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EXECUTIVE SUMMARY AND RECOMMEND ATIONS

A.

EXECUTIVESUMMARY

An analysis system has been developed to provide for in-line analysis of
boron, chloride, dissolved hydrogen, dissalved oxygen, pH and
conductivity. The system can be operated during regular or post-accident
coenditions. Analytical procedures have also been developed to provide for
boron analyses under post-accident conditions. The boron analyses will be
performed in a hood with samples that have been diluted by about a factor
of 1000 in the liquid sampie panel. All the analyses listed above can be
performed within one hour after sampling during post-accident conditions.
Cumulative radiation exposure involved to perform the analyses listed
above at one hour after core damage occurs is estimated to be less than |
rem. This recommendation applies to both normal and post-accident
conditions.

RECOMMEND ATIONS

l. Boron Aralyses

The boron concentration should be determined in-line, with the
DigiChem analyzer described in Section IV of this report. Plant
qualification testing is required before the recommendation is imple-
mented. For interim post-accident conditions, the boron concentra-
tion should be determined on a diluted sample using the fluoroborate
selective ion electrode. The uncertainty factor associated with
analyzing a solution containing 2 ppm boron using this procedure is
about (+13, -3.3 percent). Analysis time is less than one hour. A
colorimetric metho. utilizing curcumin is recommended as a alter-
nate backup method for boron analysis during post-accident condi-
tions. This method has an uncertainty factor of about «+13 percent,
with a total analyses time of two hours.



2

4.

Dissol ved Hydrogen Concentration Determination

Hydrogen analyses during both normal and post-accident conditions
should be perfcrmed with the in-line analysis system shown in Figure
[M-2. A 30 mi primary coalant sample is stripped with argon gas to
yield an end volume of 600 cc of gas at STP conditions. The resulting
gas mixture is hard piped to a gas chromatograph to determine
hydrogen concentration. This hydrogen concentration is, of course,
directly relatable to distaived hydrogen concentration in the primary
coolant.

Chioride Analyses

The chioride analyses should be performed with a Dionex ion chroma-
tograph under both normal and accident conditions, using the
automated system shown in Figure [lI-1, The ion chromatograph has
the capability to analyze chiorides in the range of 100 ppb to 20 ppm
with virtually no radiation exposure to operating personnel. A
chloride determination can be made within one hour after sampling
under accident conditions.

Dissolved Oxygen Analyses

Under accident conc.itions, dissolved oxygen analyses should be per-
formed with the YSI oxygen analyzer incorporated in.o the system
shown in Figure Ill-l. This system has the capability to determine
dissolved oxygen in the range of 0.1 ppm to 20 ppm. Al operations
can be performed remotely on the recommended system; cons-
equently, there is minimal radiation exposure associated with its use.
An oxygen determination can be performed within one hour after
sampling under accident conditions. Continuous monitoring of dis-

sol ved oxygen is also possible.

For routine operations, oxygen analysis should be performed with the
Rexnord analyzer. This insTument is not used during accident
conditions because of the large liquid volume contained within the




probe and the slow response times involved in monitoring low level
oxygen concentrations. Dual analysis capabilities are included to
provide for low oxygen monitoring. The low level sensitivity range
for the Rexnord oxygen analyzer is 0-20 ppb.

5. pH and Conductivity

line flow cells under both normal and post-accident conditions. Both
measurements can be obtained within one hour a‘ter sampling under
accident conditions. The system recommended here can be operated
continuously or intermittently. The pH and conductivity probes used
in the system shown in Figure Ill-| are standard commercial designs.
The probe holders have been designed to reduce total liquid volumes
to 3-4 ml for each probe to minimize shielding requirements. There
will be little or no radiation exposure involved in determining pH and
conductivity under accident conditions.

|
|
\
|
|
The pH and conductivity measurements should be performed using in-




. INTRODUCTION
A. GENERAL

The NUS Corporation in cooperation with William Nestel and Tom
Lehmann of Commonwealth Edison and under contract to
Commonwealth Edison has designed the system described in this
report to provide for improved post-accident analyses capability.
The findings of the Nuclear Regulatory Commission's TMI-2 Lessons
Learned Task Force have been taken into cons.deration in developing
the system. While design objectives are based in large part on post-
accident considerations, the system can also be used for routine
analysis operations.

Initially, the work scope was to develop procedures for post-accident
analysis for boron and chioride. Later the work scope was expanded
to include development of an automated system which would provide
for analyses of dissolved hydrogen, dissal ved oxygen, chioride, pH and
conductivity. The chemical analysis system described here will take
effluent flow from the liquid sample panel in the sampling system
deveioped by the Sentry Corporation.

B. DESIGN OBJECTIVES
The major objectives which have all been realized are as fallows:

I. To provide the chemical analyses specified in NUREG-0578
during post-accident conditions in a time frame of one hour
after sampling.

2. To perform dissolved hydrogen, dissolved oxygen, boron,
chioride, pH and conductivity determinations with in=line instru-
mentation.

3. To develop manual boron analysis procedures that can be per-
formed on a sample that has been diluted by a factor of 1000.



This is to limit radiation exposure invalved with handling post-
accident samples.

To limit the cumulative radiation exposure involved to perform

all the analyses listed above at one hour after core damage to
less than | rem,

To use off-the-shelf instruments in designing the system.

