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Background
* Separate effects testing to support cold leg break

GSI-191 concerns by demonstrating that
communication between the core and the lower plenum
will continue in the presence of a forming debris bed
with a certain fiber load.

° Extend the use of the subscale test facility to inform the
BAP program as to the influence of in-vessel debris on
BAPC.

* Completion of this work will negate any need to
separate BAP from GSI-191 since BAP concerns
related to in-vessel fiber will be addressed.
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Experimental Objectives

Determine fibrous debris limit that does not stop mass
transport between the core and lower plenum driven by
density gradients that develop due to boron solute
buildup in the core during a large CLB.
- Design an adiabatic separate effects test that takes advantage of

the existing test apparatus constructed for GSI-191 closure.
- Simulate the post-LOCA density gradient that exists between the

core and lower plenum by injecting a high density salt solution
that simulates boron solute buildup in the core post-LOCA.

- Investigate how this density driven transport mechanism is
influenced by the presence of debris collection at the core inlet.

- Use instrumentation to measure the solution concentration and
confirm the transport of mass through the core inlet geometry.
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Prototypic Scenario

Limiting scenario for BAPC is a large cold leg break.
- Excluding 2-Loop UPI plants

" UPI plants are large hot leg break limited.
* UPI plants will not accumulate fiber at the core inlet like plants with cold side injection.

- Boric acid (BA) accumulates in the core region due to boil-off.
- Multiple processes promote mixing of boric acid in core region with other

regions of the reactor vessel.

Buoyancy-driven convection occurs between the core and lower
plenum.
- Rate of mass transport is dependent on interface geometry, density

gradient and steaming rate.
Effective mixing volume increases and build-up of BA slows.

- The effects of debris collection at the core inlet are not well understood.
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Previous Brine Testing
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Previous Test Results

" Concentration gradient across core inlet independent of lower plenum geometry.
" Lower plenum mixing influenced by lower plenum geometry.
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Selection of Working Fluid

" Replicate the properties of varying concentrations of
boric acid at 212TF and 14.7 psia.

" Examined four different salt solutions: Sodium Chloride
(NaCI); Potassium Bromide (KBr); Potassium Chloride
(KCI); Sodium Bromide (NaBr). KBr at 68F vs HBO, at 212F matching density gi30

" KBr is chosen as the working fluid.
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Scaling Considerations

" Differences in absolute viscosity can be put into
perspective through dimensional analysis. When the
Grashof number (Gr) is large, viscous forces are
negligible compared to the buoyancy and inertial forces.

Gr g - 3- (C1 - Co)- L3

V 2

" While the viscosity of the salt solution may be -2-5x
greater than BA, it is still relatively small.

* Even for a small concentration gradient, Gr is large,
causing vigorous convection currents to arise.
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Scaling Considerations

Froude number (Fr) can be used to predict onset of
density driven flow by providing the relative importance
of inertia to buoyancy forces.

Fr= g .L -dp

g-D 20P
dz

* The formulation of the Froude number reinforces the fact
that so long as the density gradient is equivalent
between the salt solution and the boric acid solution
being simulated, the fluid behavior will be similar as well.
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Subscale Simulation

" Create series of steady-state conditions in
which buoyancy-driven exchange flow will
occur in the subscale facility.

" Brine will be injected into Control Volume 1
several inches above the test geometry.

" When the density gradient overcomes the
upward flow, buoyancy-driven mass
transport will begin between V1 and V2.

* Two-region transport model described in
OG-13-205 used for simulation.

- No temperature gradient between regions
- Constant inlet flow
- Solution exits flow column (NOT a "boiling pot")
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Simulation Results
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* Simulation Conclusions
- Since the time scale associated with

preserved, the time at which brine is
varied within the test matrix.

the onset of mass transport cannot be
injected relative to debris should be

- Injection flow rate or source concentration should be varied within the test
matrix to create a range of exchange flow rates consistent with varying plant
conditions.

- The density gradient at the onset of mass transport can be preserved.
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Subscale Facility Modifications

* Major modifications include:
- Addition of brine injection system.

- Conductivity measurement system.

- A second 300 gal. tank for

once-through flow. II
Brine Injection

Pump

From Air
A 5 • CompressedA5 feed line

(Air Injection
Valve)

I - IFrom DIS

V1 •I Pump 1 V1 Injection Pump

To DIS Clean
Water Pump
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Debris Constituents and Test
Geometry

* Utilize fibrous and particulate debris.
- Same material used in the PA-SEE-1 090 test program.

* Chemical debris will not be considered.
• One round of tests will be completed using particulate

debris.
- Same debris size distribution and p:f ratio used in the PA-

SEE-1090 test program.
- Limit visual observations

* Test geometry will be the core inlet geometry used for
the PA-SEE-1 090 final limits testing.

onsists of bottom nozzle, p-grid, and bottom spacer
grid from a Westinghouse 17x1 7 RFA fuel assembly.
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Conductivity Probe

r Fast response micro-conductivity
probe EI46
- Meets the functional requirements and has a 1/8" body III

diameter that can easily be installed in the subscale
flow column.

