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1. Scope and Purpose 

A series of chemical tests is being performed to quantify the impact on screen / 
debris bed head loss due to precipitates which may form in the post-LOCA 
containment sump pool.  Based on the Westinghouse Owner’s Group (WOG) 
chemical effects evaluation, Document No. WCAP-16530-NP, Revision 0, the 
primary precipitates which may form are sodium aluminum silicate (NaAlSi3O8) 
and aluminum oxyhydroxide (AlOOH).  In lieu of aluminum oxyhydroxide, 
aluminum hydroxide (Al(OH)3) will be precipitated in the chemical test.  Although 
aluminum hydroxide has a slightly different crystal structure than aluminum 
oxyhydroxide, it is chemically equivalent to aluminum oxyhydroxide. 

In addition, as some calcium will dissolve in the post-LOCA sump per the WCAP 
and Palo Verde has utilizes TSP for a buffer, some calcium precipitates will form. 

Laboratory testing is being performed in order to assure the correct chemical 
compositions are be used in the larger scale chemical tests.  These tests will be 
outlined in this specification.  The tests will be compared to the WOG evaluation 
in order to assure the results are within an acceptable range of the WOG results. 

All testing and evaluations will be performed in accordance with CCI’s Nuclear 
QA Manual [2].   

The units used in this specification are based on European (SI) standard. 

2. References 
 

[1] NEI Report 04-07, Pressurized Water Reactor Sump Performance 
Evaluation Methodology, Rev. 0, December, 2004 

[2] CCI N-III Quality Assurance Manual, Rev. 5.1 

[3] Westinghouse Owners Group Document No. WCAP-16530-NP, Rev. 0 

[4] CDI report No. 95-09, contained in BWR-URG, Vol. 2 

[5] "Input to CCI Chemical Head Loss Tests for Palo Verde", APS document, 2nd 
November 2006, including Ref 3: PVNGS Calculation 13-MC-SI-0016, 
"Trisodium Phosphate Basis Calculation" 

[6] “Palo Verde MFT Bypass Test Specification” CCI Document No. 
Q.003.84.779 Rev. 0 

[7] Niutec document no. 2007.0132.01 “CCI Palo Verde Chemical Testing: 
"Amounts of purchased chemicals”, dated 02/28/2007 

[8] Niutec document no. 2007.0132.01 “CCI Palo Verde Chemical Testing: 
"Amounts of debris in lab bench tests", dated 02/28/2007 
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3. Chemical used to Generate Precipitates 

3.1 Chemicals Used in Testing 

All precipitates required for the Multi-Functional Test Loop (MFT) Chemical Filter 
Performance Test will be freshly precipitated in the test loop for use in the test.  
This will avoid the potential for differences in crystal structure caused by aging 
and will best simulate precipitates formed under containment sump conditions.  
The chemicals to be added to the test loop to generate the required precipitates 
are given below.  A commercial/industrial grade is appropriate for all of these 
chemicals. 

Note: Actual amounts of each chemical used in the MFT tests will be determined 
based on the Laboratory Test results outlined in Section 4. 

The Material Safety Data Sheet (MSDS) must be reviewed and understood by all 
persons performing work or witnessing the testing. The MSDS for each chemical 
used in the testing is attached in Section 6.   

3.2 Boric Acid 

Boric acid (H3BO3) will be added to the test loop to match the post-LOCA 
containment sump chemistry.  For Palo Verde, a boric acid concentration of 
4'400 ppm as B will be used [5].  The volume of water added to the test loop will 
be measured and the amount of Boric Acid added will be calculated and 
recorded based on that volume and the Boric Acid chemical assay.  A calibrated 
flow gauge is located on the water pipe that will be used to fill the test loop.  The 
volume of water added for each test will be measured from this gauge.  There 
will be some water added to the loop after the addition of debris.  This amount of 
water will be calculated and the boron level will be adjusted accordingly.   

The MSDS must be consulted and is attached for viewing in Section 6. 

3.3 Trisodium Phosphate (TSP) 

Trisodium phosphate (TSP) will be added to the test loop to match the post-
LOCA containment sump chemistry.  For Palo Verde, a concentration of 3’900 
ppm as TSP will be used [5].  The volume of water added to the test loop will be 
measured and the amount of TSP added will be calculated and recorded based 
on that volume and the TSP chemical assay.  A calibrated flow gauge is located 
on the water pipe that will be used to fill the test loop.  The volume of water 
added for each test will be measured from this gauge.  There will be some water 
added to the loop after the addition of debris.  This amount of water will be 
calculated and the TSP level will be adjusted accordingly.   
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The MSDS must be consulted and is attached for viewing in Section 6. 

