A7 23 6 !
31.Mc, ' 3 o. 5 53 3a 02 1 635 3 0.157 i Afv4 1030 14 7 l.t.e

31 wes ao- a. 54 3o...
C2 267 I 0.157- - - |-AM5 103C ! 1A7 94 |

-
-

.

01- Apr 3d 1 | 55 _ | 3d |
C2 .i 1130 l COM , _LOCA ! 1C30 ' 147 | 25 5 I.

' '
> 655 i , 0266 i LOCA 1030 1A7 19.5

01. Asw 3d-2 1 56 1 3d | C2 .

c1.ao, j ~3d-3 sf ' ad C2 W I 0.264 i LOCA ! 1030 | 14 7 ,1 it? ('

01 4,, 3o.4 i u 3a i or nar i 0 157 I Arws I ic29 1 1A7 I is7 I

- POge1
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SUMMW.XtS CONTJNUUM D rNAMICS, JNC'
PREtjupp g:.OWg.

02 Apr M5 I $9 ! 3d i C2 l 435 0.1 57 AM I IC30 | 117 f 12 4 1

0157[ TW3 1 1C30 1 147 1 7.0 t ,

| 3d | C2 33402. Apr 3d 4 , Q60
j.264Q LOCA i 1c30 ! lif ! 28 7 i

_05- Apr I Sc 1 I 41 I ac l C2 10a1 ,

_C2 426 02M I LOCA I 1330 l 117 4.5 1
k2 62 1 3c I05- Apr *

054r ! Sc 3 43 1 3e I C2 297 0364 i LOCA i 1030 1 117 5.0 !

05 Apr ! Sc 4 ,4( l 3c | C2 1150 l 0.157 Af%3 1 1030 1 117 21.9 |

05- Apr I Sc L , 45 l 3e C2 414 I CL157 , ,AfW5 1C30 l 14 7 _ 83 i ,

i Se-4 , M 3e C2 257 0.157 _ Afw3 1030 | 117 1.7 i

06-Apr 3e 1
'

67 3e C2 | 1150 0.264 LOCA 1030 147 i 18 4 -I'

_ ,
_06 Apr

. _.D6_- Apr 3.e 2 ! 64 - Se C2 l 416 0.264 (OCA 1C30 147 I 4.1 l

06 Apr 3e 3 i 69 g, 3e_, i C2 ! 327 02M _ LOCA 1030 10 t 5.6
.

I 1031 1A7 | 17.1
i 70 l so I C2 l 11$0 a,157 | A7ws_06 Apr J,,3e;d

C7 Apr 1 3e 5 71 3. i C2 l 96 0.157 i ATW5 1030 147 to'

07 Apr 1 3e -6 72__ l ,,Se ] ,_02 287 (L157 I AfWS 1030 117 5.1 |_ , _

08 Apr 6-1 73 6 C2 1130 Q.1M l LOCA l 1030 1A7 Q44 |
0.266 I LOCA 1030 l 117 3213 1

^

''
08. Apr 2 74 4 C2 1021 r

08-Ape 63 75 6 C2 ! 554 OlM | _LOCA 1830 l 147 313.8 f'
'

06 Apr 6-4 ! 76 i 6 O2 ,268 0.266 LOCA 1030 14 7 55_.8 i'
I

08 Art 45 77 ! 6 C2 f7L _ 0157 AfW5 1030 | 14 7 213 9 I'

' C2 _ _ ' _ 14 i 0.157 A*WS 1030 | 117 n/a l 4'

D9- A pe i 65_ 78 e

I e 02 ! 287 | 0.167 Afw3 1030 147 i 47.9 i

_

' .09.Apr I 66 79

h9 Apr 65 63 6 i C2 556 0 157 i A7wS I 1030 117 203 9 i'

1C31 147 L n/a ! 5__'

_13 Apr. ! 71 81 7 C2 ID91 0.264 LOCA i
.,

13;Apr,,_71 s2_ ., 7 C2 1130 1 0.266 _LOCA I 1630 147 I 70.1 Il'
8

y J Apr 71 53 7, _j C2 1110 ! 0.266 LOCA i 1029 _l,47 I 832 j

14 4 : 72 64 7 C2 495 i 0.264 LOCA 1030 147 1 210 | ;'

85 l 7 C2 1 307 I 0266 LOCA 1030 1 147 i 10 4 I

f-3id Apr

[ 7 C2 | 12?9 j 0.157 Atws 1030 i 117 1017 l f

id Apr ! J 4, 66'

?-5 87 I 7 i C2 | 414 I 0.157 _A7W5 1030 147 144 1
'

'

, ,ld;Apr |
_ as, 7 C2 1 317_j ,,0.157 A7WS 1030 1 14 7 1 11.1 |,

I14 Apr !, 7-e i

14- Ap r ! 77 20 7 C2 i 42 1 0 264 LOCA 1030 1 117 I 0.0 1

4 Apr 76 i 90 7 t C2 1 715 .I rVo ! 3.D. 1015 1A7 I 7.1 !

| 91 7 ! h2 1 327 i evo 1 S.D. I 1015 147 E 7.1 1lh Sp'e 79
LOCA , Ic30 | 1A7 1A7 I

_

'

22 Apr 7-4 92 7 | 02 { 513 0.266 !

0.5IA7 *'
8 179 I n/a 5 .D 101523.Apr 7-11 93 1 _7 } C2

7 12 e4 ! ? : C2 179 i n/o [ _5.D. ! 1011 147 08

23 4 ;; 1( i I
! 1 .- ! . . .
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FiIcnarse: C:NDEGASNdegas1.dat
TIME (SECONDS) Pi (PSIA) DP1 (IN. WATER)
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Filename: C:NDEGASNdegas3.dat ~

. , , , , 7. , "' 'e, , , .