" Will be calibrated using KBr
solutions

- Initial calibration using dip technique _________
- Effect of flow field to be investigated F

1. Cauduaivity I~b
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Test Plan
Separated into shakedown and final test phases.
- Shakedown phase is to confirm that the new systems

function as expected/required.
" Finalize operating procedures that will be used for final

testing.
" Determine the baseline debris only conditions.
* Characterize brine injection

- Final Test Matrix defined using shakedown results.
" Range of conditions for debris loads
" Brine injection characteristics
" Three parameters will be varied: timing of brine injection,

debris load, and brine source concentration.
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Shakedown Testing
(debris only)

1188- 1188- 1110- 1sa- 3188- 111u- 1118-
Test ID (Data file Nanle) Units TPO0- TP01- TPOOl- WODl- WWI- TP001- TP--1-

01 02 03 04 05 06 07

Repetition f 1 1 1 1 1 1 1

W-RFA- W-RFA- W-RFA- W-RFA- W-RFA- W-KFA- W-RFA-
Grid Type ON se ON a" BN B BN

Temperature F 6 6r 6s 68 658 68 68

Pressure (for fluid properties) psia 14.7 14.7 14.7 14.7 14.7 14.7 14-7

Den•ity Ibmnft3 62.3 62.3 62.3 &Z.3 62.3 62.3 62.3

VoCletuc HOW Rate gpmn 075 0.75 0.75 0.75 0.75 0.75 0.75

flow Re Iscaled to singe A pm/FA 31 3.2 3.2 3.2 3.2 3.2 3-2

Blended Blended Blended Blended Blended Blended Blended

NUKON N UK NUKOl NUK(]f NHU1K(C NLUNCO NUKON

FiberMass g 3.5 3_5 5-25 5.25 1.75 1.75 3-5

Fiber Mass (Scaled to FA) g 15 15 22.5 22.5 7-5 7-5 15

Paricule Ty" SiC Sic Sic sic SiC SiC sic

Pat••ulate SiZe Distrut Dist. 1 01st. 1 Dist. 1 I-st-1 Dist1 [DistI1 Dist 1

Particulte Mass g 0 42 0 63 0 7 21

Patide to FiberX Iao 0 12 0 12 0 4 6

Debris Injection Durmtion min 30 30 30 30 30 30 30

Peak Fiber N*Ktan Rate g/min 0.381 0.31 0.57 0.57 0.19 0.19 0.35

Peak Pariculte ftnjetion Rate g/min 0 4156 0 6.84 0 0.76 2.28
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Debris Only Results

Pressure drop across debris bed is very small.
-Less than 0.1 psid.

- On the order of instrument accuracy.

* Fiber beds cannot support large particulate
loadings and remain stable.
- 12:1 injected p:f ratio results in break-through.

- Particulate capture efficiency <10%.

0PRESSURIZED WATER REACTOR OWNERS GI OUP



Shakedown Testing
(brine injection)

ID Brine Injection (gpm) Source Concentration (wt%) Initial Column Flow (gpm)

SD 1 0.5 20 0

SD 2 0.5 20 0.75

SD 3 0.5 20 0.5

SD4 1 20 0

SD5 0.5 16 0.75

SD 6 0.5 11 0.75
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Brine Injection Results
1, 1' ýý-EM
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Brine Injection Results
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Shakedown Testing
(brine injection)
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Testing Plan (Phase 1)
__________________________________________ ________ - I - U - mu - I

Test ID (Dat File Name) units
11135-

WOYl-08
1188-

Tpcn-Om
TO18-O 1101-

1.P001-1.1
11a8-

TPO01-12
1188-

TPD01-13
1188-

TP"D11-14
11w5-

T1IP0-15
118-

TPO01-1i

epeetiboln 1 1 1 1 1 1 1 1 1

Grid Type W__-_ W-RFA-U W--FA-SN W-RFA-UH W-RFA-A-N W-RFA-BN W-tFA-UA W-RA-BN W-pI=A-UN

Temperature OF 6G 68 68 63 68 68 68

Pressure (for fluid properties) psia 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7

M"Upward Howae up.n 08 0.8 0.3 0. o1 0.8 0 .3 5n 0o3 0.3

itial Upward FOW Raft (SCaled to slgle FA) gpnl/FA 3A 3.4 3.4 3.4 3-4 3.4 3.4 3.4 3.4

Brirem Mtio iF1W Ra•t pm 035 o.5 03 0.5 o.5 0.5 m5 o.5 0.5

BWine Injection Concentration wt% 10 10 10 10 10 10 10 10 10

Start of Brine "UM ReM&*e to Fiber Add. nn - conaurrent 20 Concurrent 20 Concurrent 20 Concurrent 20

Fer Type Blended Blended Blended Blended Blended Blended Blended Blended

NUKON "Mom NUKON NUKON NUICON NUKON NUKON NUION

Fiber Mass g 0 L17 1.17 1.75 175 2-33 2-33 TOO TOD

Fiber Mass (Scaled to FA) g 0 5 5 7.5 7.S 10 10 TUG TOD

Paricubt Type ....... SiC SiC

VariC•lSize • Dislri n D D l Dist.I

ParticeMass 0 0 0 0 0 0 0 TOD TOD

Prcle to Fbier lato - 0 0 0 0 0 0 Too TUG

Debris Injection Duabtion m - 30 30 30 30 30 30 30 30

ea Fiber injection mate M/rai - 0.13 0.13 0.19 0.19 0.25 0.25 TUG TOD

Peak Particulate ijectmin Pate g/min - 0 0 0 0 0 0 TUG TUG
ii-M-m
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Results: Concurrent Injection
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Results: Delayed Injection
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Results: Delayed Injection 'N
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