Trisodium phosphate (TSP) is the source of phosphate in the Chemical Filter 
Performance Test. Phosphate will precipitate mainly as Tricalcium phosphate.  

TSP is commercially available as a solid. An accurate assay is required to 
establish the phosphate content.  

For this testing anhydrous TSP by Chemira GmbH is used, 40.5–43.4% P2O5. 
The MSDS must be consulted by the individuals performing the procedure and is 
attached for viewing in Section 6.  

Section 7.3.2 of WCAP-16530-NP recommends limiting the concentration of 
calcium phosphate precipitate to a maximum of 5 g/l to achieve prototypical 
settling behavior. The actual value of TSP needed to produce the required mass 
of phosphate will be determined from the laboratory testing.  

The concentration of calcium phosphate produced in the MFT test will be 
compared to the WOG recommended concentration limit for prototypical settling. 
The precipitate size, settling rate, and filterability of all precipitates in the MFT 
Chemical Test will be determined. 

3.4 Sodium Aluminate 

Sodium aluminate [5] is the source of aluminum to simulate aluminum dissolution 
in the Chemical Filter Performance Test.  This chemical will result in the most 
representative mixture because it will not add other chemical elements that 
would not be found in the containment sump.  Aluminum will precipitate as both 
sodium aluminum silicate and as aluminum hydroxide. 

Sodium aluminate is commercially available as a solid or as a concentrated 
liquid.  Either form is suitable for the test, but an accurate assay is required to 
establish the aluminum content in either case.   

For this testing a liquid 36% sodium aluminate chemical solution produced by 
Chemira GmbH containing 16% Al2O3, 20% Na2O with a density of 1.4 +/- 0.02 
g/cm3 will be used as the source of dissolved aluminum in the test. 

Sodium aluminate is manufactured by reacting hydrated alumina with caustic 
soda.  As a result, solutions are caustic with pH values over 12.  The solution will 
be corrosive and should be properly handled with appropriate personnel 
protection.  The MSDS must be consulted and is attached for viewing in Section 
6. 

Precipitation of aluminum hydroxide is accomplished by lowering the pH to 8.1 or 
less (based on Palo Verde chemistry).  The boric acid concentration in the test 
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loop (based on the containment sump chemistry) will provide an excess of boric 
acid for the amounts of aluminum hydroxide to be precipitated. 

Section 7.3.2 of WCAP-16530-NP recommends limiting the concentration of 
aluminum hydroxide precipitate to a maximum of 11 g/l to achieve prototypical 
settling behavior.  The actual quantity of sodium aluminate needed to produce 
the required mass of aluminum will be determined from the laboratory testing.   

The concentration of aluminum hydroxide produced in the MFT test will be 
compared to the WOG recommended concentration limit for prototypical settling.  
The precipitate size, settling rate, and filterability of all precipitates in the MFT 
Chemical Test will be determined.   

3.5 Calcium Chloride 

Calcium chloride (CaCl2) [5] is the source of calcium to simulate calcium 
dissolution in the Chemical Filter Performance Test.  Calcium may co-precipitate 
with other metals. 

Calcium chloride is commercially available as a solid or as a concentrated liquid.  
Either form is suitable for the test, but an accurate assay is required to establish 
the calcium content in either case.  The liquid form is more convenient for use in 
the test and is available in various strengths.   

A 34% calcium chloride (nominal of 35 wt % CaCl2) solution produced by 
Chemira GmbH with an approximate density of 1.30 g/cm3 will be used for the 
test.  The MSDS must be consulted by the individuals performing the procedure 
and is attached for viewing in Section 6. 

3.6 Sodium Silicate 

Sodium silicate [5] is the source of silica to simulate silica dissolution in the 
Chemical Filter Performance Test.  Silica will precipitate as sodium aluminum 
silicate. 

Sodium silicate is commercially available as a solid or as a concentrated liquid.  
Either form is suitable for the test, but an accurate assay is required to establish 
the silica content in either case.  The liquid form is more convenient for use in the 
test and is available in various strengths.  