TIME (SECONDS) P1 (PSIA) DPI (IN. WATER)
, ,,' ' ~"
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l'i lenane : C: NDEGASNdegas30.dat ,

TIFIE (SECONDS) P1 (PSIA) DP1 (IN. UATEH) ".

733 13 300
' ~

1200 i 350

-
. . . . .

,

-

'

960
' '

330

. . . . . . . . . .

720 310
I

, - _ __ ,

,

. . .

e .

400 290
.

. . . ,

. . .

' '

240
,

270
.

. . . . .

' ' ' ' '

0 - 250
0 200 400 600 000 1000

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



_

;
-

.

|
dat ,

o o o o o cp !O o e v
N.4 ooN ==< *w .-< ,* O 1

O ,
. .

. n .

t. .

f
.

'

% . .
. . .

4

%
. . OI4 . .

.

. . . . . :oI-* '
.

C .

:3 .
.

,

G

2"
-M
wN '

H
W

.

+J C3 .

C O
C.m . .. ,. . . . . . . . c.

.
. .

M^ i
. . . ,

Lo C , .

c- '
.NO .

eaw

OAe
Tv

.. W .

UL
C O
c C

v::: . .c .-
,

.M

94

m
N
c3 .

Z"
.

.

C
U
W C
C/~J C
w . N '

CD
.

|4 w"
Ev
-

. . . . . . .

1

4

>
~

OI I

O
O O O O ON c '3 C:: Y" O N 'v N O

4



m .

.

3

O O O O O C3'

in m e O N Ln C
.

'

M U") M N N NO
O '

M.

. .

r

. . . . . . .
.

.
.

. e
. . .

C *

y

I4 W.

CDH . . . . . .

C . .

#3 .

c
T *

*E
M~ m

. -

MV O -

M n .
, ,

Ce . .

t:r3 A '. . .O C3 . . .

t O
C. . .

-
. . . . . . . . .

7 .
. .

xW
.C .

' ,

(.D ^ '.. .

C4 C '
. .

m- ,

u. . .

/. . W Tyn
OW . . .

s..W
CL

. OC <'
C ' O
% T
C
~

1

O

N
c
E
O ^ ,

U
14 -

CD
OCf3

. - 2., Nw

O
Cd O
EN
-

. . . . . . .

I

Oe

O
O O O O ON Q N C3 Ym O N T N O



+- e. 4 . L

I

.

M M " O N mOM M M N N NO
O

. -
. . m.

L
i. .

. e . |

~
g , r

* | >

;'

i -
- - . . . . . . . ,

,

' * 4 i

4

| .
r

SE |- t

Gra
.

l
'

, e '

I-. , ,
- . .y n.

.. ,

C -

<

;
d 'p :3 :

c < r

T. g* k.
:

.

i

N~m t'

.

UW O $
M M i F i.cw L. .

-

DA ~
-

t
I

[. ,

\Ua - - -

e . t O* <

/ . :
- . . - . . . . . ,

. . i, C*
.

r

.| g
C g

*
' ' '

,
C^ <

>t
.

DJ C 1 - ' ' ~

a = =.
.

*pgg , . .

%m'

! OW . .

i

*..W
OA
C O'

,

e C r
'

- .
T' I-

U
-

, o pm4
I w

! L-n
cn '

.

cs
: E
I C

U
y - O

OCD
* N'w .. .

v \'.
WN
.E. O.

,

| * *

.

. . . ,

6

I

O
O o o e o,

1
N c N C:: ? '

,

' " M b v* N O

:
'

I

!
'

- _

- _- _ - _ - - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ - _ _ _ _ _ - _ _ - _ _ _ _ _ _ __ . _ - . _ _ _ _



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

iO N A M 0 *A C3 N CD N iO O O O O i

.

O
!

O II

.

.

. . . .
.

. . .

=4
* *

CB 3
OM

. w
N ' ' P%

O Ch
CD i M

O^

03. : 1
> tD

C0.

a

w
4.
_1 m

.

-j O
- E

A .:.

O :
g

O
~ O

3
-

"':3 0
m..

ms
p "'3 O
e.% CD tQ. .

. _g
3 to*

t.Jw
A.

en .

.

O .
,

. .

s' '

O
'

' W
.

CD r+.
.

.

w.
. g

Mm
N ---

2
.

C
D

CD - '

HO M
O 23

'

. *

. . . . .
. . . . .

.

O
OM w * * * NOO N A CS CD OO O O O O O

_ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ - - -_ - -



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

CFilcuane: degas 35.dat
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