To provide a system that can be used on a daily basis as well as
during post-accident conditions.

To demonstrate by laboratory experiments that the proposed
analytical methods would be suitable for this application using
simulated "post-accident” reactor coolant samples (exclusive of
radicactivity) containing variocus quantities of dissolved gases,
chioride and boron.

To calculate the dilution factors needed to allow laboratory
isotopic analyses of radioactive gases with post-accident condi-
tions.




[IL AUTOMATED ANALYSIS SYSTEM

A. GENERAL DESCRIPTICN

The automated analysis system that has been developed consists of
stainless steel tubing, valves, and instrumen ‘ation mounted in a lead

shielded panel. Remote indicating flow and pr:ssure meters are mounted
on the face of the contral panel for moritoring and controlling fiow

parameters. Readout instrumentation ;s on an instrument panel located
about 20-25 feet from the panel containing the sensor probes.

The in-line instrumentation provides for determination of dissolved hydro-
gen concentration, boron concentration, chloride concentration, dissal ved
oxygen concentration, pH, conductivity and temperature. Analytical
capabilities and accuracy limitations under regular or post-accident
conditions are listed in Tabie IlI-1. A simplified flow schematic for the
water analyses system is shown in Figure [I-1. This system does not
include the DigiChem in-line boron analyzer since it has not yet been
qualified for in-plant use. It is our understanding that CECO (Tom
Lehmann and William Nestel) will perform the plant qualification work for
this analyzer. The gas analysis flow schematic is shown in simplified form
in Figure III-2,

Undiluted water to be analyzed for chloride, oxygen, pH and conductivity
is taken from the Sentry liquid sample panel at about 50-60 psig pressure.
Flow rate is maintained in the range of 50-400 mi/min as indicated by the
flow meter in the Sentry liquid sample panel. The chemical analysis panel
(Figure III-1) also has a flow-no-flow indicator on each of the two sample
loops. The dissolved hydrogen in the primary coolant sample contained in
a 30 ml sample container in the Sentry liquid sample panel is stripped
from salution with argon gas. The gas evolving from salution is collected
in a previously evacuated 300 cc container. From here, it is transferred
by 1/8 inch tubing to the Baseline gas chromatograph in the automated
analysis system for hydrogen determination. The oven, columns and
detector of the gas chromatcy “ph are located in back of the leacd-
shielded chemical analysis panel, above the chioride analyzer. The




control system for the gas chromatograph is mounted on the instrument
panel located outside the high radiation zone. Simplified operating
instructions for overall operation of th+ automated analysis system are
provided later in this section. Operating instructions concerning specific
components in the system are provided in Sections IV, V and VI of this
report. These instructions are based on the system design used by NUS to
check-out the equipment. Changes may be made in the final system to be
manufactured by Sentry. In any event, operating instructions for the final
system will be issued by Sentry.

In designing the system, the choice of instrumentation was limited to off-
the-shelf components. One change was made from conventional design to
redesign probe holders to minimize fluid valume and reduce shielding
requirements. The system as shown contains a Rexnord oxygen probe

which would not be used during post-accident sampling conditions because
of the large sample volume contained within the probe. It is included as
optional equipment for routine operations. All personnel exposure times
invalved with operation of this system will be on the order of seconds.

FUNCTIONAL DESCRIPTION

l. Liquids

The automated analysis system can provide continuous in-line
monitoring of dissalved oxygen, pH and conductivity under normal
operative conditions. The system can be expanded to include in-line
analyses of boron after plant qualification tests are performed.
Chloride analysis is performed on bite samples taken from the sample
flow stream. It is anticipated that under accident conditions the
system would be operated on an intermittent basis only when
analytical data are required.

During post-accident conditions all calibration operations should be
performed prior to introducing sample flow to the system to mini-
mize radiation exposure to operating personnel. The calibration and
functional operations of the system for liquid analyses are discribed




in the following sections. The functional operation for the hydrogen

analysis system is provided in Section VL

Calibration

The instrument: in the Chemical Analysis Panel will have to be
calibrated with frequency as indicated below or just prior to use
if the system is operated on an infrequent basis. All calibration
operations must be completed prior to admitting flow to the
sampling panel during accident conditions.

Instrument Calibration Frequency

Gas Chromatograph Daily - 200 ppm standard
Monthly - 10% standard

lon Chromatograph Daily
pH Determ:nation Daily

Conductivity Determination Every three months
Yy Yy
(Maintenance OPCFE’.XO( )

Yellow Springs Oxygen Analyzer Weekly
Rexnord Oxygen Analyzer Weekly

Calibration operations are performed after the following initial
conditions are established. Valve and sample line designations
are as shown in Figure IlI-1; sample line des.gnations have a "L"

prefix.

e If it is not being operated in a continuous mode, the system
should be maintained in a water-salid condition for 8-12
hours prior to use to assure pH probe stability.

The two buffer solution tanks should be filled with pH 7 and
10 buffer soiutions.

The oxygen calibration tank should be filled with demineral-
ized water.




(1)

(2)

For PWR plants, the chioride calibration tank should be
filled with a standard solution containing | ppm chioride and
2000 ppm boron solution in the boric acid form. A | ppm
chloride standard without boron is used ir. BWR plants.