For this testing a 37 - 40% liquid sodium silicate solution (27.3 wt % SiO2) 
produced by Chemira GmbH with a density of 1.34 – 1.38 g/cm3 will be used.  
The MSDS must be consulted by the individuals performing the procedure and is 
attached for viewing in Section 6. 
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prototypical settling behavior.  The actual value of sodium silicate needed to 
produce the required mass of silica will be determined from the laboratory 
testing.   

The concentration of sodium aluminum silicate produced in the MFT test will be 
compared to the WOG recommended concentration limit for prototypical settling. 
The precipitate size, settling rate, and filterability of all precipitates in the MFT 
Chemical Test will be determined.   
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4. Laboratory Bench Test  

Several QA bench scale tests shall be performed by NIUTEC AG and will be 
observed by CCI prior to running the Chemical Filter Performance Test in the 
MFT.  A separate QA report documenting the outcome of these tests will be 
provided after completion of these tests.  The bench test report will be used to 
determine the proper amount of chemicals to be used in the MFT test.  These 
bench scale tests are outlined below.  The steps used for the solid and solution 
analysis are outlined in Sections 4.5 to 4.18. 

4.1 Chemical Assays   

An assay of all chemicals purchased for use in the Chemical Filter Performance 
Test shall be performed as well as an assay for stone flour.  The assay of each 
chemical is required to verify the concentration of the chemicals purchased or 
prepared.  The chemical assays will determine the exact concentrations and 
specific gravities of the chemicals used in the tests.  These results will then be 
used to determine if any changes are needed to the chemical quantities to be 
used in the mixing test.  Caution: These chemicals must be handled in 
accordance with the manufacturers Material Safety Data Sheet (MSDS). 

The following assays will be performed:  
1. Solid boric acid will be analyzed for boron. 
2. Anhydrous Trisodium phosphate (40.5 – 43.4% P2O5) will be analyzed for 

phosphate and sodium. 
3. Sodium aluminate solution 36% will be analyzed for sodium and aluminum.  

The specific gravity of each solution will also be measured. 
4. Calcium chloride solution 34% will be analyzed for calcium and chloride. The 

specific gravity of each solution will also be measured. 
5. Sodium silicate solution 38% will be analyzed for sodium and silicate. The 

specific gravity of each solution will also be measured. 
6. Tap water will be analyzed for total dissolved solids (TDS), sodium, calcium, 

aluminum, chloride, sulfate, silica, phosphate, alkalinity, pH and viscosity. 
7. Stone flour will be analyzed for its elements, dry matter and carbonate. 

4.2 Preliminary Debris Tests 

A preliminary debris test will be performed to determine if different kind of debris 
is soluble in boric acid. The amounts of chemicals used in these tests are based 
on [7]. The amounts of debris used in these tests are based on [8]. Procedure for 
the preliminary debris tests areas follows: 
1. Place a glass beaker on a magnetic stirrer and fill with 200 ml de-ionized 

water and a magnetic stir bar. Mix continuously. 
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2. Add 5.053 g of boric acid [7] (Schweizerhall, technical quality, article no. 
81931-410). 

3. Add 0.802 g of TSP [7] (Schweizerhall, art. no. 12717) 
4. Measure pH. 
5. Add amount of one debris per [8] for one test according as follows. Observe 

for gas formation. There are 3 cases of different debris: 
a) 0.378 g of stone flour (Hauert, Biorga Urgesteinmehl) 
b) 1.596 g of zinc dust  
c) 0.193 g of paint chips (dust)  

6. Stir 48 hours and measure pH.   
7. Measure for dissolved boron, calcium, zinc, titanium, silica, particle size and 

total suspended solids. 
8. Repeat the preliminary debris tests using tap water.  

4.3 Mixing Test 

Bench-scale mixing tests will be performed in the laboratory prior to mixing the 
solutions in the test loop.  Tests will be performed with de-ionized water to 
ensure repeatability of results and with tap water to determine the appropriate 
chemical make-up to be used in the MFT tests.  These bench scale test provide 
an opportunity to verify the solution chemistry.  They also allow the measurement 
of the amount of aluminum hydroxide, sodium aluminum silicate and Tricalcium 
phosphate (as well as other potential precipitates) that will actually precipitate.  
The chemicals used in these tests will be the same as those used for the 
Chemical Filter Performance Test; i.e. the chemicals used will be taken from the 
same source and the same solution strengths will be used.  

