GE Nuclear Energy Morris Operation

72.48 Applicability Analysis for Changes, Tests, Experiments

Description of Activity:

GE-MO License SNM-2500, Section 4.0, Paragraph 4.8.1 specifies basin water chemistry
values for pH (4.5 to 9.0), NaNo3 (<200 ppm), and Cl (<10 ppm). This 72.48 provides
evaluation of a proposed change in water conductivity value to 1.35 (equivalent 5.5 to 8.0
pH) and eliminate NaNos; and Cl measurements.

(See discussion, justification and previous 72.48 attached)

Does this activity:

Yes No
Increase the probability of occurrence of an accident previously evaluated in
the CSAR?

Increase the consequences of an accident previously evaluated in the CSAR?

Increase the probability of occurrence of a malfunction of equipment important
to safety previously evaluated in the CSAR?

Increase the consequences of a malfunction of equipment important to safety
previously evaluated in the CSAR?

Create the possibility of a different type of accident than any previously
evaluated in the CSAR?
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Create the possibility of a different type of malfunction of equipment important
to safety than any previously evaluated in the CSAR?

Reduce the margin of safety as defined in the basis for any technical
specification?

Involve a significant increase in occupational exposure?
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Involve a significant unreviewed environmental impact?

Prepared by: (59 & M‘ Title: Regulatory Compliance Mgr. Date: July 28, 2004

Safety Committee Approval (Required if any of the above questions are answered Yes.):

Manager, Morris Operation: Date:

Operations & Maintenances Manager: Date:
Regulatory Compliance Manager: Date:
Radiation & Operations Safety Officer: Date:
Specialist EHS, Facilities & Procurement: Date:
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GE Nuclear Energy Morris Operation

72.48 Applicability Analysis for Changes, Tests, Experiments

As shown in GE-MO 72.48 prepared February 16, 1996, conductivity is a more accurate way to
measure ultra pure water quality than pH and a conductivity value of 2.5 ymho/cm was
established, corresponding to a pH of 4.5 to 9.0 in keeping with the reference license specification.
This 72.48 lowers that value to 1.35 ymho/cm for the basin water, equivalent to a pH value of 5.5
to 8.0. This change is in keeping with the requirements in NUREG 1801, Chapter Ill, Table A5.1-e
establishing a lower limit of 5.5 pH for water as non-aggressive to concrete. This value is also
representative of the typical GE-MO basin water quality. Since March 1976 the average basin
water conductivity has been 1.07 umho/cm. There are no sources for NaNosz and Cl in the basin
environment and values for these materials repeatedly are below detectable limit. During a recent
test, basin water makeup, cooling and filtration were discontinued for a period of 50 days resulting
in an actual conductivity increase to 1.22 ymho/cm. A conductivity value of 1.35 pumho/cm also
provides a much lower tolerance for ionic impurities allowing the elimination of NaNos; and ClI
measurements since values well below 5 ppm of either cause conductivity to significantly increase
beyond 1.35 umho/cm.

Spent fuel in the GE-MO basins are clad with either stainless steel or zircalloy. Per IAEA-
TECDOC-1012, “Durability of Spent Nuclear Fuels and Facility Components in Wet Storage”, the
zirconium alloys represent a class of materials that is highly resistant to degradation in wet storage,
including some experience in aggressive waters. The database for the zirconium alloys supports a
judgment of satisfactory wet storage in the time frame of 50 to 100 years or more (IAEA 5).
Stainless steel components in wet storage have an excellent history of performance, including
service in aggressive waters. Specific examinations of LWR SS fuel claddings indicate no
evidence of degradation after periods of wet storage. Satisfactory service of SS clad fuels and
facility components can be expected for several decades if materials with favorable microstructure
and low stress levels are involved (IAEA 5). This is based (IAEA 10.1) on the methods used to
maintain water quality in storage pools including skimmers, periodic vacuuming and ion exchange
filtration, (all of which are used in the GE-MO basins). When these water control methods are
effectively and systematically applied, environmental conditions in the pools are in the benign
range, e.g., conductivities near 1 uS/cm (equivalent to 1 umho/cm), chloride concentrations <1
ppm, and pHs in the range of 4.5 to 8.0. Since March 1976 average GE-MO basin water
conductivity has been 1.07 ymho/cm, (pH value of 5.60 minimum). Results of basin air and water
sampling since the last fuel was received in January 1989 have been consistent, indicating the fuel
cladding hasn’t deteriorated. The quality of the GE-MO basin water and the more stringent values
described here insure integrity of the fuel cladding and continue to demonstrate that no mechanism
exists in the fuel storage environment to cause a release in quantities sufficient to result in
exposures approaching the limits specified in 10 CFR 72.104.

Attachments:

Letter “Justification for Updating Basin Chemistry Technical Specification”, Prepared July 9,
2004, by C. A. Roche

72.48, “Justification for Assuming Equivalency Between Conductivity and pH”, Prepared
February 16, 1996, by L. D. Denio
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GE Nuclear Energy

Christopher A. Roche Morris Operation

Radiation & Operations Safety Officer General Electric Company
7555 East Collins Road
Morris, IL 60450
815/942-5590 Ext 74

TO: Morris Operation Safety Committee

FROM: Christopher A. Roche

DATE: July 28, 2004

SUBJECT: Justification for Updating Basin Chemistry Technical Specifications

Purpose

This report will propose changes to the Technical Specifications in section 4.8.1 of
SNM-2500 and provide justification for the proposed parameters.
The proposed changes to section 4.8.1 Technical Specifications are:

1. Add a Conductivity specification of 1.35 umho/cm max.

2. Remove the pH, CI” and NaNO3; Technical Specifications.

Background

The current Technical Specifications for basin water chemistry were implemented in the
early 1970s. At that time, basin water had a dissolved solid concentration of about 100
ppm, mainly as sodium nitrate with an average conductivity of 215 umho/cm. With an
ionic content of this magnitude, the pH of water is an important parameter to ensure a
chemically inert environment. The pH analysis provides detection capability for an
addition of acidic or alkaline contaminates, since conductivity alone will not provide this
information.

The measurement of pH in high-ionic content water will yield accurate and consistent
results because of the good electrical contact between the sensitive areas on the
selective ion probe and the buffering capability of salts in solution.

In 1976, a campaign to improve the quality of the basin water was undertaken. This
resulted in the reduction of dissolved solids concentration to less than .1 ppm, and a
reduction of the basin water conductivity to around one umho/cm. Since March 1976 the
average conductivity of the basin water has been 1.07 umho/cm. At this conductivity,
the maximum range of pH is 5.60 to 8.63. The best measure of quality for low-ionic
content water is the conductivity of the water. The pH of low-ionic content water is
difficult to determine and can be influenced greatly by many factors including, sample
techniques, analysis equipment, atmospheric CO,, and sample storage. By maintaining
low basin conductivity, we ensure the high quality of the basin water and an inert
environment for fuel storage.

Morris Operation Fuel Basin Chemistry Control

Chemistry is maintained in the fuel basin by using ultra pure makeup water, mechanical
and ionic filtering, and strict control of basin operations to prevent contamination of the
basin water.

The makeup water system is a closed loop ultra-pure water system that is continuously
monitored for resistivity. Normal resistivity of system water is over 18 megohms/cm
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(0.056 umho/cm) and an alarm is actuated if water quality reaches 5 megohms/cm (.2
umho/cm), this will prevent addition of impure makeup water to the fuel basin.

Fuel basin water is continuously purified using a mixed-bed ion exchange resin to
maintain basin water quality.

Conductivity of basin water is measured continuously to detect problems, trends or the
addition of contaminates, so that actions may be taken immediately to correct the
problem.

The Morris fuel basin is open to air and is therefore susceptible to Carbon Dioxide (CO,)
absorption. Carbon Dioxide forms Carbonic acid in water, which is a weak acid that
lowers the pH and raises the conductivity of demineralized water. Demineralized water
saturated with CO2 could have a pH as low as 5.6. Ultra pure water equilibrated with
CO2 will have a conductivity of 0.8 to 1.2 umho/cm because of the ions present in the
water from CO2 absorption.

Morris Fuel Basin Chemistry

pH vs. Conductivity 1976 - Present
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The above graph shows basin conductivity and pH since March 1976. Trend lines are
imposed over the data to show data trends data over time. The conductivity has been
very stable around 1.0 umho/cm. Conductivity spikes are attributable to basin
operations that would be expected to raise conductivity, and actions were taken to
quickly bring the parameters back to normal values. The pH values during the same
period do not correlate with the conductivity values as would be expected for the very
low conductivity of the basin water. Many of the pH values are outside of the possible
pH range for the measured conductivity of the water. If the basin water conductivity is
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maintained around 1 umho/cm, a measured pH below 5.5 is outside of the theoretical
pH range and is most likely erroneous.

Justification for Technical Specifications

A conductivity specification of 1.35 umho/cm would provide a much lower tolerance for
ionic impurities and allow the elimination of the CI” and NaNOg3 Technical Specifications.
Conductivity measures the concentration of ions in solution; additions of ionic impurities
would cause the conductivity to increase.
The conductivity of solutions can be calculated by multiplying the Equivalent
Conductance by the number of Equivalents as shown in the following equation.
Conductivity = (ppm) / GFW x EC
Where:

ppm = Contaminate concentration in mg contaminate / kg solute.