Nitrogen lines L-7, L-8 and L-27 should be pressurized at 50
psi. |

Flush lines L-10 and L-26 should be connected and water
available for flushing.

All instruments should be electrically energized for the
minimum period specifiad in the appropriate instrument

manuals.

Gas Chromatograph Calibration

The development work concerning gas stripping operations
described in this report was performed with a Fisher gas
chromatograph. After this work was complete, the decision
was made to use a Baseline gas chromatograph in the final
system. Calibration data are not included on the Baseline
because NUS has no working experience with this system.

pH Calibration

To calibrate the pH instrumentation buffer solution, flow is
established through L-6, L-15, L-16, L-19, L-20 and L-2! by
line-up of valves 14 or 6 and valves 3, 4 and 5. Flow rate is
controlled with the valve 5, opening the valve until the
indicating light on the flow indicator is on. It is only
necessary to establish that flow exists. Motive force to
establish flow is provided by establishing a nitrogen pressure
in the buffer salution tank via by opening valve |5 or 17
dependent on whether pH 7 or 10 buffer saluticn is used.
After the flow rate has been established for 15-20 seconds




valve 5 is turned to the off position. The pH meter is
adjusted to indicate the proper pH then the procedure is
repeated using the other buffer solution. Following calibra-
tion the system must be flushed with demineralized water
via line L-10.

Calibration of the Rexnord or YSI Oxygen Analyzer

At least two hours prior to performing the calibration oper-
ation, the pump in line L-13 must be operational and
circulating water through the oxygenated water calibration
tank via lines L-13 and L-12. Using the temperature of the
water, indicated by a monitor on the tank, the oxygen on the
water can be determined from Figure Ill-3 showing oxygen
concentration in the water as a function of water tempera-
ture. Calibration of the dissolved oxygen instrumentation is
accomplished by flow from the tank through lines L-13, L-9,
L-15, L-'6, L-17 and L-18 for the Rexnord probe or L-28 for
the YSI probe. Exit flow for both probes is through L-19, L-
0 and 21. The flow rate should be established by acjusting
throttle valve 5 until the indicating light on the flow
indicator is on. It is onlv necessary to establish that flow
exists. When op~rating at a high oxygen level, the oxygen
meter of either analyzer will achieve an equilibrium valve in
about 3-4 minutes. Several hours may be required to attain
equilibrium value on the Rexnord analyzer for oxygen levels
in the low ppb range. Adjust the YSI or Rexnord oxygen
meters to read the proper concentration after 3-4 minutes
of flow.

Chloride Analyzer Calibration

Chioride calibration can be performed prior to, subsequent
to, or in conjunction with the other calibration operations.
Flow from the chloride calibration solution tank is provided
by 50 psi pressure of nitrogen in line L-7. Flow through the
analyzer is through line L-5 and L-25 exiting to waste

10




through line L-26. A flow rate is established by throttling
valve 8 until the indicating light on the flow indicator is on.
t is only necessary to establish that flow exists. Valves 8
and 9 are closed after one minute of operation with flow in
line L-25. The inject switch on the ion chromatograph is
then activated to automatically inject 0.2 mi of the chioride
standard sclution into che instrument. This Degins the
sequence of operation required for the analysis. The peak
height for the chioride peak recorded on the strip chart six
minutes after injection is used as the reference point for
determining the concentration of chlorides in samples. The
chloride :tandard solution will be automatically flushed
from the analyzer through a sequence of steps with the
eluent salution contained in the ion chromatograph. The
complete calibration operations including flushing requires
about 30 minutes. No analyses can be performed until this
operation is complete.

Conductivity Calibration

The cell constant of the conductivity cell will be checked
every three months as part of a maintenance operation. A
buffer solution tank will be thoroughly rinsed with deminer-
alized water, then with a known conductivity standard
containing KCl in water. Next, this standard wil be
injected into the system as described under pH calibration;
the conductivity as measured under flowing conditions will
be compared to the known value. Finally, the system will be
rinsed with demineralized water,

Analysis of Liquid Samples

Sample flow through the automated analysis system (Figure [lI-1)
comes from line L-2, connecting to the liquid sampe panel, to L-
4 where the flow is split to go to valves 2 and 3 for the

conductivity, oxygen, and pH analyses and to valve 7 for the




chioride analyses. Flow rate to valves 7 and 2 is controlled by

the Sentry liquid panel and typically will be of the order of 200
mi/min. However, the flow can vary between 50 and 400 mi/min
without significantly affecting instrument accuracy. Flow from
valve 3 is through lines L-15, L-16, L-17, L-18, L-19, L-20 and L-
2] for analyses during normal operation with the Rexnord oxygen
analyzer. Under post-accident conditions, flow is directed
through lines L-15, L-16, L-28, L-19, L-20 and L-2] to use the
YSI oxygen probe. Fallowing the analysis; valve | is closed and
valves 7 and 3 opened to align lines L-24 and L-10 respectively
to flush the system for approximately 10 minutes.