The chemical quantities in the bench test steps are based on measured 
concentrations and densities provided in the chemical assays.  The amounts of 
each chemical added are based on the desired value of total quantities of 
aluminum, phosphate, calcium, and silica calculated from [5] based on both the 
test scale factor (66.3 per [6]) and on the volume ratio between the mixing tests 
(2 L) and MFT tests (~1'700 L per [6]).  The amounts of the chemicals added to 
the tests are adjusted due to the samples taken from the test solution and the 
chemical additions to the test solution. 

The determination of the calcium chloride quantity added to the bench tests 
which use tap water accounts for the quantity of calcium in tap water. The 
determination of the quantity of Trisodium phosphate and sodium silicate to add 
to bench tests which use tap water does not account for the quantity of 
phosphate and silica in tap water due to the very low phosphate and silica 
concentration in tap water. 

Rev.0 Page 10 of 21 Pages Q.003.84.780 
 



Anweisung 
Specification 
 

 
Chemical Solution Addition Amount in De-Ionized 

Water 
Addition Amount in Tap Water 

Boric acid 50.332 g 50.332 g 
TSP 7.410 g 7.410 g 
Sodium Aluminate 5.015 g or 3.488 mL 5.015 g or 3.488 mL 
Calcium Chloride 1.558 g or 1.173 mL 0.372 g or 0.280 mL 
Sodium Silicate 3.199 g or 2.351 mL 3.198 g or 2.349 mL 

Table 1: Chemical Quantities for Mixing Tests 

Table 1

Note: The value of TSP will probably change following the chemical assay. 

In these bench top tests the following steps will be performed: 
1. Take an aliquot of the water used for the following test and measure its 

viscosity. 
2. Place a 5'000ml-glass beaker on a magnetic stirrer and fill with 2'000ml de-

ionized water and a magnetic stir bar. Mix continuously. 
3. Measure and record temperature and pH. 
4. Add boric acid (Schweizerhall, technical quality, art. no. 81931-410) per 

.  This will prepare borated water with a concentration of 4’400 ppm 
as boron.   

5. Add trisodium phosphate (Schweizerhall, art. no. 12717) per Table 1.  
Caution must be exercised because there will be a neutralization 
reaction that will generate heat.  This will create the potential for 
spattering if done too quickly.  Measure and record temperature and pH 
and take a 100 ml aliquot of this solution. Measure viscosity of this solution. 

6. Measure and record temperature and pH. 
7. Take a 100 ml aliquot of this solution and analyze its viscosity. 
8. Add sodium aluminate solution 36% (Chemira, art. no. UN1819) per Table 1.  

Caution must be exercised because there will be a neutralization 
reaction that will generate heat.  This will create the potential for 
spattering if done too quickly.   

9. Measure and record temperature and pH. Take a 100 ml aliquot of this 
solution. Measure viscosity and total suspended solids (aluminum hydroxide) 
of this solution. 

10. Add calcium chloride solution 34% (Chemira, art. no. 9033.00) per Table 1. 
Measure and record temperature and pH and take a 100 ml aliquot of this 
solution. Measure viscosity of this solution. 

11. Add sodium silicate solution 38% (Chemira, art. no. UN 3266) per Table 1.  
12. Measure pH. If pH is below 7.5 add 1M sodium hydroxide solution until pH > 

7.5. Record amount of additionally added sodium hydroxide solution. If pH is 
above 8.1 add nitric acid until pH < 8.1. Record amount of additionally added 
nitric acid.  
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13. Measure and record temperature and pH.  
Take a 1’000 ml aliquot of the resulting solution and analyze for
aluminum, boron, calcium, silica, sodium, phosphate, viscosity 
(filtered/unfiltered), precipitate settling rate , filterability and total suspende
solids (TSS).  The sample will be continuo

14.  dissolved 

d 
usly shaken / stirred to prevent 

15. d for dry mass, aluminum, sodium, 

16.  to 
ch test to ensure that prototypical settling 

17.  
l expectations to ensure that the quantity of precipitate formed is 

18. r is 

e 
S). Results of this 

le. 

 
e 

rtions 

tic stirrer 

 and the chemical composition will be verified 
 

ted in the WOG chemical testing, 
 

 

settling of the precipitate from occurring. 
The precipitate sample (TSS) is analyze
silicon, calcium, phosphate and boron.  
The WOG precipitate concentration limits will be checked and compared
the concentrations in the ben
behavior can be achieved.   
The total mass of precipitate obtained in the bench test will be compared to
analytica
correct. 
The remaining solution of the laboratory bench test using deionized wate
mixed for another 2-4 weeks (duration to be determined). After this time 
another sample is taken and analyzed for dissolved aluminum, boron, 
calcium, silica, sodium, phosphate, viscosity (filtered/unfiltered), precipitat
settling rate, filterability and total suspended solids (TS
aged sample are compared with the un-aged samp

