
 
 

April 22, 2015 
 
 
MEMORANDUM TO: Victor G. Cusumano, Chief 
   Safety Issues Resolution Branch 
   Division of Safety Systems 
   Office of Nuclear Reactor Regulation 
 
FROM:   Ashley S. Guzzetta, Reactor Systems Engineer /RA/ 
   Safety Issues Resolution Branch 
   Division of Safety Systems 
   Office of Nuclear Reactor Regulation 
 
SUBJECT:  STAFF OBSERVATIONS OF BORIC ACID PRECIPITATION 

TESTING DURING A MARCH 30, 2015, TRIP TO THE TEXAS A&M 
UNIVERSITY IN COLLEGE STATION, TEXAS 

 
 
 On March 30, 2015, U.S. Nuclear Regulatory Commission (NRC) staff traveled to the 

Texas A&M University to observe testing associated with boric acid precipitation.  The objective 

of this trip was to observe independent boric acid precipitation tests being conducted by the 

university.  The participating NRC staff members were Ashley Guzzetta, Stephen Smith, and 

Victor Cusumano of the Safety Issues Resolution Branch in the Division of Safety Systems and 

Jeremy Dean and Leonard Ward from the Nuclear Performance and Code Review Branch.  The 

staff interacted with graduate students and faculty of Texas A&M University.   

 
The enclosure summarizes the staff’s visit on March 30, 2015. 
 
ENCLOSURES: 

1.  Trip Report 
2.  Appendix A - Test Procedure 
3.  Appendix B - Precipitation and Sedimentation Test Apparatus Presentation 

 
 
CONTACTS:   Ashley Guzzetta, DSS/SSIB   Stephen Smith, DSS/SSIB 
  301-415-3201     301-415-3190
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OBSERVATIONS OF BORIC ACID PRECIPITATION TESTS AT TEXAS A&M UNIVERSITY 

MARCH 30, 2015 
 
Objective 
 
On March 30, 2015, U.S. Nuclear Regulatory Commission (NRC) staff traveled to the Texas 
A&M University to observe testing associated with boric acid precipitation.  The objective of this 
trip was to observe independent boric acid precipitation tests being conducted by the university.   
 
The test witnessed by the NRC staff shows the basic visualization of boiling water with high 
boric acid concentration in a clear container.  The test witnessed is just one test in a series of 
tests performed to assist in understanding the phenomena associated with boric acid 
precipitation (BAP) in nuclear reactors.   
 
Overview of Facility 
 
The test setup occupies a 5’ by 10’ area in one of Texas A&M University’s offsite 
experimentation facilities.  The building is used for experimental work and currently has a many 
experiments being carried out related to GSI-191.   
    
Test Setup  
 
In the current setup (see Figure 1), the Metering Pump draws a boric acid solution from the 
Reservoir to the top of the Test Section consisting of 41 heated rods simulating fuel rods in a 
reactor vessel.  The heated solution actively boils and the vapor boiling off leaves the test 
assembly through the Vapor Exhaust.  The experiment is held in a container with clear 
polycarbonate walls allowing easy visualization of the boric acid precipitation phenomenon.  The 
maximum temperature of the experiment is 248ºF (120ºC).  The fuel rods are 0.37 inch (0.95 
cm) in diameter arranged in a square lattice.  The rods are independently powered by power 
meters totaling up to 500 Watts each and totaling 20.5 kW. 
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Figure 1. Experimental Test Setup for the Precipitation and Sedimentation Test Apparatus 
(PASTA) 
 
Test Performance 
 
The testing began by injecting one liter of boric acid solution to the Reservoir every 15 minutes. 
The heated rods were being powered with 4 kW.  When the Metering Pump was stopped to add 
another liter of boric acid solution to the test assembly, all precipitate fell to the bottom of the 
test assembly as seen in Figure 2. 
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Figure 2: BAP on Bottom of Test Section when Metering Pump is stopped 

 
Boric acid precipitation started to occur at about 75 minutes into the test after five liters of boric 
acid solution were added to the test assembly.  It was observed that precipitation occurs on the 
walls of the test assembly and as agglomerations of precipitate of varying size.  The boric acid 
solution and precipitate are vigorously mixed by the currents caused by boiling.  This is seen in 
Figure 3.  As a note, no precipitation was seen on the heated rods.  This can be attributed to the 
temperature of the rods being greater than the precipitation temperature of the boric acid in the 
solution. 
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Figure 3: About 75 minutes into Test when BAP Begins to Occur 