Analysis of liquid samples for pH, conductivity, dissalved oxygen
and chioride under post-accident conditions should be performed
following a 5-10 minute purge of the sample line. Dissalved
oxygen readout should be obtained in the final minute of purge
flow. System flow in the range of 50-400 ml/min is required t«
obtain accurate oxygen results. The pH and conductivity
measurements are preferrably obtained when there is flow past
the probes; however, readings can be obtained within a few
minutes after flow has stopped. The chloride analysis sample
should be obtained by pressing the "inject" button on the
analyzer during the final minute of purge flow.

C. DESCRIPTION OF INDIVIDUAL INSTRUMENTS

Chioride Analyses

Chioride analyses will be performed by the use of the Dionex Model
10 ion chromatograph. This is the only approach that can be used to
analyze for chlorides that will not add significantly to personnel
radiation exposure. A discussion of the methods investigated for
chloride analyses under post-accident conditions is presented in
Section V. Other available methods for chioride analysis invalve
substantially higher radiation exposure to the analyst and for this
reason were discarded. Analyzing a sample by IC is fairly straight




forward requiring about | mi of undiluted sample tiansferred via hard
piping into the sampling module to the IC. A fixed amount (0.2 ml) of
the sample is automatically transferred to the separator calumn for
analysis. Excess sample is discharged to the waste cispesal system
via gravity drain. Eluent solutions containing sodium retraborate or
sodium carbonate and regenerant solutions containing sulfuric acid
are also discharged to this same drain line. Analyvical resuits
obtained on tests performed on a system mockup are cliscussed in
Section V.

The ion chromatograph in the analytical panel can be used 0 analyze
for chiorides in the range of 100 ppb to 20 ppm without pretreatment
of the sample. This system must be modified from the horm to
eliminate a boron peak interference and to reduce radiation exposure.
The columns must be changed as described in Secton V to separate
the boron and chioride peak. Also, shielding must be provided for
that portion of the unit which will process the radicactive saluticn.
Partial enclosure in a hood is required in the event of leakage.

Operating procedures have been developed for chloride analysis with
the ion chromatograph that are relatively simple and have a high
degree of precision. The step Dy step procedure described in Section
V will enable operation of this system by personnel that have only
limited training in analytical chemistry.

Dissolved Hydrogen Analyses

The gas analysis system shown in Figure [[I-2 provides for the analysis
of dissolved hydrogen concentration in the primary coalant. The

system designed by NUS measures dissolved hydrogen concentration

in the range of 5 cc Hz/kg to 2000 cc Hz/kg. The gas is stripped

from a 30 ml liquid sample with argon gas to yield an end volume of
600 cc of gas at STP conditions. The resulting gas mixture is

collected in a 300 cc container. Hydrogen concentration of the gas




mixture as determined by the Baseline gas chromatograph is related

to dissolved hydrogen concentration in the primary coolant.

The gas analyses will be performed using a gas chromatograph man-

ufactured by the Baseline Corporation. No data are provided for this
instrument since qualification testing has been performed by Sentry.
Results with this system should be similar to that obtained from the
Fisher gas partitioner used in the testing described in this report.
This development work is discussed in Section VL

Dissol ved Oxygen Analyses

a. Yellow Springs Analyzer

Under accident conditions, the analyses will be peformed using
an in-line dissolved oxygen meter manufactured by the Yellow
Springs Instrument Company. During normal operation, this
system will be operated on a once per week Dasis to assure that
the system is properly maintained. It can measure dissolved
oxygen concentration in water for the range of 0.1 to 20 ppm.
Qualification testing of the instrument is described in Section VI
of this report.

The probe holder has been redesigned to minimize fluid volume
and reduce radiation exposure. A double O-ring seal is used to
prevent leakage. The probe can be easily removed for replace-
ment or repair. Also, the probe holder is designed so that it can
be flushed after it is used in this application. The system design
provides for in-line calibration to achieve accurate oxygen
determinations. The calibration solution is an oxygen saturated
demineralized water source. Demineralized water is oxygen
saturated by being continuously recirculated and ejected as a
spray through air into a tank. The oxygen concentration in this
water will be a constant, based on the temperature of the water,

Since water temperature is monitored, oxygen concentration can




be determined from a solubility chart relating dissoived oxygen
concentration to temperature of the water,

(0

(2)

This calibration method wa:s selected for the fallowing
reasons:

(a) Itis simple in operation.

(b) The calibration can be verified by Winkier analysis of
the water. The tank has a drain valve which can be
used to obtain a water sample.

(¢) Variations in barometric pressure will affect results to
a minor degree; however, the degree of error would not
be important.

Other approaches, as identified below, were considered in
selecting a methed to provide for calibration of the dis-
sol ved oxygen monitor:

The dissolved oxygen monitor can be calibrated by purging
air through the probe. This was considered undesirable for

the fallowing reasons:

(a) If the valving is mishandled and air is blasted through
the system, the dissolved oxygen membrane could be
damaged.

(b) After the system is flooded with air, some time would
be required before it would be possible to obtain low
level oxygen readings.

(¢c) Purging air through a cuntaminated system can create
airborne contamination leveis.



Calibration can be performed by an introduction of oxygen-
free water or water from a closed tank with known oxygen
levels. This approach was not used for the fallowing

reasons:

(a) Most plants do not have known sources of oxygen-free

water conveniently available.