19. Repeat the laboratory bench test using tap water. 

The combination of TSP with sodium aluminate and sodium silicate solutions 
(which are all alkaline) may lead to pH values in the bench tests which are too 
high to be easily adjusted. If the bench testing indicates that this is the case, an
alternate approach should be employed. In lieu of adding all phosphate to th
test loop as TSP, a mixture of anhydrous TSP, phsphoric acid, and sodium 
hydroxide (if required) can be used. Use of phsphoric acid for a portion of the 
phosphate will assist in maintaining lower pH values. The appropriate propo
of TSP vs. phosphoric acid is determined iteratively through bench testing. 

The laboratory bench-scale mixing test will be carried out using a magne
to properly mix the chemicals and to keep the precipitate in suspension.  The 
resulting mixture will be analyzed as recorded above to confirm the test 
chemistry.  Results will be reported
to preclude repeating the head loss tests.  The methods used for these tests are
outlined in the following sections. 

In order to demonstrate that the precipitate(s) generated in the Chemical Filter 
Performance Test are similar to those genera
precipitate settling rates, size, and filterability must be measured.  These tests
are outlined below in the following sections. 

The WOG tested the aluminum oxyhydroxide, sodium aluminum silicate and 
calcium phosphate precipitates separately. , Aluminum oxyhydroxide and sodium
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aluminum silicate precipitates are considered similar per Section 7.3.2 o
16530-NP.  Since separation of the precipitates formed in the mixing tests is n
possible, these precipitates are tested together. The mixing test will be 
performed at ambient conditions and the temperatures will be recorded.  The

f WCAP-
ot 

 
bench test report will account for the range of temperatures in the MFT and the 

ill have on the precipitate formation.   

4.4 

ects of 

are based 
on [8]. The kind of debris used in the additional mixing tests are defined after the 

 given in the 
description correspond to the 100% value for 2'000 ml and the volume of each 

ts 

hich use tap 
ater does not account for the quantity of phosphate and silica in tap water due 

osp  i
 

olution mount in De-Ionized mount in Tap Water 

impacts the temperature differences w

Additional Mixing Test with Debris 

Bench-scale mixing tests with debris are performed to determine the eff
debris in the mixing test.  These tests use the same chemical components as 
described in 4.3.  Tests are performed with de-ionized water to ensure 
repeatability of results and with tap water to determine the appropriate chemical 
make-up to be used in the MFT tests.  The amounts of chemicals used in these 
two tests are based on [7]. The amounts of debris used in these tests 

preliminary debris tests. Only one of the three debris cases is tested. 

The chemical quantities in the bench test steps are based on measured 
concentrations and densities of the chemical assays [7].  Since no aliquots are 
taken between the additions of the chemicals, the amounts

chemical added to the solution is also taken into account. 

The determination of the calcium chloride quantity added to the bench tes
which use tap water accounts for the quantity of calcium in tap water and the 
dissolved quantity in the stone flour. The determination of the quantity of 
trisodium phosphate and sodium silicate to add to bench tests w
w
to the very low ph hate and silica concentration n tap water. 

Chemical S Addition A
Water 

Addition A

Boric acid 50.332 g 50.332 g 
TSP 8.442 g g 8.442 
Sodium Aluminate 5.573 g or 3.875 mL 5.573 g or 3.875 mL 
Calcium Chloride none none 
Sodium Silicate 3.995 g or 2.936 mL L 3.995 g or 2.936 m
Stone Flour 3.782 g 3.782 g 
Zn Dust 15.958 g 15.958 g 
Qualified epox
Unqualified epoxy 

y 1.932 g / 2.948 g 1.932 g / 2.948 g 

Table 2: Chemical Quantities for additional Mixing Tests 
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1. Take an aliquot of the water used for the following test and measure its 
viscosity. 

2. Place a 5'000 ml-glass beaker on a magnetic stirrer and fill with 2'000 ml de-

3. 
4. ic acid (Schweizerhall, technical quality, art. no 81931-410) per Table 

 

5. 

 and pH. 
6. 

8. ble 2.  
use there will be a neutralization 

l create the potential for 

9. 