GFW = Gram Formula Weight of contaminate compound.

EC = Equivalent Conductance of contaminate compound.

Note: the Infinite Dilution Equivalent Conductances are used for these calculations.

Examples:
A 5 ppm Chloride solution (assuming NaCl) would have the following conductivity:

Conductivity = 5 ppm / 58 x 126.4 = 10.9 umho/cm at 25°C

A 5 ppm Sodium Nitrate solution would have the following conductivity:

Conductivity = 5 ppm / 85 x 121.5 = 7.1 umho/cm at 25°C

As shown above, the concentrations required to exceed the 1.35 umho/cm conductivity
specification, are significantly below the current technical specifications for Chloride and
Sodium Nitrate. Additional conservatism is built into the above calculations, as they do
not take into account any other ions in solution such as hydrogen, hydroxyl, and
carbonate ions from air exposure.

The following graph shows the permissible pH range for a given conductivity. A
conductivity limit of 1.35 umho/cm would maintain the pH of the basin water between
5.50 and 8.73. This is more restrictive than the current specification of 4.50 to 9.00. The
average conductivity of the basin water since March 1976 is 1.07 umho/cm. This
conductivity has a pH range of 5.60 to 8.83.
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pH-Conductivity Permissible Domain
for NaCl System at 25 degC
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Conclusion

The current Technical Specifications are not consistent with the high quality water
maintained in the Morris Fuel basins. The proposed Technical Specifications provide a
stricter set of parameters for basin water chemistry control, and are best suited for
maintaining an inert storage environment for the stored material and the basin
components.

References

1. “Justification for Assuming Equivalency Between Conductivity and pH.” L. L. Denio
February 16, 1996.

2. Wu, Yung Chi and Berezansky, Paula A. Low Electrolytic Conductivity Standards.”
Journal of Research of the National Institute of Standards and Technology 100
(1995): 521-27

3. “Culligan Bulletin CI-9443, Deionized Water — Its Quality & pH.” Lee, Young P.E.
December 21, 1994.



GE Nuclear Energy

Christopher A. Roche Morris Operation

Radiation & Operations Safety Officer General Electric Company
7555 East Collins Road
Morris, IL 60450
815/942-5590 Ext 74

4. “Culligan Bulletin CI-9506, Deionized Water — Its Quality & pH: part I.” Lee, Young
P.E. February 15, 1995.

5. Moore, Walter J. PHYSICAL CHEMISTRY. 3" ed. New Jersey: Prentice Hall, 1962.

6. Weast, Robert C. Ph.D. CRC Handbook of Chemistry and Physics. 54" ed.
Cleveland, Ohio: CRC Press, 1973.

7. Sundberg, Lynn L. <lynn.sundberg@gene.GE.com> “pH Conductivity Domain.” 29
Jun. 2004. Personal e-mail. (7 Jul. 2004).

Submitted by:

Christopher A. Roche
Radiation and Operations Safety Officer



February 16, 1996

To : Morris Operation Safety Committee
From : L.L. Denio

Subject: Justification for Assuming Equivalency Between Conductivity and pH

Ref: 1. Facility License SNM-2500, Section 4.8.1

2. Letter from R.A. Morgan to Safety Committee dated February 8, 1996

3. Culligan Bulletin, File CI-9443, "Dejonized Water-It’s Quality and PH"
4. Culligan Bulletin, DI-111, "High Quality Water-PH and Specific
Resistance"

5. Ultrapure Water, July/August 1989

6. "Instrumental Methods of Analysis", Willard, Merritt and Dean, May 1967
PURPOSE

The purpose of this report is to demonstrate equivalency between conductivity
measurement and pH measurement as an assessment of excess acidity or alkalinity
in the GEMO fuel storage basin water.

Background

SNM-2500 license condition 4.8.1 requires that pH of the fuel basin water must be
maintained between 4.5 and 9.0. The basis is that basin water chemical
characteristics are chosen to maintain a benign environment for stored fuel and
equipment in basin water. This specification was written circa 1975 when the fuel
storage basins contained about 100 ppm dissolved solids as sodium nitrate. This
concentration of chemical ionic activity provided a suitable medium conducive to
accurate measurement of pH. Circa 1976, GEMO conducted a massive campaign to
improve the quality of the basin water. This was accomplished with basin filter
resin changes each week. The sodium nitrate and eventually, sodium chloride
concentrations were reduced by 1977 to less than 0.1 ppm effecting a conductivity
of about one umho/cm - about the purity of thrice distilled water. About this
time, GEMO witnessed a new phenomenon - the basin water pH evinced CO

equilibrium with a pH of about 5.5. Susequently, GEMO has been content Hitﬁ
compliance with this pH since the required range was 4.5 to 9 which allowed
adequate variance - usually. That is, since pH is a measurement of hydrogen ion
activity, the error variance becomes a probability study since there are fewer
hydrogen ions around to measure in very pure water. Therefore, the + error
bracket associated with pH estimates increased after about 1978 or 1979. Also,
since basin water evaporative losses are compensated using demineralized water
produced on site, pH was affected with each re-filling of the basin. On at least
four occasions during the period from 1980 to 1990, the pH exceeded the lower
limit of 4.5 (= 4.3). This occurrence was traced to inadequate performance by the
cation resin bed of the demineralizer system. Water introduced to the basin was
found to contain trace cations such that the make-up water was slightly alkaline.
This actually improved basin water pH since in CO, equilibrium it was slightly
acidic. However, when the cations reached th% basin filter, they were
subsequently exchanged for H' ions which of course lowered the basin water pH as
the basin filter and basin water came to equilibrium. The consequence was, on
occasion, an offending pH. This situation was resolved by installing a resin
polisher to compensate for any demineralizer unit deficiencies.



72.48 Basin pH
Page 2 of 7

Recent Event

During the week February 12, 1996, the pH once again dipped to 4.3. The
explanation this time relates to ion mobility as effected by temperature.
Temperature tends to be inverse1y proportional to pH since the equivalent
conductance of hydrogen ions is significantly greater than the anion counterparts
(factor = 4.5). Due to inclement cold weather and fear of freezing the basin
coolers, the basin temperature was allowed to increase to about 40 C. The pH was
observed to decrease proportionally.

Resolution

It can be demonstrated that a pH less than about 5.6 or greater than about 8.5 is
impossible given a conductivity of 1 umho/cm. For example, given that basin water
is acidic and the associated anion is C1 , then we can calculate the pH of a

basin water solution with a conductivity of one umho/cm:

1/R = 1/(1000)(2)[(C,)(8,) + (Ccq)(2gy)]

where: 1/R = Conductivity
B = Cell constant = 1.0/cm
C, = Normal concentration of hydrogen ion

Equivalent conductance of hydrogen ion = 350

L=
]

H

Cl
then, given EH = EE1 and 1/R = one gmho/cm,

1x1073 = €, (350+76)

$

]

Equivalent conductance of chloride ion = 76

EH = 2.3x1ﬂ'5 normal or molar

pH = -log 2.3x10°0

= 5.6
Interestingly, pH 5.6 is close to CUE equilibrium.
Again, assuming the conductivity = one umho/cm, then a pH = 4.3 is impossible.
The next step is to derive a conductivity range that will bracket the license
required range of 4.5 to 9.0. The limiting condition is to assure the pH is not

greater than 9.0 which is two units from neutrality of 7.0. Therefore, we must
derive a conductivity that brackets the pH range of 5.0 to 9.0.
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Then, 1000/R = [(1x107°)(350) + (1x107°)(76)]
1/R = 4.3 pmho/cm (@ pH = 5.0)
And 1000/R = [(1:1&'51{501 + {1110'5]{19311
1/R = 2.5 pmho/cm (@ py = 9.0)
Historical experience with basin water indicates that basin pH is acidic
consistent with CO, equilibrium; however, accepting a conductivity limit of 2.5

umho/cm is conservdtive. Any conductivity less than 2.5umho/cm would indicate
that the pH must be in the range of 4.5 to 9.0.

Evaluation of this proposed activity for compliance to license conditions and
10CFR72 requirements follows:

Lﬂ.ﬂmﬂmﬁi i
1.2.1 Quality Assurance

QA considerations include assuring that the accuracy of the conductivity
measurement is consistent with acceptable analytical norms. Analytical Services

supports a viable method control program.

1.2.2 Fuel Transfer Capal Closure

This license condition is not applicable to the proposed activity.
2.1.1 (a) and (b) Fuel Specifications

This condition specifically addresses spent fuel parameters and, therefore, is
not relevant to the proposed activity.

L 'I n ] L

This condition is not applicable.

. i n m

This condition is not applicable.
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1 5§t rovisi

The proposed activity does not effect fuel in storage nor shall any proposed
activity be performed within close proximity of the fuel in storage.

2.3 Ventilation Exhaust Vacuum

This condition is not applicable.

3.1 Water Shield

The depth of water covering fuel in storage will be unaffected.

3.2 Criticality
" Not applicable.
4.1 Effluent Air
Not applicable.

4.2 Holding Basi

This license condition will not be affected.

4.3 Sealed Sources
The proposed activity will not impact on how GEMO tests sealed sources.

4.4 Instrumentation
Instrumentation addressed by this condition includes the following:

Basin Leak Detection System

LAW Vault Leak Detection System

LAW Vault Intrusion System

Cladding VYault Leak Detection System
Area Radiation Monitors

Criticality Monitors

L= = = = s I

None of the above shall be affected by this change.
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4.5 Coolers

Basin coolers are not applicable to the proposed activity.