Oxygen levels of water from almost any closed tank
source in a nuclear plant vary with time; consequently,
it would be necessary to perform a colorimetric or
Winkier analysis to determine the oxygen concentration
before the water can be used for calibration. This
approach can lead to error if there is stratification of
oxygen concentration in the water. This writer partici-
pated in one experiment where oxygen levels in a water
storage tank were found to vary by several ppm over a
distance in height of about 6-10 inches.

Rexnord Analyzer

The Rexnord oxygen analyzer will not be used during post-
accident conditions, because the relatively large valume in the
probe will result in a radiation shielding problem. Also, the
delay time of 30 minutes or more for the instrument to reach
equilibrium is unacceptable under post-accident conditions.

The Rexnord analyzer will be on stream during normal operating
conditions to measure dissolved oxygen concentration in the low
ppb range. No qualification testing was performed with this
instrument. Operating instructions for the instrument are
provided by the vendor.

The Rexnord system will be calibrated on a weekly basis using
the same procedure indicated for the YSI instrument. Calibra-
tion can also be performed by exposing the membrane in the




probe to air. However, this approach is not recommended
because of contamination considerations.

pH Determination

An industrial grade in-line probe with a sealed reference electrodes
that never needs refilling is used to determine pH. A Cale - Parmer
pH probe (Catalog No. 5993-2) and readout instrumentation was used
in the test work performed by NUS. The vertical probe holder has a
flow inlet at the bottom with exit flow from the top. This design
feature prevents entrapment of gas bubbles in the halder. The probe
holder has been redesigned to minimize fluid valume. A double O-
ring seal is used to prevent leakage. The probe can be easily removed
for replacement. Calibration of the pH probe is performed in place
using pH 7 and 10 buffer salutions. Loop design provides for the
addition of buffer solutions to the pH probe and for flushing of this
salution from the system after calibration is complete. Readout
indication for pH is provided by an industrial grade meter, The meter
is mounted in the remote instrument panel,

Qualification testing performed was limited to establi:hing that the
pH probe selected would work in a flowing stream and to determine

the effect of air bubbles on system operation. Air was continuously
injected in the sample flow stream at a rate to make up about 5
percent of the water volume. No effect on pH readout was noted .n
this test.

Conductivity Measurement

Conductivity measurement®s are provided by an in-line probe with a
cell constant of 0.l. A Beckman probe and readout instrumentation
was used in the test work performed by NUS. The probe holder has
been redesigned to minimize fluid valume. A double O-ring seal is
used to prevent leakage. The probe can be easily removed for
replacement. Calibration of the conductivity probe to determine cell

constant should be performed every three months as part of a




maintenance procedure. Readout indication for conductivity as

provided in the end system is with a Leeds and Northrup meter with a

nonlinear scale of 0-50C umhos/cm. The instrument has high

accuracy for the low end of the range (0-2 umhos/cm), with decreas-
ing accuracy at the other end of the scale.

Qualification testing performed was limited to establishing that the
system would work in a flowing stream and °*~ determine the effect
of air bubbles on system operation. This work was performed in
conjunction with the air bubbie test performed with the pH probe.
No effect on conductivity readout other than an occasicnal needle
pacturbation was noted when air bubbles were introduced to the

sample flow.
Flowmeter

The flowmeters used in this system are flow-no-flow types. They are
provided by the Sentry Corperation.

D. OTHER DESIGN CONSIDERATIONS
_Sjstem Flushing

Design of the analysis system provides two entrance points for
flushing the entire system with demineralized water. This is to
provide for radiation control and tc clean the system prior to opening
the system for repair or maintenance. Chemical cleaiing with a
chelant or organic acid can also be easly performed using the oxygen
calibration tank to charge the solution into the system. Materials of
construction within the system are compatible with most chelants or
organic acids.

Radiation Control

Lead shot will be used to provide for complete shielding on the front
of the analysis panel. All components will be accessible from the

back for ease of maintenance.




A hood is used to provide for gaseous activity control in the event of
leakage of radioactive gases and iodine from valves and fittings.

Pressure and Temperature Limitations

The analytical system operating pressure limitation is 75 psi. This is
based on an operating pressure limitation of 100 psi for the pH probe.
A margin of safety was arbitrarily added for conservative reasons.

Optimum temperature range for operation of the analytical system is
in the range of 75-90 °F. There will be a loss in accuracy for the pH
and conductivity determinations when operating in a variable tem-
perature range: this loss in accuracy cannot be tolerated for a BWR
plant. Constant temperature control of the sample stream is
required for a BWR and is preferably installed for a PWR. Maximum
operating temperature for the analytical system is 125 °F,

Radiation Damage

A study made to determine the effect of radiation on equipment in
the NUS analysis system indicates that the radiation levels antici-
pated will have no effect on accuracy of measurement and very
little, if any, effect on operating lifetime of the individual
components within the system. The study included a survey of
personnel who have performed similar analysis under high radiation
levels in hot cell condiiions and a review of the literature concerning
irradiation effects on materials of construction. In addition,
laboratory experiments were performed to determine the effect of
concentrations of hydrogen peroxide on the conductivity of the
reference solution. No effect was noted. The laboratory work was
performed because there could be trace concentrations of peroxide in
the coolant under zero or near zero hydrogen concentrations in the
primary coolant.