11. 2.  
12. 

t of additionally added 

13.  
 silica.  Measure its filtered 
ously shaken / stirred to 

prevent settling of the precipitate from occurring. 

n 

he 
phosphate will assist in maintaining lower pH values. The appropriate proportions 
of TSP vs. phosphoric acid is determined iteratively through bench testing. 

ionized water and a magnetic stir bar. Mix properly all the time. 
easure and record temperature and pH.  

Add bor
M

0 ppm 2. This will prepare borated water with a concentration of 4'40 as
boron. 
Add trisodium phosphate (Schweizerhall, art. no. 12717) per Table 2.  
Caution must be exercised because there will be a neutralization 
reaction that will generate heat.  This will create the potential for 
spattering if done too quickly.  Measure and record temperature
Measure and record temperature and pH. 

7. Add debris per Table 2. Measure and record temperature and pH 
immediately after debris addition and again after pH has stabilized. 
Add sodium aluminate solution 36% (Chemira, art. no. UN1819) per Ta
Caution must be exercised beca
reaction that will generate heat.  This wil
spattering if done too quickly.   
Measure and record temperature and pH.  

10. Add calcium chloride solution 34% (Chemira, art. no. 9033.00) per Table 2. 
Measure and record temperature and pH. 
Add sodium silicate solution 38% (Chemira, art. no. UN 3266) per Table 
Measure and record temperature and pH. If pH is below 7.5 add 1M sodium 
hydroxide solution until pH > 7.5.  Record amoun
sodium hydroxide solution.  If pH is above 8.1 add nitric acid until pH < 8.1.  
Record amount of additionally added nitric acid. 
Measure and record temperature and pH.  Analyze this solution for dissolved
sodium, aluminum, boron, calcium, phosphate and
and unfiltered viscosity.  The sample will be continu

14. Repeat this laboratory bench test using tap water.  

The combination of TSP with sodium aluminate and sodium silicate solutions 
(which are all alkaline) may lead to pH values in the bench tests which are too 
high to be easily adjusted. If the bench testing indicates that this is the case, a
alternate approach should be employed. In lieu of adding all phosphate to the 
test loop as TSP, a mixture of anhydrous TSP, phosphoric acid, and sodium 
hydroxide (if required) can be used. Use of phosphoric acid for a portion of t
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4.5 Analysis of Stone Flour 

The sample will be milled in an agate mill to a size of <0.1 mm. Subsequently it 
will be mixed with wax, homogenized and pressed with 15 tons to a 32 mm 
pellet. The pellet is analyzed by means of Energy Dispersive X-Ray 
Fluorescence (EDXRF, Spectro XRF X-Lab 2000). The uncertainty associated 
with this method of analysis is about 10 %. 

Determination of water content will be performed according to Niutec method no. 
AM 127. The sample will be dried at 105°C until the mass is constant. The 
uncertainty associated with this method of analysis is about 5 %. 

The carbonate will be analyzed according to Niutec method no. AM 130. About 1 
g of dried sample is weighed into the “passon apparatus”. Add 10 ml of diluted 
hydrochloric acid to the acid vessel. Adjust the level of saturated solution of 
sodium chloride in the “passon apparatus”. Add the hydrochloric acid to the 
sample. Read carbonate concentration on the measurement scale. The 
uncertainty associated with this method of analysis is about 5 %. 

4.6 Determination of Boron Content in Boric Acid  

This method is used in the chemical assay to analyze the boron content in boric 
acid. 1 g of boric acid is dissolved in de-ionized water and filled up to 100 ml. 
Dissolve 2 g of mannite and 3 drops of phenolphthalein in 4 ml boric acid solution 
and fill up to 100 ml. Titration with 0.1 N NaOH until color change. The 
uncertainty associated with this method of analysis is about 2 %. 

4.7 Determination of the Total Suspended Solids (TSS) in Solution 

Determination of the total suspended solids will be performed according to Niutec 
method no. AM 201. 

1. Record mass of filter (Schleicher & Schuell, ME 25 0.45 µm) 
2. Solution is filtered using a glass filter holder (Millipore, art. No XX10 047 00) 
3. Rinse filter with 10ml of de-ionized water. 
4. Dry filter (105°C) and record weight until the mass is constant. 
The uncertainty associated with this method of analysis is about 5 - 10 %. 