4.6 Process Steam Bypass

This condition is not applicable.

4.7 Cask Coolant

The condition of cask coolant is not germane to the proposed activity.

4.8 Basin Water Chemical Cl isti
This license condition is directly applicable. Refer to initial discussion in
this report.

4.9 Basin Water Radioactive Contami

No mechanism is known that would adversely effect basin water radiochemistry from
conducting the proposed activity.

5.0 Design Features

These license conditions address fuel storage basin and associated equipment
structure and capability to contain spent nuclear fuel. This section is not

applicable to the proposed activity.

Teo= ve R ibil]

This license condition indicated that the Manager, Morris Operation maintains
overall facility operation responsibility. Personnel not permanently assigned to
the Morris Operation who perform duties associated with the proposed activity
shall be subject to the Manager, Morris Operation for matters of employee and
public safety, all license conditions and any other regulatory requirements such
as, but not limited to, OSHA and EPA requirements.

s 2 Admini E ==

For the purposes of compliance to these license conditions, no changes in
organization are contemplated.
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6.3 Plans and Procedures

For the purpose of administratively controlling the proposed activity, we
recognize that at least an equal level of procedural control must be exercised in
order to assure the proposed activity is performed in a safe manner well within
the confines of current regulatory requirements. Procedures shall be written and
approved at the appropriate level of authority prior to commencement with the

proposed activity.

5.4 Revi | Audit

The Plant Safety Committee shall continue to control activities at the Morris
Operation, including proposed activities. Members of outside groups may be
invited to present information to the Safety Committee membership.

5.5 Action Required for Specification N 14

The proposed activity shall continue to be controlled as a license surveillance
condition.

6.6 Logs, Records and Reports

Logs, records and reports shall continue to be maintained.

8.1 Environmental Monitoring Program

No changes to the GEMO environmental monitoring program are deemed necessary as a
result of conducting the proposed activity.

Appendix C

Safeguards and Security shall not be compromised as a result of conducting the
proposed activity. No increase in the number of personnel authorized to enter the

Protected Area is anticipated.
Fi ial Assur

No adverse impact on General Electric’s commitment for decommissioning is
recognized.
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10CFR72.32 Emergency Plan

No new Emergency Plan accident scenario is identified. Proposed activities
conducted after hours may require increased staffing and/or increased training in
order to compensate for potential greater incidence and/or increased magnitude of

accidents.

Conclusion

The change in methodology for measuring pH is well within the scope and spirit of
requirements promulgated in 10CFR72.48.



TO: Safety Committee
FROM: R. A. Morgan

DATE: February 8, 1996
SUBJECT: pH and Conductivity Measurements of Fuel Basin Water

The apparent pH of the basin water has been declining in recent weeks to its present
reading of 4.4, while the conductivity has remained around 1.0 pmhos/cm. L. L. Denio
and | have done calculations to determine what the conductivity should be, based on
pH, assuming the cation is hydrogen ion and the anion is either nitrate ion or carbonate
ion. For water of pH 4.4, the conductivity should be 16.8 pmhos/cm, and if the pH is
4.5, the conductivity should be 13.2 umhos/cm. If the water has a conductivity reading
of 1.0 pmhos/cm as the basin does, the pH should be 5.6.

| talked to “Frank” at Yellow Springs Instrument Co., which manufactures conductivity
equipment, and he said water at conductivity of 1.0 pmhos/cm was essentially pure
water. Ultrapure water measures 18 megaohms resistance or 0.056 umhos/cm in a
closed system, but by the time you can measure the conductivity in an open system,
the water will be about 1 pmhos/cm due to absorption of carbonate ion.

We have an ultrapure system, so | tested the theory. |took a sample of the ultrapure
water with minimum air contact and measured the conductivity at 0.3 umhos/cm. (The
system was 0.056 pmhos/cm, internally.) After aerating the sample, the conductivity
measured 0.9 pmhos/cm. The pH stabilized at 4.7, dropping from pH 6.5 during
measurement.

Since it is nearly impossible to get an accurate pH measurement of ultrapure water
such as the fuel basin, reason would dictate using conductivity as the determining
factor for purity of the fuel basin water. The pH measurement can still be done, but
conductivity should be the criteria for acceptance. A maximum measurement for
conductivity could be established at something less than what water at pH 4.5 would

exhibit (<13.2 pmhos/cm).

RAM:tit
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from time to time during the stirrng process by
lapping the container on the workbench. Al
saturation, the soil paste glistens as 1 reflects
fight, flows slightly when the container is tipped,
and slides freety and cleanly off the spatuls for
all 50fls but those with a high clay coment. After
mixing, the sample should be allowed 1o stand
for an hour or more, at which time the criterta
for saturation should be rechecked. Free walsr
should not collect on the soil surface nor should
the paste stiffen markecly or lose Its glistening
appearance on standing, If the paste does stiff-
en or lose fts gligten, remix with more water. if
the paste is o0 wet, additional dry soil may be
added,

Becausa soils puddie most readily when worked
a1 moisture contents near field capacity, suffi-
cient water should be added immediately 1o
bring the sample nearly 1o saturation,

* Inger the electrodes into the paste and raisa
end lower repeatedly until & reproducible pH
reading is cbiained,

All threa of the above methods give repeatable
results but each method will give a siightly difterent
value for the same sample. Because of this difference,
the method used should be described when reporting
soil pH values.

How fo Measure pH in High Purity Water

There are many samples of high purity water in
which it is extremely difficult 10 accurately measurs
the hydrogen lon activity. Examples are: acid rains,
boiler teacwater, condensate sireams, deionized
water, eic. This is also true for other solutions having
a conductivity of less than 20 micromhos. The cause
of difficulty is low conductivity, reference fiquid junc-
lion error, and actual pH drift resulting from CO, ab-
sorplion, The fellowing is a list of precautions that
minimize this nstability problem:

* Rinse the electrodes thoroughly before immers-
Ing in this urbuffered type of sampie (high purity
water).

* Aweid influence on measurement by abeorplion
of CO, by taking a reading soon atter placing
the elecirodes deep in the sample or blanket the
sample solution with nitragen purge or cover
the comainer with a stopper (drill holes for
elacirodes),

* Use a reference electrode (calomel internal
preferred) that provides minimal junction poten-
Tial. I this type of sample is frequently
measured, a diluted refarence filling solution
{0.1M KCI) may be used to provide greater
stability and compatibility than the salurated fik
ing solution. This Is useful only with an electrode
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dedicated for this measurement In samples at
ambient lemperature of by interposing a sait
bridge between the reference and sampile.

The sleeve junclicon reference is an slecirods
with & low resistance, fastHlowing junction
which should provide minimal junction potential
in this type of sample,

* Make measurements In a slainless sleel baaker,
The walls of the beaker provide a short path 1o
ground for any stray charges. Connect the sam-
ple to the solution ground terminal, If you are
measuring pH in a metal beaker, connect the
conductive wire 1o the beaker rather than the

sampla.

How to Measure High or Low
Tempersture Semples
* The giass electrode has a high resistance at low

lernperatures. In fact, its resistance doubles for
approximalely every 7°C drop in lemperature.
Therefore, at low temperatures, a low resisiance
pH glass slectrode (with a standard, % inch
diameter body) is recommended 1o provide
greater stabiiity.

* For high temperature pH measurements, the
siiver-gitver chioride reference slectrods is
preferred for its stabllity. (A calomel reference
Ihgmmm:immm
B5°C)

« For greatest accuracy, the temperature of the
standard bufters should be the same as the
sample measurement temperature.

* Remémber, pH measuramants made at one
tamperature cannol be extrapolated to other
termparatures unless experiments are done to
provide correlation data. See pH Measurement
Technique Section.

Techniques for Measuring Nonagueous
Mixed Solvents and Organic Acid Samples
Nonaqueous pH measurements and titrations are
requently desirable or required because of the in-
craased , improved selectivity, or greater
solubility achisved with nonaqueous solvents. A far
greater number of acids and bases can be determined
in the nonaqueous solvants than in aqueous media
because of the many organic acids and bases that re-

quire organic solvents.
Nonaguecus titrations are commonly used In well.
established standard methods such as:
ASTM =—
Daad Wearizaton Number
- Saponification Number
Toted Base Number of Petroleum Products

There are several problerms measuring pH In mixed
solvents. The following briefly explaing the concept of
PH In nonagueous solvents and will provide pro-
cedures and techniques for simpler measurement,

10/10°d 800'ON OE:ET 56,80 fiey L188-842-PT2:731 14044NS d0dd NHWAI3E
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FILE NO. e

s : December 21, 1994 - :
AT DEIONIZED WATER - ITS QUALITY & pH

"My customer is complaining about the pH of DI water. What's wrong with my DI unit?”,
Many of you called us recently with this question.