In performing the survey, personnel were contacted at Batteile-
Northwest and Oak Ridge Laboratories. In addition, a former



employee of the naval test facility in Idaho was contacted concerning

his hot cell experience with radiation chemistry at this location.
Operational experience exists within the three laboratories con-
cerning all phases of the analyses performed by the subject system.
Results from these laboratories are consistent as all indicate the
analytical measurements in question can be made at much higher
radiation levels than will be experienced under pest-accident condi-
tions in the automated analysis system. One general conclusion that
can be made from this survey, is that analytical instruments can be
operated in a hot cell without loss to accuracy of results. There will
be some reduction in operating lifetime of the system where
continuing exposure at very high radiation levels is involved. Results
of this survey as it applies to the individual analytical components
within the system are discussed below:

a. Conductivity Determination

Readout equipment for this system is located remotely, thus,
will not be exposed to significant radiation levels. The equip-
ment exposed to radiation includes the following:

Platinum electrodes enclosed in a glass halder
Connecting wires to the electrodes

Stainless steel probe haolder

Synthetic rubber O-ring seals

Operating experience at Oak Ridge and the naval test facility
indicate that conductivity measurements can be made in hot cell
conditions under very high radiation levels without probiem.
Battelle-Northwest could not recall an experience in measuring
conductivity under hot cell conditions. Oak Ridge has noted that
ruthenium in salution can result in a problem since it will
utimately plate out and thus poison the electrodes. Thus is a
very slow process occurring only in solutions having a much
higher radiation level than would be present under post-accident
conditions.




b.

Incipient damage to the insulation on the connecting wires to the
platinum electrodes could be anticipated at about 107 rad based
on information presented in reference (a). Total radiation
exposure to this insulation during post-accident conditions would
probably not exceed 1000 rads and would be less than 10,000
rads. Thus, the insulation on the wire has a 1000X factor of

mm.

The synthetic rubber O-ring seals could suffer incipient damage
at about 10° rads based on data listed in reference (b). Total
radiation exposure for these O-ring seals during post-accident
conditions would be less than 10,000 rads resuiting in a 100X
safety factor. The glass and stainiess steel would not be
affected by the radiation. Glass will darken with time on
exposure to radiation; however, this would not affect its per-
formance in this application.

In the absence of dissolved hydrogen in the primary coalant, it is
possible that there will be iow ppm concentrations of peroxide
present from radiaysis of the water. Testing was performed to
determine if this peroxide would have an effect on the con-
ductivity of boron-containing waters. No effect was noted on
boric acid salutions with peroxide concentrations of 100 and 2C0
ppm. A | percent increase in conductivity was observed for
basic boron salutions containing 100 and 200 ppm peroxide.
These data are reported in Table [II-2.

Dissol ved Oxygen Determination

Readout equipment for this system is located remotely. The
equipment expcsed to radiation contained in the oxygen and
temperature detection probe includes the fallowing:

Gald cathode and silver anode
Membrane made of 2 mil Teflon
Electralyte - saturated KCl



Two metal-oxide thermistors
Connecting wires to anodes
Synthetic rubber O-ring seals
Stainless steel probe holder

PVC block and Hysol epoxy cement

The most sensitive component to radiation damage in the above
list is the two-mil thick Teflon membrane. Unpublished data
from Oak Ridge indicates that Teflon is resistant to radiation
damage to about 10® rads. This data is supported by irradiation
tests performed in connection with the nuclear plane develop-
ment effort. Results of this work indicate that high pressure
(1400 psi) Teflon hoses would show incipient leakage at 10° rads
exposure levels. Cumulative exposure levels for the Teflon
membrane during post-accident conditions would be less than
10,000 rads. Thus, there is a safety factor of at least 100X
associated with this component. It should be noted that the
probe or the membrane itself can be easily replaced with very
minimal exposure after the system is flushed, drained and blown
dry.

The two anodes and stainless probe holder are not sensitive to
radiation other than perhaps high-intensity neutron irradiation.
There will be no neutrons present in the analytical system. The
two metal-oxide thermistors are not expected to be affected by
radiation; however, no problem would result if damage occurred.
The temperature indication provided by the thermistors is not a
critical measurement.

No radiation damage is anticipated to the PVC block below 106
rads based on data concerning the general resistance of organics
to radiation presented in references (a) and (b). The Hysol epoxy
cement is stable to radiation at exposure levels to 107 rads.
Concerning other components (O-ring seals, insulation), the
cumulative exposure levels anticipated are far below the area
where damage will occur.

22



C pH Determination

Readout equipment for this system is located remotely. The
equipment exposed to radiation includes the following:

Glass pH probe - Gel type with internal reference cell
Connecting v ires to probe

Synthetic rubber O-ring seals

Stainless steel probe halder

Experimental work reported in reference (c) indicates that pH
electrodes of the type used in this system are stable at cumula-
tive dosages up to 107-108 rads. These results are in agreement
with data presented in reference (d) and experience reported by
Battelle and the naval test facility in idaho. Concerning
selective ion electrodes, it was observed that the potential
response of a fluoride electrode shifted with time at very high
cumulative exposures; however, the affected electrode did not
lose its effectiveness as long as calibrations were made period-
ically with standard salutions. A nitrate electrode began to give
erratic readings as the cumulative dose approached 107 rad.