4.8 Determination of Sodium, Calcium and Aluminum by F-AAS 

Determination of sodium, calcium and aluminum will be performed according to 
Niutec method no. AM 135. Solutions or solids will be dissolved and diluted with 
nitric acid (Merck, 65% suprapur). Samples will be filtered with a cellulose 
acetate filter. Analysis will be done with flame atom-absorbing spectrometry (F-
AAS, Perkin Elmer AAS 2100). Quantification will be done by standard 
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calibration. Parameters for sodium: 330.2 nm, slit width 0.7 nm, C2H2/air, no 
background correction. Parameters for calcium: 422.7 nm, slit width 0.7 nm, 
C2H2/ N2O, no background correction. Parameters for aluminum: 309.3 nm, slit 
width 0.7 nm, C2H2/ N2O, background correction. The uncertainty associated 
with this method of analysis is about 5 %. 

4.9 Determination of Boron by ICP-MS 

Determination of boron in the test solution will be performed according to Niutec 
method no. AM 104. The sample will be dissolved and diluted with nitric acid 
(Merck, 65% suprapur). Samples will be filtered with a cellulose acetate filter. 
Boron is analyzed with ICP-MS (Perkin Elmer Elan 5000). Quantification will be 
done by standard calibration with internal standard. The uncertainty associated 
with this method of analysis is about 10 %. 

4.10 Determination of Chloride, Phosphate and Sulfate by IC 

Determination of chloride, phosphate and sulfate in the lab test solutions and 
phosphate in the chemical assay of Trisodium phosphate will be performed 
according to Niutec method no. AM 58. Concentrated solutions will be diluted. 
Solutions will be analyzed with ion chromatography (Dyonex DX 500). 
Quantification will be done by standard calibration. The uncertainty associated 
with this method of analysis is about 5 %. 

Depending on matrix effects in the lab test solution solution (eg. high chloride 
concentration) phosphate maybe needs to be analyzed spectrophotometrically. 

4.11 Determination of the PH 

Determination of the pH will be performed according to Niutec method no. AM 
125. The pH is analyzed potentiometric (Metrohm pH Meter 654, Metrohm 
Unitrode). Two point calibration with Merck buffer solutions pH 7 and pH 9. The 
uncertainty associated with this method of analysis is about 0.1 pH. 

4.12 Determination of Temperature 

Temperature is measured using a Pt 100 sensor. The uncertainty associated 
with this method of analysis is about 0.5 °C.  

4.13 Alkalinity Determination  

Determination of the alkalinity will be performed according to Niutec method no. 
AM 155 by titration with hydrochloric acid. pH change at 4.3 is detected with 
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indicator. The uncertainty associated with this method of analysis is about 5 - 10 
%. 

4.14 Determination of Silica and Phosphate 

Silicate will be determined spectro photometrically (Hitachi 150-20) according to 
Niutec method no. AM 77.  Add 5 ml ammonia molybdate solution to 100ml 
solution and shake.  After 10 to 15 minutes add 3 ml 10% oxalic acid solution 
and 3 ml ascorbic acid (10 g ascorbic acid in 100 ml de-ionized water).  Measure 
the extinction at 810 nm not before 30 min and not after 120 min. 

In case of matrix effects in the lab test solution Phosphate will be determined 
spectro photometrically (Hitachi 150-20) according to Niutec method no. AM 79 
(ISO 6878).  

The uncertainty associated with this method of analysis is about 5 %. 

4.15 Determination of the Viscosity  

Determination of the viscosity is performed according to Niutec method no. AM 
186 by using an Ubbelohde capillary viscometer (Schott Typ 501 13/0c) at 25°C. 
The uncertainty associated with this method of analysis is about 5 %. 

4.16 Precipitate Settling Rates Analysis 

The settling rate of the precipitate(s) formed in the mixing test will be measured 
and compared to those measured by the WOG and documented in Table 5.3-1 
of WCAP-16530-NP. 

The WOG measured the precipitate settling rates by placing 10 ml of 
mixed/shaken precipitate solution into a centrifuge tube and measuring the 
visible volume of precipitate at 15 minutes, 1 hr, 2 hrs, 3 hrs, and 4 hrs. 

Determination of the precipitate settling rates will be determined by: 
1. Taking 10 ml of the mixed/shaken precipitate solution into a 100 mL 

graduated cylinder. 
2. Measuring and recording the visible volume of precipitate after 15 minutes, 1 

hr, 2 hrs, 3 hrs, and 4 hrs. 