Chmmmumﬂﬂngisumgudthmmnnymmuhnguﬂje&ua]iiyixﬁrithinthe

PH is the indication of degree of acidity or alkalinity of water. The pH value does not indicate

the absolute-quantity, but the intensity, Thcﬁgnﬁmuxufpﬂvﬂueufh}ghpuﬁtyddunimd

water is questionable because of the following reasons:

* Wpﬂmﬁmmﬂyuﬂfmpﬂmtﬁmmmmﬂﬁg
bmmm:mnplegdsinmnuﬂhithlirmnbmmdimﬁde. This results in

a pH reading of substantially lower than the actual value, For example, 2 ppm of carbon
dinxideinpurewnuwﬂlmndrin:panS.d. The amount of carbon dioxide that

dimlminﬂw:ampledmdsmﬂwammﬁmﬁthﬂwair.
. b&cpﬂmmummofmemhmmmmﬁmmemm

reading caused by carbon dioxide, However, it has its own source of error. The pH
electrode is calibrated against a reference buffer and ddunizndmtn-doesmhnumy

buffering ions. Therefore, the reading can be erroneous.

As a rule of thumb, the quality and pH of deionized water from various deionizer systems are
as follows: =

. Two-bed system with weak base enion unit: 30,000 - 100,000 ohm-cm: pH 5-8
= Two-bed system with strong base anion unit: 50,000 - 2,000,000 chm-cm; pH 6-9

. Mixed bed system: 1- 18 megohm-cm; pH 6.5-7.5

CONFIDENTIAL: For yse ONly in connection with the Culigan System, May nol be reproduced withou CRTTISIOnN
11994 Culigmn Inlemalional Company
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U NPAGE 2 FILENO.  cI-9443
-""'_:SUBJE_CT' DEIONIZED WATER - ITS QUALITY & pH

:. The following quality and pH combinations ¢z
L 10 megohm-cm & pH of less than 6 or greater than 8
. Imegohm—cm&pHofImﬂuniormﬂ:mQ
-® 100,000 ohm-cm & pH of less thmdurgrmmrth_an_l_u

mm:h: us know if we can be of further assistance to you on this subject or -

' , Standard RO & DI

YHL\lp



FAGE . 224

=4 rgfrs  am RtA
o .- ;."_ ‘.."_. _.:. L 6, g 1 e %, -H.':- = i -.. = _.‘_:.i.' _.,-_ = _::-. -: o ..:-l .,-.\-_, o = .. Li ...
r

FILENO. o

DATE - copruary 15, 1995
SUBJECT  pEjoNIZED WATER - ITS QUALITY & pH: PART #i

" Thank you for your interest and feedback on the first bulletin on the subject (Ci-

- 9443 dated 12/21/94). For some of you who might have rhissed the first bulletin,

. . its.:mesSage was: .

. ~The significance of pH value of high purity delonizi water Is questionable
. because...". : :

The:Bulletin (CI-9443) also gave a renge of quality and pH of delonized water from
~various deionizer systems. It also offered the quality and pH combinations that

cannot possibly be correct for deionized water.

= The purpose of this Bulletin is to answer some of your questions on the first
Bulletin with more detailed information. :

Q.  As your Bulletin indicates, the pH of deionized water from a two-bed system
with weak base anion unit runs higher than 7, sometimes as high as over 8
in the beginning of the cycle. How can this be?

A, Weak base anion resins are weakly ionized, snd do not remove weak acids
such as carbon dioxide(or bicarbonate) or silica. The weak base anion unit
effluent, therefore, contains carbon dioxide, resulting in acidic pH (<7).
However, most weak base anion resins contain 5-15% Type | strong base
sites which remove carbon dioxide in the beginning of each service cycle, -
resulting in a basic pH (higher than 7). Duration of basic pH condition and
actual pH level depend on many factors including the raw water chemistry,
sodium leakage from the cation unit and the type of weak base anion resin.
Resin manufacturers’ testing data and field data from some of you Indicate
that this high pH (>7) condition may last up to 20% of the cycle.

e e e L I L o e e i e i e e e e i

CONFIDENTIAL: For use only in connection with the Culligan Sysiem. May net be reproduced without permission
S90S Cullgan Imtemationsl Company
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PAGE 2 FILENO. (1-9506
SUBJECT  DEIONIZED WATER - ITS QUALITY & pH: "PART II .

Q.

Are there ways to avoid a basic pH (higher than 7) condition with a weak
base anion unit if my customer’s process requires pH conditions below 77

Yes. The strong base sites on the weak base anion resin can be converted
to chloride by feeding a small amount of brine. At the end of caustic
regeneration, feed 5% brine solution diluted with decationized or soft water
at a dosage of 0.5 - | Ib. of NaCl for each ft.? of weak base anion rasin.

Does the amount of strong base sites on the weak base anion resin refiect

the quality of the resin?

Not necessarily. Strong base sites on the weak base anion resin are part of

raw material. They even offer some advantages; less swelling, faster
reaction and faster rinse. '

If the pH of deionized water seems reasonable, can | assume that the quality
is all right?
No. The pH readings of deionized water should never be used as an

indication of its quality because accurate measurement of pH in high quality
water Is very difficult. The reasons for this are discussed in the previous

Bulletin (C1-9443). The pH data however, can be useful in troubleshooting

the DI system because the possible causes can be narrowed down if both
the quality and pH data are known. For example, in a two-bed DI system
with strong base anion unit, 8 combination of poor quality and high pH (>9)
condition is commonly caused by high cation leakage, poor rinse or caustic

hideout.

Although it is difficult to accurately measure the pH of high quality water,
some processes require pH monitoring. What type of instrument and
precautions should be considered?

As a minimum, continuous monitoring with an on-line pH monitor is
recommended. A variety of continuous pH monitors is available. They all
use a glass electrode and reference electrode with some form of temperature
compensation, usually a temperature sensitive resistance element immersed
in the water sample with the electrodes. Some important parameters 10
consider in selecting and using an on-line pH monitor include:
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_~SUBJECT  DEIONIZED WATER - ITS QUALITY & pH: PART II

. Use of grounded conductive flow chambers to protect against noise
pickup and static charges at the electrode.

. A low and constant sample flow rate (100 mil/min.)
L] Discharging of samples to atmospheric pressure.
L Regular scheduled calibration

————

" Q. . If my customer takes all these precautions to measure pH, is It reasonable to
.7 - _offer a guarantee on the pH level from my DI system?

A. ' No. We do not recommend offering any guarantee on the pH Imrnl from a DI

~system because too many factors affect the pH of high quality water. The
resistivity and pH ranges of deionized water discussed in the previous

Bulletin should be used only as general guidelines. -

Please call me at (708) 205-5707 if you need more information on this subject.

Young Lee, P.E.

Product Manager
RO & DI - Standard Products

Commarcial/Industrial Systems

YHL\Ip
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nowledge of chemistry to estimate if
any significant amount of the KMnO, was consumed by Fe" and Mn*.
Alsco, if tannins are reported, or if there is a clear yellow color
with Fe, there may be organic iron corsumed by the KMnO,.

Then use your own Zudgement and k

COD reported by other labcratories may be determined by an entirely
different process, such as a hot dichromate titration. This
procedure yields much different answers than the EMnQ, method, but is

elso call COD,

TOTAL ORGANIC CARBON (TOC), will be reported on Culligan Water
Analysis reports as soon as the new egquipment can be made
operational. This should be in the near Ffuture. The equipment
determines total ocarbon from all scurces. These socurces include:
carben in non-ionized organic compounds like alcohol, ethylene
glycol, acetone, etc.; carbon in ienized organic compounds like
tannins, humic acid, acetic acid, etec.; and carbon from inorganic
sources like carbonate, bicarbonate, carbonic acid, etc. Such a
determination would be called T.C. for total carbon. Normally this
test is not made because procedures are used that eliminate inorganic
carbon. By acidifying the sample, the CO, and HCO, ions are converted
to H,CO, which is "swept" from the system (as CO,) before carbon is
measured. Thus only organic carbon is left and TOC is reported. The
difference between TC and TOC would obviously be inorganic ecarbon.
The TOC value can be quite different from COD because it measures all
the organic carbon, not just those things which are oxidized by
KMnO,. It will be necessary to learn a new set of values to relate to
the organic fouling of anion resins. As this is being written it is

not known what these values will pe.

———" PE by definition is the logarithm of the reciprocal of the H-ion
2 It is also a number between 0 and 14 indicating the

concentration.
degree of acidity or alkalinity. The pH scale can be compared to the

temperature scale beczuse they both measur-e intersity, not guanti:y.
Mid-point of the pH scale is 7 and a solution with this pi# is
neutral,. Numbers below 7 derote acidity; those above denote
alkalinity, Since pH is a logarithmic function, solutions having a
PH of 6.0, 5.0, and 4.0 are 10, 100, and 1,000 times more acidic than
one with a pH of 7.0. Mineral acids exist only at a pH of 4 and
below. Hydroxide alkalinity exists only at a pH of 10 and above.
Maximum limit for pH is 6.5 tc B.5 for poteble water. -

Some people assume that a cornstant relationship exists between the pH
of any solution and the amount of Teagent which must be added to
change the pH to a specified target. This, however, IS5 NOT true.
For example, 100 gallons of distilled water can be changed from pH 7
to pE 8 with only 3 drops of 10% NaCR solution. But if the water
contains 1% sodium carbonate 4t pk !, 3 guarts of the =ame caust:ie

solution are needed.

24
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The measurement of pH of high purity water (in the multimegohm range)
is wvery difficult at best and nearly impossible. The following
quotation by Dr., Robert Kunin of Rohm & Haas was taken from Amber-Hi-

Lites, No. 138, Jan. 1974.