Cumulative exposure levels to the pH probe in the automated
analysis panel during post-accident conditions will be less than
10,000 rads. Thus, there is a factor of at least 1000X below the
point where incipient radiation damage can be anticipated.

It is worthy to note, that the data reported in the literature
indicate that valid pH readings can be cbtained even where a
radiation effect was noted provided that the sysiem is calibrated
periodically. Operating instructions to be included with the
automated analysis equipment will specify daily calibration when
the system is in regular use. Calibration prior to use will be
specified for intermittent operation. Other components within
the pH probe assembly will not be affected by the radiation
exposure levels inval ved.




d. Chioride Determination

Radiation levels for the chloride analysis equipment (ion chroma-
tograph) will be lower than is the case for the other equipment in
the analytical system. The reasons for this are as follows: (1)
the maximum primary coclant valume contained within the ion
chromatograph will be on the order of 1 mi, and (2) the system
will be located further away from the radiation source than are
other components in the system. Components in the ion chroma-
tograph receiving relatively high radiation exposure include the
following:

Cation resin
Anion resin
Conductivity cell
Transistors
Capicitors
Wire-would pots
Circuit board

No radiation damage is anticipated with the resins based on ex-
perience developed at Battelle. Resins are conventionally used
to separate various isotopes at Battelle without problems.
Damage occurs after extended exposure; however, the degrada-
tion process is slow. Anion resin will start to degrade at about
lO8 rads and cation resins at leo8 rads. This is several orders
of magnitude higher than will be encountered for the resins in
the ion chromatograph. It is anticipated that electronic
components of the type included in the ion chromatograph will
be resistant to cumulative exposure well above 105 rads based on
data presented in reference (a).

In the absence of dissolved nydrogen, it is possible the primary
coolant will contain low ppm concentrations of hydrogen
peroxide from radiolysis of water. The effect of this peroxide on
readout of the conductivity cell in the ion chromatograph was
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investigated by adding peroxide to a solution containing 2 ppm
HCl and measuring conductivity before and after the addition of
peroxide. The justification for using a 2 ppm HC! solution is
noted below. Essentially no effect was observed on conductivity
within the limits of the accuracy of the instrumentation.
Results are presented in Table [1I-3.

Chioride determinations on an ion chromatogragh are obtained
by processing the water through resin calumns and monitoring
the conductivity of the effluent. The chioride (or other anions)
will pass through the resin column in wave form at known time
intervals after injection of the solution to be analyzed. Cations
are removed Dy the suppressor calumpr resulting in the formation
of the corresponding acids from the anions in salution.
Consequently, there will be a series of acids such as HCI, HZSO,‘,
etc., passing through the conductivity cell in wave form, each at
a different, though known time interval after the injection of the
soluticn to be analyzed. Conductivity of the solution at a
specific time interval is then related to acid concentration for
the anionic species which passes through at that time.

Information developed in testing performed by NUS indicates
that 3-10 ppm chioride in the sample size used will result in a
maximum HCI concentration of about 2 ppm after it is separated
in peaks as it passes through ion exchange columns in the ion
chromatograph. The 2 ppm HCl concentration used in the
peroxide test is based on the reasonable assumption that chioride
level in the primary coalant will genecally be below 10 ppm.

Pressure [ndicator
A pressure transducer incorporating a strain gage is used to
sense pressure and transinit this pressure to the readout equip-

ment which is located remotely. Oniy the transducer is exposed
to radiation. This contains the following material:
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Diaphragm made of 17-4 PH stainless steel

A strain gage made of silicon dopea with phosphorous
Synthetic rubber O-ring seal

Circuit board with resistors, capacitors and transistors

Die-cast aluminum housing for electronic components
Insulation on lead-in wire

The most sensitive component to radiation damage in the pres-
sure transducer is probably the transistors. These should be
resistant to cumulative exposure above 105 rads based on data
presented in reference (a). Maximum cumulative exposure for
the transistors will be below 10,000 rads. There are no data
available concerning radiation resistance of the strain gage.
Principle of operation for a strain gage involves a change in
resistivity that is proportional to the deflection in the gage. It is
very unlikely that resistivity of an element will be affected by
radiation exposures that will be experienced in the pressure-
transducer driving a post-accident condition.

All other components in the pressure transducer can withstand
cumulative exposure on the order of 106 rads or more.

Operation of the pressure indicator is not required for any of the
post-accident analyses performed with the NUS system. The
pressure indicator is included so that operating personnel can
maintain a back-pressure of 40-50 psi or more in the system by
suitable adjustment of the throttling valve. Back-pressure is
required to keep dissolved gases in soiution. Adjustment of the
throttling valve to control back-pressure will be made during
calibration of the system performed during normal power opera-
tions. Flow adjustment will be required only infrequently since
inlet pressure will be relatively constant at about 60 psi. In the
event that there was a significant change in pressure and the
transducer failed, the change in pressure would be manifest by a
change in flow rate. There can be no buildup of excess pressure
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since the system is pressure relief valve protected with valves in
the Sentry system.

Flow Meters and Dissol ved Hydrogen Analysis System

These systems are provided by Sentry.