Precipitate settling tests are performed at room temperature (22°C). The 
uncertainty associated with this method of analysis is about 2 %. 
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4.17 Precipitate Size Analysis 

The size of the precipitate(s) formed in the mixing test will be measured.  These 
measurements are required both for comparison to the WOG generated 
precipitates and to understand the hydraulic (head loss) characteristics of the 
precipitates. 

The WOG measured precipitate size using Scanning Electron Microscopy 
(SEM), which showed that the constituent particles are less than 20 µm in size 
and that the agglomerated particles ranged in size from 10 to 100 µm per 
Section 5.3.2 of WCAP-16530-NP. 

Particle size in the suspension will be determined by laser diffraction (Sympatec 
Helios). Parameters are: Focal distance: 200 mm, cycle time: 1000 ms. The 
uncertainty associated with this method of analysis is about 1 %. 

4.18 Precipitate Filterability 

The filterability of the precipitate(s) formed in the mixing test will be measured 
and the filter coefficient results compared to those measured by the WOG and 
documented in Table 5.4-1 of WCAP-16530-NP. 

The WOG procedure for determining filter coefficients is outlined in Section 5.4.3 
of WCAP-16530-NP.  The precipitate solution was pumped through a filter at 
different flow rates and the pressure drop across the filter was recorded. 

Precipitate filterability will be performed by the following steps: 
1. Assemble Millipore glass filter holder (Millipore, art. no. XX10 025 00). 
2. Place the filter (Millipore, RA, 1.2 µm) in the filtration system.  
3. Moisture filter and adjust vacuum to 100 mbar. Record vacuum. 
4. Transfer the mixed/shaken precipitate solution to the Milipore funnel 

apparatus. 
5. Start the timer. Note time t and filtrated volume V. 

The uncertainty associated with this method of analysis is about 10 %.  

For calculation of the specific resistance = 2*b*P*A2/u/w   [m/kg] 
t  =  Time   [s] 
V  =  Volume  [m3]   
P  =  Pressure drop across the filter   [N/m2] 
A  =  Area of the active filter paper   [m2] 
b  =  Slope which best approximates the graphical relation of t/V  
  (ordinate) vs. V (abscissa)   [s/m6] 
u  =  Viscosity of the filtrate   [Ns/m2] 
w  =  Mass of solids per volume of sludge   [kg/m3] 
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Two different filter coefficients Kfx are calculated according to WCAP-16530-NP. 
The conversion coefficient from US- to SI-unit is 1 gpm/ft6/psi*lb*cp = 5.196E-9 
kg/m3.  

Kfx, av =  Filter coefficient using average flow rates  
 =  Fav*u*mx/A/P   [gpm/ft6/psi*lb*cp] or [kg/m3] 

Kfx, inst=  Filter coefficient using approximated instantaneous flow rates  
 =  Finst*u*mx/A/P   [gpm/ft6/psi*lb*cp] or [kg/m3] 

Fav  =  Average flow rate per filter area  
 =  V/t/A   [m/s] 

Finst  =  Approximated instantenous flow rate per filter area  
 =   ∆V/∆t/A   [m/s] 

mx  =  Specific dry solids loading  
 =  V*w/A   [kg/m2] 
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5. Documentation 

A test report shall be prepared to provide the results of the Laboratory Test.  This 
test report shall include records of all test runs that have been completed 
including assumptions, data, descriptions, evaluations, and conclusions.  The 
test report will be a QA document, prepared by Niutec, but reviewed and 
approved by CCI.  The test report approved by CCI shall be provided to Palo 
Verde for owner’s approval.  A copy of the approved test report shall be attached 
to the strainer replacement QC documentation. 

The records of these tests shall be collected and attached to the strainer 
replacement QC documentation.  Each test record shall identify: 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Component tested 
Date, hour and minute of test 
Test specification number and revision 
Test equipment number data recorder number 
Quantity of debris and chemicals added to the test 
Test Parameters  
Action taken in connection with any deviations noted 
Results of test compared to WOG results 
Persons evaluating/observing testing 
Calibration Information of all equipment used including Instrument/model 
number, serial number, instrument range, calibrated range, instrument 
accuracy, date of last calibration, date of next calibration, and calibration 
certificates 
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6. Enclosures and Exhibits 

Material Safety Data Sheets (MSDS) 
a) MSDS Boric Acid 
b) MSDS Trisodium phosphate  
c) MSDS Sodium Aluminate  
d) MSDS Calcium Chloride  
e) MSDS Sodium Silicate  
f) MSDS Nitric Acid  
g) MSDS Sodium Hydroxide  






























































