"It is of importance to note that whereas the term pH is normally
considered as a measure of the hydrogen ion concentration, its
significance when applied to deicnized water is most complicated.
First, the measurement of the pH of wverv pure water is a most
difficult measurement in view of the many problems with the electrode
assembly in pure water. Second, it must be noted that the modern
concept of the pH measurement, particularly as applied to unbuffered
systems, makes it difficult to relate the measurement to the actual
concentration of the hydrogen ions in the water. Third, although the
term pH is related to hydrogen ion concentration by the equation

pH = -log (H+)

the analytical measurement of pH can only be related to the hydrogen
ion concentration by a most complicated system of calibrated
reference electrodes and reference buffers, a system that decreases

the significance of the interpretation of the measurement. As a
result of these complications, the term pH loses much of its
when applied to high gquality deionized water. To

significance
distinguish, for example, between pH 6.8 and 7.3 of the high gquality

deionized effluent of a MONOBED system having a resistivity of 18
million ohm-cm is foolhardy. Any sig-
nificance to the second decimal place
or too much sigrificance to the Ffirst
decimal place of pHE measurements of
deionized water is without any
basis.™

H . —

Lt

In that same article there appeared 7
Figure 2, a “tent like" graph which f
gives calculated limits of pH for HC1
and NaOH wversus specilific resistance.
It is a far Dbetter tool for
predicting the pH of very high purity
water. Any reported pH at a specific
resistance that falls outside the
"curves" cannot possibly be correct,
and the pHE measurement is usually w
suspect. Feor example, a reported p#H
of 5 at a specific resistance of
10,000,000 cannot possibly be
correct. = Ll | . ] , : !
Another way to get an indication of IEHQJ o iaC,
PH in multimegohm guality
water is to add a "pinch" of Aecistance of waler due 1o races of
HCI and NaOH (25°C)

Resislance, shm.em

|

~1
L

L]

[
i
-
S
Ll

Figure 2

25
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Technical Applications Bulletin

REFERENCE
DI-111 INFORMATION Water Cualitv

HIGH QUALITY WATER = pH AND SPECIFIC RESISTANCE

The past few years have seen a rapid growth in the use of extremely high
quality water in various manufacturing processes. Culligan is a leader
in the development of hardware and technology to meet this growing need.
One of the problems encountered concerns our ability to comprehend just =y
what "Ultra Pure' water is: how it behaves, how its quality can be '

measured (and how accurately).

First, let us briefly examine the preparation of water of various levels
of purity. Table I lists several purification techniques and the typical .
water qualities obtained through these techniques.

Table 1

Specific Resistance
Method of Production OHM-CM @ 25°C*
Theoretical Maximum ; 18,240,000
after 28 Distillations in Quartz 16,000,000
"Jltra-Pure" Water 12,000,000
Mixed-Bed Deionization 700,000 - 14,000,000
After 3 Distillations in Quartz 1,400,000
After 3 Distillations in Glass 700,000
Two-Bed Strong Base Deionizacion 17,500 - 350,000
Single Distillation in Glass 35,000 - 350,000
Tap Water (300 ppm TDS as CaC04q) 1,200

*Formerly, the reference temperature used was 18°C. This resulted in a
theoretical maximum of 76,000,000 ohms-cm. The accepted reference
temperature is now g54c.

Specific Resistance

Because it is extremely difficult to obtain accurate analytical (ppm or ng/l)
values for electrolytes (dissolved solids) in high quality water, a more
convenient method of expressing the quality of pure water is desirable.

a67/11-72




The units of expressing electrical resistance ("ohm'") and electrical
conductance ("oho"*) are used. A mho, however, is a rather large unic,
much akin to measuring the length of your arm in terms of miles, so a
fraction of a mho, the "micromho" is used as the base measure for
conductance. A micromho is one-millionth of a mho. Conversion of ohms
to micromhos or micromhos to ohms, can be accomplished by the use of the

following formulas:

Micromhos = llﬂﬂﬂ!ﬂﬂﬂ Ohms = 1,000,000
Ohms Micromhos

Specific resistance is mostC commonly used to express high water quality
and is written as "ohms-cm', usually at 259C, unless otherwise specified.
This means that if we have 500,000 ohm water, the electrical resistance
of the water between two electrodes spaced one centimeter apart is
500,000 ohms when the water is at a temperature of 25°C.

Effect of Temperature on Specific Resistance

The measurement of specific
resistance, or conductance,
depends on the ability of

electrons to flow through a

particular medium: in this M

case, water. The primary =

determining factor is, of gt

course, the quantity of gg v ?E
ionized material in the gE ‘«y " 2
water. Graph I illustrates gg \“h Eé
this, but for a given amount : o

of dissovled solids in the N
water, a change in tempera- =
ture will result in a change TNCREASING TDS

in specific resistance. In

other words, electrons move

more easily in warm water

(lower resistance, higher GRAPH I
conductance) and with more

difficulty in cold water

(higher resistance, lower
conductance). Table Il illustrates this effect. Note how the specific

resistance of absolutely pure water changes with temperatures. Hemember
that we normally express specific resistance at a standard temperature:

259C (77°F).

#*The units of resistance and conductance are reciprocals, or "opposites”,
therefore MHO (pronounced "moe") is simply ohm, spelled backwards. A
relatively new term for conductance is gaining acceptance - siemens.

This Is the metric equivalent to "mhos".



Table 11

Specific
Temperature °C Resistance
ohm-cm @ 25°C
0 86,000,000
10 43,300,000
(18) (26,000,000)
20 23,900,000
25 18,240,000
i0 14,000,000
40 8,800,000
50 5,800,000
60 4,000,000
70 2,900,000
80 2,100,000
20 1,700,000
100 1,300,000

NOTE: The specific resistance of water is never infinite because water will
dissociate into H+ and OH- ions under normal conditionms.

All Culligan water quality instruments, except the Quality Indicater
Lights, have circuits which automatically convert the actual specific
resistance of the water to what it would be if the water were at a
temperature of 25°C.

Effect of Different Electrolytes on Specific Resistance

In order for water to carry
any significant amount of
electric current, the sub-
stances dissolved in 1t
must be able to break downm,

or dissociate, into ions. : 20 0.3 - - o =

Sodium chloride (NaCl), for % ﬁ / / d

example, when dissolved in ® 0 0% pd pd x

water dissociates into E o) & R

sodium and chloride ions 3 &3 A../ 2

{NA + and Cl-). At a spec-— g d.a ::: E;—-?/ P = " T

ified concentration, and a u 3.0 i //ff _§> :.

specified temperature, EE oY E';?f/; ‘; IF .
. 0.2 3.0

sodium chloride in solution & f/ff //ff |

will conduct or resist the s

flow of electric current to "'f e o

a constant value. This o e -a P =—==9

holds true for all ioniz- : PARTS PER MILLION

able compounds. The only

difference is that the

value will be different for

each compound. Graph II - GRAPH I1
illustrates this facct.



High Quality Water and pH

pH is an expression of acidiry or basicity (alkalinity) on a scale from
1 to 14, with 7 being neutral. The lower the pH, the more acidic the
water is. Conversely, the higher the pH, the more basic the water is.

Absolutely pure water has a pH of 7.
The pH of high quality water is determined by two factors:

1. The acidity or basicity of the contaminant, or dissolved ions,
and...

2. The amount of contaminant present (tiny amounts can cause wide
variations).

THECRETICAL LIMITIRG pH VALUES FCR
TRACES CF HCl AND NaCH IN PURE WATER

20.0
10.24 |- - -~ 3828l E!'IK".'.'.'E‘E .....
10.0 0,08
8.0 :}' 0.06
-
Graph III illlustrates the range 6.0 i;\ 0.08
of pH that can be encountered in . :'/’\
high purity water based on these g 4.0 4 B.13
two factors. P
tors * Z :f;{ ==
With a few exceptions, an ioniz- g ;a;
able impurity in water has the 2.0 ,/ 0.25
ability to affect pH. Therefore, ] ,(;
the greater the quantity of § ;V/}
impurity, the greater effect it g = .z(; ==
can have on pH. 3 = 727 s
$ oo '294;f! 0.60
It is generally considered the 2 0.6 ] ff#f o.80
pH of the effluent from a mixed- Y ]
bed deionizer will be around 7.0. g, = “ LS
This normally is true, but from
thé graph it can be seen that
even 6 million ohm water can have
a pH that ranges from pH 6.5 to 0.2 g 7.5
7.5. The actual pH within that %
range will depend, of course, -:
upon what the impurity is. A
0.1 G 5.0
4 6 8 1o

Daionized Water pH

GRAPH III

Parts Por Milllon us CaCiy
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Effect of Carbon Dioxide on Water Quality and pH

Water of the highest quality, if permitted to stand exposed to atmosphere,
will dissolve Cﬂz from the air. Because CO~ in solution forms weak
carbonic acid, it will affect both specific resistance {and conductance)
and pH.

If allowed to stand for a sufficient time, the specific resistance of
high puricy water will eventually fall to around 500,000 ohms. This
assumes that no other airborne impurities are introduced. This is the
point at which the CO, dissolved in the water is in equilibrium with the

€O, in the air.

Simultaneously, the pH will decline because of the acidic nature of Cﬂz
in solution.