 
After about 2 hours of testing, boric acid solution was no longer added to the reservoir and the 
heater rods were continued to be powered. As vapor continued to boil off, the volume of solution 
in the test assembly decreased and the amount of precipitation and size of precipitate 
agglomerations increased as seen in Figures 4 and 5.   
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Figure 4: BAP in the Test Section after Boric Acid Solution Addition was ceased 

 

 
Figure 5: A Closer Look at BAP in the Test Section after Boric Acid Solution Addition was 

ceased 
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Summary 
 
The NRC staff became more familiar with the BAP testing being performed at Texas A&M 
University as a result of witnessing the PASTA experiment.  The testing was will assist in 
understanding the phenomena associated with boric acid precipitation in nuclear reactors.   
 
 
 
 



 
 
 
 
 
 
 

ENCLOSURE 2 
Appendix A - Test Procedure 















































 
 
 
 
 
 
 

ENCLOSURE 3 
Appendix B - Precipitation and 

Sedimentation Test Apparatus Presentation 
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Purpose

• Provide a description of recent research 
activity conducted at Texas A&M University 
on BAP

• Show the capabilities developed in the 
Thermal-Hydraulic Laboratory at TAMU and 
potential future research on BAP

• Establish Technical Communication between 
the NRC staff and TAMU for current and 
future research needs.



The Beaker Experiment

• Basic visualization of boiling water with 

high BA concentration

• Precipitation of BA in boiling water in an 

open clear container

• Basic learning and understanding of the 

phenomena involved



The Beaker Experiment

 275 g of boric acid (Optibor ® 

Orthoboric Acid, H3BO3)

 2000 ml of DI-water

 C0 = 137.5 g/l

 Expected BA solubility limit (Cs

= 275 g/l) to be reached at 

approx. 1000 ml water level 

 No water addition during the 

experiment (water left 

evaporating over time)

K. P. Crapse, E. A. Kyser, III, “Literature Review of Boric Acid Solubility Data”, 

Savannah River National Laboratory report, SRNL-STI-2011-00578 (2011)



The Beaker Experiment

Early Stage - 1 Early Stage - 2 



The Beaker Experiment

Middle Stage Later Stage



The Beaker Experiment

Final Stage



• Differences and Analogies between 

Beaker and Pin Bundle

• Geometry

• Heat Transfer

• Effect of Precipitation 

Questions raised after the 

Beaker Experimental Observations



• Provide more realistic test environment 
than the beaker

• Supply larger power

• Allow controlled flow injection

• Allow flow visualization for qualitative 
analysis (including area between rods)

• Allow quantitative measurements of Boric 
Acid Concentrations 

The Precipitation And Sedimentation Test Apparatus 

(PASTA)



• Clear Polycarbonate Walls
• 360° Flow Visualization

• Max Temp = 120 °C

• 41 heated rods
• Square Lattice

• 0.95 cm Diameter

• 500 W each (total power installed = 20.5 kW)

• Rods independently powered (power meters installed)

• Controlled Injection Flow Rate

• 4XTop + 2XBottom Injection Locations

• 2X Sampling Ports

• 2X k-type Thermocouples

• Easy to operate and clean

PASTA – Main features



The Precipitation And Sedimentation Test Apparatus 

(PASTA)

a. Facility Overview b. Test Section c. Test Section (Top View)

d.  Sampling Ports e. Heated rod



• Shakedown Tests at ~2.5 kW

• Shakedown Tests at ~ 4 kW

• Shakedown for Sampling Methodologies 
and Concentration Measurements

• BA Concentration Calibration (Calibration 
Curve and Error Estimation)

Experimental Activity Performed



Video Sample



Shakedown – Snapshot 1/4



Shakedown – Snapshot 2/4 



Shakedown – Snapshot 3/4



Shakedown – Snapshot 4/4



Timeline

August 2014

Hand calculations on BA 

Concentration in the core

September 2014

The Beaker Experiment

November 2014

PASTA Design Start

January 2015

PASTA Shakedown

February 2015

BA Measurements 

Techniques and Calibration 

August 2014

NRC Public Meeting with STP



Discussion

• . 
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