In two-bed strong base systems the carbenic acid generated in the cation
tank is removed by the anion tank. Sodium leakage from the cation tank
combines with hydroxide (OH) ion in the anion tank to form a weak caustic
solution. Thus, the deionized water pH from strong base systems will

have a pH greater than 7.

In the weak base systems carbonic acid in not removed and therefore is
present in the deionized water. Sodium leakage from the cation column
combines with chloride in the anion column to form a weak solution of
sodium chloride which has no affect on pH but will affect quality. As a
result, the carbonic acid (COy) in the deionized water gives the water a
pH less than 7. However, much of the CO, gasses off upon exposure to
atmosphere and the pH tends to elevate toward 7. In addition, as the
CO; leaves solution the specific resistance will increase.

N
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INSTRUMENTATION

CONTINUOUS pH MEASUREMENT IN HIGH PURITY WATER

nsuccessful al-
tempts at pH
measuremenl in
high purity water have left some with the
sense that il cannol be done. The high
resistivity of pure water, the vulnerability
lo contamination, the variability of reler-
ence electrodes, and additional tem-
perature effects converge lomake thisa
particularly difficult measurement.
Owvercoming these obstacles requires a
thorough understanding of the prob-
lems and their systematic solution.
Described here are practical develop-
ments in instrument and electrode de-
sign, installation, calibration, and opera-
tion that have proven successiul. As a
result, the confidence in pure waler pH
readings has been justifiably improved.

A reasonable question to ask at lhe
onsetis: Why measure pH of high purity
water inthe firsi place? A good case can
be made that in pure water it is unneces-
sary 1o monitor pH since a conductivily
or resislivity measuremenl is simpler
and assures high purity, For example, if

the conduclivily is less than 0.0G micro-
siemensicm (resislivily grealer than 17
megohm-cm) then the pH must be be-
tween 6.9 and 7.2—1he exiremas pos-
sible with strong acid and base conlami-
nanls, respeclively. This pH-versus-
conduclivily relationship has been
documenled in graphic form lor sirongly
jonized acids and bases (1) and lor
weakly ionized carbon dioxide and
ammaonia lypical ol power plant
samples (2).

fwaler reatment syslems always pro-
duced pure water, there would be no
need for pH measurement. However,
conductivity and resistivity are nonspe-
cific: They cannol distinguish among
acids, bases, and salls. Thus when

waler be ure, the m
gpecific nalure ol pH provides addi-
tional_information u ing

“sources of conlamination. Applicalions
al anlicipale acidic or basic conlami-

nants often require pH maniloring as a
backup 1o the conduclivily of resistivity
measurerment.

These applications include sleam
power plants and large indusirial boilers
that treat their waler with traces of am-
monia and/or amines. This Ireatment
raises the pH to minimize comroson al
the high operating lemperalures and

pressures.  Specilications lor Ihese
Expensive Componenls require pld con-
rol within definite limils, relerenced 1o
25" C. Pharmaceutical indusiry waler
specilicalions also require Ihe pH o
Purilied Waler and Waler For Imjectionlo
be belween 5 and 7 al 25" C. A lurther
use of pH is in diagnosing delonizalion
syslem problems.

Contamination and Sampling
One ol the lirst diflicullies in making a
pure water measuremenl Is preserving
the inlegrity of the sample. Waler has
well earned ils reputation as the univer-
sal solvent. It will dissolve traces ol
conlaminanis from sample lines, llow
chambers, containers, and even the
almosphere. MNew or unused sample
lines must be rinsed a surprisingly long
period of lime before represeniative
measurements can be gblained ==
A constant threat of contamination
comes rom carbon dioxide i the air,
Although air contains only 0.03% CO,,
pure waler in equilibrium (saturated)
wilh air absorbs enough 1o yield a pH of
appraximately 5.6. Carbon dioxide ion-
izes in waler 1o form a weak solution of
carbonic acid. This can be seenin acid
rain slatistics where normal rain is con-
siddered lo have a pH of 5.6, and pollu-

Figure 1. Portable high purity pH analyzer with elecirode flow
chamber
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Figure 2. i elecirode schomalic
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Figure 5. pH elecirode signal and ils lemperalure deperidence.

iion by addiional acids is measured as
pH dewvialion below this value

Thus a pure waler sample cannol be
heldin a container wilh air wilhou! allect-
ing the measuremeant. An appreciation
lor this can be gained by walching the
pH of a freshly deionized waler sample
drop rapidly on exposure to air. If the
observer then exhales over the sample,
the increased carbon dioxide contami-
nation will lower the pH still further.

For a measuremenl on deionized wa-
ter 1o be meaningful, it should be made
on a closed, flowing sample. When
laboratory comparisons must be made,
Ihe best practice is lolake the lab instru-
menl and eleclrodes lo lhe sample
source. The sample line should go inlo
a conlainer to the botlom, lelling the
water overflow the lop. The electrode
should also be immersed deep in the
container so thal il is surrounded by
fresh sample that has not had contacl
wilh the air. Portable instruments wilh
llow chambers have been developed
lor this purpose, as shown in Figure 1.

With pH relerence electrodes (even ol
Ihe so-called solid-slate, nonllowing, or
immaobilized type), traces of polassium
chiloride are invariably diffused inlo the
sample. An evaluation of high purity pH
equipment showed thal losses of potas-
sium chloride elecirolyle into the sample
were measurable by conductivity and
were comparable for all the reference
elecirodes under test (3). Samples |
pH measurement should therefore
never be piped io a conductivity or
resislivily measuremenl downsiream
and should nol be returned directly 1o a
pure waler syslem. They should go to
drain or 1o a reclaim syslem

The flowrate of power plant samples
should be high enough thal any iron
oxide parlicles or deionizer resin fines
are swepl through the sample lines and
elecirode llow chambers. This is espe-
cially true of beiling waler reaclor
samples where particulates are com-
mon. The exchange of ionic species
wilh accumulaled parlicles in the elec-
frocie flow chambar can slow down re-
sponse signilicantly. Low volume How
chambers and small sample line diame-
lers enhance low velocily and minimize
this problem

lonization Temperature Effecis—
Solution Temperature Compensation,
pH has been defined as -log,, [H']. a
measure of hydrogen ion concentrabon

(or more: precisely, aclivity). Waler on- /

1zes 1o a grealer exlenl al higher lem-
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peralure. The widely accepled value of
a pH ol 7 for neutral waler is valid only al

25°C. wmm

hi

ure 3)b d h =
gen ion concenlralion (with a nagaliue
log funclion lower pH represents higher
hydrogen ion concenlralion.) The waler

is slill neulral because bolh the hydro-
gen and hydroxide ions increase

equallyin concentration. 5_|ggg_|;d:!.|s.lhe.

acid ures. Frgurea
also shows thal a small amounl ol
ammonia, as in power plant water treat-
menl, aclually increases lhe lempera-
lure influence slighily.

The lemperalure dependence ol pH is
ignored in mosl “dirly waler” applica-
lions because il is negligible. The dis-
solved minerals in polable and wasle
walers lypically have enough bulfer
capacily to make the pHflemperature
curve almosl horizonial, al leasl over the
ambient lemperalure range. Thus there
is no need lor compensation for this
elfect in olher applicalions and, in fact,
mosl pH instrumenlation has no provi-

“The confidence in pure
water pH readings has been
justifiably improved.”

sion lo compensale for lhis. (Conven-
lional eleclrode lemperalure compen-
salion adjusls only lor |he varying oulpul
ol elecirodes wilh lemperalure, which is
described laler.)

The need lor solution lemperalure
compensalion in high purily waler is re-
flecled in the specilications for boilers,
sleam generalors, lurbines, and pure
waler systems, which specily pH at 25
*C. Instrumenlalion intended lor high
purity waler measurement should have
lhe capability lor solution temperalure
compensalion. It can then measure al
olher lemperalures bul provide display,
alarm, and output signal of pH refer-
enced lo 25 *C. Modern power plant
sampling syslems somelimes employ
chillers lor sample temperature control
lo achieve Ihe same goal. Inslrumenia-
lion with solution temperature compen-
salion can assure conlinued accurale
operation even il the chiller system

should [ail.

During calibration, solution tempara-
lure compensalion is aulomalically dis-
abled. Adjusimenl is made lo lhe true
pH (al lemperature) ol the slandard
buller solulion, which has a dilleren|
lemperalure coellicient than thal of high
purily waler. The buller lemperalure/pH
relationship is usually given in a table of
values printed on ils conlainer.

pH Eleclrodes

pH is measured as a millivoll signal
developed al lhe surlace ol a glass elec-
lrode membrane, This signal depends
on lhe glass/solulion ionic equilibrium in
which it is immersed. It is represented
by the variable vollage ballery symbol al
lhe lip of lhe measuring eleclrode in
Figure 2. If this could be measured
independenlly, none ol the olher com-
ponents shown would be necessary. As
lor any vollage measurement, however,
two connections must be made. ForpH
measuremenl, the conneclions have
evolved into complele measuring and
reflerence electrodes. Some eleclrode
syslems combine the measuring and
relerence lunclions inlo a single combi-




shown here 1o lacililale Ihe explanalion,

One conneclion is through the glass
membrane ilsell, which may have a re-
sistance on the order of 100 megohms.
The inside of the measuwring elecirode is
filled wilh a slable pH solution 1o give a
conslant potential al the inside surlace
of the glass. Thelilling solution also con-
lains potassium chioride, which main-
lains aconslant polenlial in contact wilh
lhe inner element.

The high impedance signal is vulner-
able loloss through any resislance paih
lo ground. Dirly insulalion in moist envi-
ronments can shunl much ol the pH
elecirode signal, causing significanl er-
rors. The signal is also vulnerable 1o
elecirical noise pickup, slalic eleclric
charges, body capacitance, etc. Coax-
ial measuring eleclrode leadwire is
used lo minimize these problems. Also
lor Ihese reasons, induslrialinstallations
usually employ a preamplilier near the
electrodes lo minimize the length of high
impedance leadwire. Preamplifiers
should be encapsulaled lo seal oul
moislure and enclosed in melal to pro-
vide elecltrical shielding.

The elecirodes Ihemselves are besl
shielded by a conduclive (slainless
sleel) llow chamber thal has been earth
grounded. This nol only prolects from

internally generaled sireaming polen-
tials, Streaming polenlialis a phenome-
non eccurring in high purity water as il
flows pasl insulaling surfaces. Il can
develop a slalic charge along an in-line
plaslic elecirode low chamber, yielding
an unslable Now-sensitive pH signal.
Low flowrales in the 100 mbfminule
range and a conduclive llow chamber
preveni this charge build-up.

A concenlric combinalion measuring
and relerence eleclrode design can
also reduce lhese eflecls (4). The
symmelry and close proximily ol lhe
measuring and reference elements
cancels mosl of lhe slreaming polential
the measuring circuit would olherwise
pick up. Any polenlial gradienl on one
side belween measuring and reference
surfaces is canceled by an opposile
polential gradient on the other side.

The pH circuil is compleled through
Ihe process sample and reference elec-
lrode. The inside componenis of the
relerence and measuring eleclrodes
are designed lo be electrochemically
similar, wilh malching inner element and
polassium chloride filling electrolyte. A
very critical parl of the circuit is the rel-
erence junclion where the filling salls
have restricted conlact with the process
sample. The junction can lake the form

e i st e i A, e UV
passage, or fibers, The purpose ol the
junclion subslance is lo provide reliable
eleclrical conlinuily wilhoul inlroducing
a vollage conlribution of its own,

The mosl reliable relerence junclions
are of Ihe llowing lype where a supply of
potassium chloride electrolyle solulion
is allowed lo slowly bleed through the
junclion, usually by gravily. These are
common in the laboratory.  Although
used occasionally in indusirial inslalla-
lions, llowing junclions do not lend
themselves lo convenient on-ling inslal-
lation, due lo the need for a cumber-
some reservoir lo supply eleclrolyle 24
hours aday. Mostindustrialinstallalions
use unvenled nonllowing type reler-
ence elecirodes where lhe eleclirolyle
and process sample difluse logether.
These nonllowing relerence junclions
can develop problems in high purity
waler as elecirolyte is rinsed out of the
junclion, leaving a high resislance.
Resulling reference junction polentials
can exhibil symploms similar to stream-
ing potentials: noisy, llow-sensilive re-
sponse,

A measuring circuit with high inpul
impedance capability lor both the
measuring and relerence elecirodes
and using a solulion ground, as in Figure
4, has amuch grealer lolerance for high
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|_rcference junclion resistance. This pal-
enl-pending circuil can climinale polen-
lials caused by slray currenls through
Ihe high resislance junclion. Il cannol
eliminale all junclion polentials, how-
ever, The llowing junclion is superior lor
measwing bolh buller solulions and
high purily waler. This is discussed
lurther under lhe subjec! ol calibralion.

Convenlional Elecirode Temperalure
Compensalion

The signal rom all pH eleclrodes is
lemperalure dependenl. The gain in
millivolls/pH is proporlional lo Ihe abso-
lute lemperature ol lhe membrane, as
shawn in Figure 5. The lunclion ol con-
venlional eleclrode lemperalure com-
pensalion and calibration sellings is lo
converl lhe lemperalure-dependent
elecirode millivoll signal inlo a pH value
Ihal can be displayed. This lemperalure
dependence ol the eleclrode response
is roulinely compensaled by analog cir-
cuilry or microprocessor calculalion lo
oblain the pH al the operaling lempera-
lure,

Il there are additional requiremenis
thal the pH be relerenced lo 25 °C,
typical ol high purity walter specilica-
lions, the pH value must then be ad-
jusled lor ionizalion changes by solulion
lemperalure compensalion. This is

done wilh a microprocessor-based in-
sirumenl especially designed lo use Lhe
measured lemperalure lor bolh lypes of
compensalion.

Earth Grounds

Figure 2 shows an earlh ground connec-
ton Ihrough lhe solulion. Process
samples normally have some palh lo
ground, especially when using the rec-
ommended conduclive flow chamber
lor high purity waler. The pH measuring
circuil is lied lo lhis earlh ground
lhrough lhe eleclrodes and solulion
ground conlacl. The pH instrument cir-
cuilry ilsell is complelely isolaled from
ground so thal it can *floal” 10 whalever
ground polenlial may exisl in lhe
sample. The eleclrical power ground
(green wire) conneclion lo a pH instru-
menl is siriclly for shielding and salety
purposes. Il has no conlinuity with the
aclual measuring circuil. Similarly, pH
preamplifier conneclions are nol earlh
grounded.

It is absolulely necessary thal the
glecirodefsolulion ground be the only
ground in the enlire instrumen! meaasur-
ing circuil. Il a nonisolaled inslrumentl
oulpul signal is connecled lo a
grounded recorder, conlroller, com-
puler, or dala acquisilion syslem, a
second ground is inlroduced. The two

grounds are invariably at differeni po-
lenlials and resull in an unwanled cur-
renl and vollage drop through the elec-
rodes. The characlerislic symplom is
thal pH measuremenl works fine in an
isolaled beaker ol bullfer solulion or
sample; bul when eleclrodes are re-
lumed lo the earlh-grounded sample,
an unprediclable oflsel or even off-
scale reading resulls. Resolulion ol the
problem is achieved by using an iso-
laled oulpul or isolalion module be-
lween Ihe pH instrument and lhe
grounded device. Mewer-generalion
inslruments provide oulpul signal isola-
lion as a slandard leature.

Calibration
The mos! reliable translfer of a pH slan-
dard Irom buller solution lo high purity
waler is done using a flowing-junction
relerence eleclrode—one which re-
quires refilling wilh potassium chioride
solution. Il maintains more consislenl
junction condilions in both high ionic
{bulfer) and low ionic (high purity)
samples. So-called low ionic strenglh
buller slandards are nol really low
enough lo approach pure waler condi-
lions. They must have substantial ionic
strenglh to have uselul buller capacity.
Direcl bulfer calibration provides opti-
mum accuracy when a flowing-junclion
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process relerence electrode is used.

Calibration may be accomplished in a

uller solution in the rouling manner.

Comparison calibraion is needed |0
oblain good accuracy when the more
commaon nonllowing process relerence
alecirode is used. The besl praclice is

1o lake a portable pH meler and elec-

trode llow chamber lo the gsampling sile

|o avoid sample conlaminalion. The
porlable reference glectrode should be
of the llowing-junction type 10 achieve

\he best ransfer of standard accuracy.

Thisis used lo correct for Ihe nonflowing

reference electrode, which typically

develops junction potential dillerences

representing 0.2 1o 0.3 pH between

bufler solutions and high purity water.
The following comparison calibration

procedure is recommended when a

| nonflowing reference electrode is used

on-ling:

@ Disable solulion lemperalure com-
pensation for all calibration sleps.
This is usually done with an instru-
ment HOLD function that also dis-
ables alarm aclion during calibra-
lion. (Elecirode lemperature com-
pensation is always aclive.)

@ Perform two-point calibration (stan-
dardize and slope) of both on-line
and portable insiruments with re-
speciive electrodes in quality buffer
solutions. (This step is necessary al
installation with on-line electrodes
and atinfrequent intervals therealter,
to eslablish the slope response.)

@ Place the on-line and poriable elec-
\rodes back in their flow chambers in
parallel flowing samples. Allow rins-
ing until elecirode \emperalures
reach equilibrium and readings are
slable.

® Feadjust the on-ine instrument.
Slandardize lo make ils readout
agree with the portable instrument
with llowing-junclion relerence.

® [eaclivate solution lemperalure
compensalion in the on-line instru-
ment.

Recommendalions

The lollowing summary can be used as
an equipment and operaling checklist 10
avoid polenlial high purily measure-
menl problems:

® A grounded, closed slainless sleel
glectrode llow chamber prolecls
agains! noise pickup, body capaci-
1ance, and sireaming potential while

preventing almospheric CO, con-
larnination.

@ Alow, conslant sample llowrale near
100 mb/minute also minimizes
sireaming potenlials and helps stabi-
lize junclion polential.

@ A combinalion electrode design us-
ing concentric measuring and refer-
ence elemenls further minimizes
streaming polential effects.

@ Superior measuring circuitry using a
solution ground is capable of han-
dling high resistance reference junc-
lions, and and greally improves the
slabilily of measurement. An allerna-
live is 1o use a flowing-junclion refer-
ence eleclrode on-line but localed
downstreamol the measuring elec-
irode o minimize KCI contamination.

® The measuring instrument should
provide solulion lemperalure com-
pensation as well as convenlional
glacirode compensation.

@ The instrumentalion should provide
outpul signal isolalion 1o prevent ex-
ternal ground-loop problems.

@ Calibration should make use of a
flowing-junction reference elec-
irode, either in the process elec-
trodes or by comparison calibralion,
for the crucial buffer-lo-high-purity
transler ol standard. B
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BACK TO BASICS

MEASURING PH IN HIGH-PURITY WATER

n essential
waler qual-
ity measure-
menl on all waler samples is pH. Gener-
ally speaking, delermining the pH of
most walers is easy. Several methods
are available that are both fast and ac-
curate. High-purity waters, however,
offer unigue challenges to obtaining ac-
curate pH readings. To find out why,
lel's go back to the basics.

Measuring pH ;

pH is the measurement of the hydrogen
ion conceniration. Waler dissociates
into hydrogen ions (H*) and hydroxide
ions (OH'), as shown in Equation 1.

HO —> H*+ OH Eg. 1

The concentration of the hydrogen ions
(H*) times the concentration of the hy-
droxide ions (OH') is a constant. This is
called the dissociation constant, or K. At
equilibrium, the dissociation constant is
10", which is scientific notation for
0.00000000000001 (1 with 14 decimal
places lo the left). If the hydrogen ion
concentration equals the hydroxide con-
centration, the H* is 107, or 0.0000001.

It is inconvenient 1o routinely express
the hydrogen ion concentration in deci-
mal form or scientific notation. A short-
hand method is used that expresses the
H* as the opposite of the log of the
hydrogen ion concenltration, -log (H).
This is expressed as pH. A hydrogen
ion conceniration ol 107 becomes pH 7.
A hydrogen won concenlration of 103
becomes pH 3, and 50 on

Based on Ihese convenlions, the pH
scale runs lrom O 10 14, pH 7 is the
midpaint, or neulral. pH levels of less
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than 7 (increasing hydrogen ion con-
centration) are acidic, and pH levels
above T are basic.

Substances thal dissolve in waler of-
ten react lo change the pH of the solu-
tion. The addilion of an acid, for ex-
ample, causes anincrease in the hydro-
genionconceniralionand a correspond-
ing decrease in pH. Bases have the
opposite effect. causing the hydrogen
ion concentration 1o decrease and the
pH to increase.

The pH level can be determined by a
number of methods. For most walers,
accurate pH measurements can be per-
formed with color indicators, pH paper,
or pH meters. Color indicators are re-
agenis thal exhibit a characteristic color
at a specific pH. Phenol red, a common
indicator used 10 measure pH levels
between 6.4 and 8.0, for example, is
yellow at the low end of the pH range
and red at the high end. Other indica-
tors are available that change color within
various pH ranges. pH paper is a varia-
tion on this same method. The paper is
impregnated with the indicator, and
changes color when dipped info the
sample.

The most common method used to
measure pHis the pHmeter. A pHmeter
is actually a millivolt (mV) meter that
measures the polential difference be-
tween a standard reference electrode
and the pH electrode, These two half
cells are known as the electrode pair,

Under ideal conaitions, at 25 °C, the
pH electrode would give a millivoll re-
sponse as defined by Equation 2.

mV = -59.16(pH - 7.000) Eq. 2

Al pH 7. the neutral paint, the mV
signal is zero (0).

Real elecirode pairs, however, do nol
give ideal responses. As aresull, allpH
meters mus! be routinely calibrated 1o
delermine 1the correcl slope and inler-
cepl lor thal meler and elecirode pair

Problems with High-Purity Water
Measurements

Measuring the pl4 of mos! ordinary wa-
ler samples presents lew problems. |
the pH meter is prapely calibraled, an

accurale pH o mcasunanent 15 just the
push ol & betlton away Uinforiunalely,
e sarmwe il D Saed of Picgl-prarity
walen nples (02, 1hose having an

iomic shreogth ol less than 100

microsiemens per cenlimeter [pSfem]).

The extreme purity of low conductivity
samples makes accurale pH measure-
ment dilficult. Mosl walers conlain dis-
solved solids that serve as a bulfer
agains! rapid changes in pH. Weak
acids such as carbonic acid and ils
corresponding salts form chemical bull-
ers that resist changes in pH despite the
addition of small amounts of acid or
base. High-purity samples lack this
buflfer system and are, therefore, sus-
ceptible lo pH swings caused by con-
taminants that enter the sample prior o
or during testing.

Many conlaminanis are knownlo cause
a significant change in the pH of high-
purity samples.

Carbon dioxide is present in the air in
concentrations up to 300 ppm. When a
high-purity sample, such as demineral-
ized waler or steam condensale, is col-
lected, it is immediately exposed to the
air. As little as 0.2 parts per million
(ppm) of carbon dioxide can depress
the pH of the sample by 1.11 pH units.

Sampling container contaminants can

cause a significant change in sample
pH. Trace amounts of acid or base will

Figeare 1 Arvenepioeiod wow ol 8 high-
Fuarity weiles pal fsenson.
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change the pH by more than 1 pH unit.
Studies performed on 0.1- uSfem (10-
megohm-cm) high-purity samples, for
example, indicate that 1 ppm of sodium
hydraxide or hydrochloric acid will shift
the sample pH by 1.03 unil,

Loss of volatile components will
change the pH of the sample. Sleam
condensate samples, lor example, are
frequently collected from lines or receiv-
ers thal are under pressure. When ex-
posed lo almospheric pressure, carbon
dioxide gas and volatile amines are lost,
causing a shift in sample pH.

Temperature of the sampleimpacts the
pH reading. Most pH melers have aulo-
malic temperature compensalion fea-
tures that compensate for the standard
Mernst equation temperature factor.

The solution temperature coefficient
(STC)isthe rate atwhich the pHchanges
with temperature, Unbuffered high-pu-
rity samples are particularly susceptible
lo STC effects. Even pari-per-million
levels of contaminants can cause the
temperature coefficient to be -0.03 pH
unit per °C.

pH meter and electrode types should
be properly selected for high-purity wa-
ter testing. The electrode pair should
quickly equilibrate to each other and to
the sample temperature. Many glass
electrodes will degrade after prolonged
exposure [0 high-purity water, causing
sluggish readings or drift. Also, low-
ionic-strength water can diffuse into the
high-ionic-strength electrolyte of the ref-
erence electrode, causing unstable and
inaccurate pH readings. A sealed refer-
ence hali-cell electrode, which resisis
dilution of the electrolyte, is recom-
mended lo minimize these effects.

Calibration butfers are of much higher
ionic sirenglh than the high-purity water
sample. Allernalely immersing the elec-
trode pair inlo the pH bufier and then
inlo the sample will introduce pH errars.
The eleclrode pair requires thorough
rinsing aller exposure lo high-ionic-
strength bullers to insure establishment
of a siable liquid junction potential in the
high-purily waler sample.

How to Test High-Purity Water
Accurale pH readings are bes! oblained
by in-hne pH sensors. These devices
minimize sample conlamination lrarm he
i and samphing conlainers. A high-
purily waler pH sensar assembly 1S ilus-
tatesd o Fagyure 1

Thee 204 sl trode used n s assen
Iy chowld e a low-impedance elec-

trode to minimize the "sireaming poten-
tials" that develop in low-conductivity
walter streams. This is the static charge
thal is induced in flowing high-purity
waler across lhe glass pH electrode.
These "streaming potentials” add lo the
millivoll signal and introduce error into
the pH measurement. Also, as men-
tioned previously, to prevent diffusion ol
low-ionic-strength water inlo the electro-
lyte of the reference electrode, a sealed
reference hall cell should be used.

If it is nol possible to measure the pH
using an in-line pH sensor, then a grab
sample can be obtained using a flow-
through sample chamber. Such a
sample chamber is depicted inFigure 2.

This sample chamber contains the pH
electrodes and temperature probe in
sealed fittings on the top of the unit. The
water sample flows through the valve at
the botiom of the container and out the
top. The sample is collected by flushing
the container for several minutes and
then closing the bottorm and top sample
valves, effectively trapping the sample
in the container and preventing its con-
tamination by atmospheric gases. The
sampleis then transported to the labora-
tory for subsequent testing.

In addition to proper attention to detail
during sample collection, the pH mea-
surement must be made afler proper
calibration of the pH meter and by care-
fully following the test procedures es-

tablished by the tes! equipment maru-
facturer. This includes flushing the
sample manifold with 250 milliliters per
minule of waler for 3 to 4 hours, main-
taining the sample pressure al 50 pounds
per square inch gauge, and conlrolling
the sample lemperature al 25 °C. For
more information on these procedures,
reter 1o American Socily lor Testing and
Materials (ASTM) D-19 5128-90 enlilled
Standard Test Method for On-Line pH
Measurement of Waler of Low Condue-

tivity.

Summary

pH measurement is an essenlial proce-
dure for allwater managemeni programs.
Obtaining accurate pH readings on un-
buffered high-purity water samples is
particularly dilficult, however, because
of the contaminants introduced from the
air, sample containers, and lest equip-
ment. Fortunately, standard test meth-
ods have been developed that minimize
these faclors and produce an accurate
pH determination.ll

Author William F. Harfst may be con-
tacted at Harfst and Associales Inc.,
P.0. Box 276, Cryslal Lake, IL 60014;
B815/477-4559.

Key words: HYDROGEM IONS, HY-
DROXIDE IONS, NEUTRAL POINT, pH
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