Valves

All valves use Teflon packing. The use of Teflon packing is
specified because of its good sealing characteristics. Oak Ridge
prefers Teflon-packed valves for handling radicactive solutions
containing high levels of radicactive iodine. Some radiation
damage to the teflon may be anticipated at 108 rads cumulative
exposure; however, it is unlikely these valves will ever have
10,000 rads exposure. It is recognized that there are packing
materials available that are more resistant to radiation than is
Teflon. These were not specified because the primary concern is
to maintain leak-tightness.
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TABLE-11I-1

ARALTSES AND SYSTEM MONITORING CAPABILITIES
OF ACTOMATED ANALYSES SYSTEM

Analyses or lostrumentation Range Accuraey 't Readout ‘2’
Chloride Comcantration 0.100~1.0 ppm s 15 {3) Recording
(Dicoex Modal 10 0=20 ppem s

lon Chromatograpa)

Diseolwed Hydrogen Concentration 5=2000 cc/kg 52 Reccrding
(Fisher Model 1200
Gas Chromatograph)

Dissolwed Oxygen Comcsatration 0=20 ppd +l2 Repeatabilicy Indicating
(Rexnord) 0~-200 ppb Tvendor Claim)
Dissolwved Oxygen Comcantration 0.1=5 ppm s 102 Recordiag
(181) i=10 prm
1=20 ppm
Temperature (YSI) =5 to 45°C + 0,4°C (Vendor Claim) Recordiag
?E Determination p L to 13 + 0.1 (Based on Previous Indicating
(Cole = Palaer) Expearience)
Conductivity 1=500 mbo/cm (s) lodicating
(Leeds and Northrup)
Flowmeter, Line L-25 Flow - ¥o Flow (5) Indicating
Flowmeter, Line L-20 Flow = No Flow (s) Indicating
Pressure Gauge 0-100 peig +12 Indicatiag
(Rulite Pressure Transmicter) Tvendor Claim)
Temperature -~ Dissolwed 0=-50°C +12 Indicating
Oxygen Calibration System TVendor Claim)

(Cole = Palmer Thermometer)

(1) CUnless indicated otherwise, this is based ou flow tests performed with equipmect assembled by NUS,
Ten and oue-nalf inch wide paper vwas used io the strip chart reiorders for the chloride and dissolved
hydrogen concantration.

(2) All isstrumentation councerning chemistry resdout is installed ocutside the high radiation zoge.

{3) This can be reduced to + 10X if che system iz calibrated for operatiom inm this ramge.

(4) HNonlinear range with high accuracy at the low end of the range. Accuracy decreases at the other end of the
range.

(5) Supplied by Senmtry.
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TABLE III~-2

THE EFFECT OF PEROXIDE ON THE
CONDUCTIVITY OF BORON CONTAINING SOLUTIONS

Conductivity
Solution ID (umhos /cm)

Basic Borom Sclution with:
5

a.) 0 ppm B,")Z

b.) 100 ppm 8,02

c.) 200 ppm 3202

Boric Acid Solutiom with:

a.) 0 ppm azoz

b.) 100 ppm B .02

€.) 200 ppm ':1.,02




TABLE III-3

THE EFFECT OF PEROXIDE ON THE
CONDUCTIVITY OF DILUTE HC1 SOLUTIONS
(10N CEROMATOGRAPH SOLUTIONS)

Conductivity

2 ppm HCl with: (umhos /cm)
a.) O ppm 8,0, 26.0 3.3
b.) 10 ppm !202 24.5 25.0
¢.) 25 ppm 3202 25.0 25.0
d.) 50 ppm B0, 25.0  25.0
e.) 100 ppm 8,0, 25.0  25.0

200 ppm B,0, 25.0  25.0
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PRELIMINARY SCHEMATIC IN SIMPLIFIED FORM
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Iv.

EVALUATION OF ANALYTICAL METHOD FOR BORON

AA .

APPLICABLE SYSTEMS

The NRC has indicated that BWR's will not require boron analyses under

accident conditions. Accordingly, development of anaiytical methods for
boron analyses as discussed in this section, apply only to PWR systems. In
the event that requirements change to include boron analyses for BWR's
as is apparently indicated in Rev. 2 of Reg. Guide 1.9]] the following
methods identified in this section can be used for boron anal yses:

Remote titration with the DigiChem analyzer
2. Curcumin method
3. Dionex lon Chromatograph

Use of the fluoroborate method is not recommended for BWR's since the
response of the boron probe to the pentaborate salutions used in a BWR
during accident conditions has not been extensively investigated. No work
is recommended to develop the fluoroborate method for BWR's since the
three methods identified above are available. Remote titration with the
DigiChem analyzer is recommended over the ion chromatograph or
Curcumin method.

BACKGROUND INFORMATION

During a postulated reactor accicant in which fuel damage resul ts, fission
products are released to the reactor coclant in sufficient concentration to
contribute to the ionic characteristics of the solution. To investigate the
possible effects of fission products on analytical procedures, an estimate
was made of expected post-accident fission-product levels based on TMI
experience., Calculated reactor coalant ionic levels under design basis
post-accident conditions are listed in Table IV-L Fission product levels
listed in this table are higher than are the concentrations assumed in

earlier work performed on this project. The change was made to be




consistent with changing requirements. The original work was performed
with fission product concentrations listed in Table IV,

During a PWR accident borated water will be charged into the reactor
loops for coaling and reactivity contral. Caustic salution from the spray
additive tank is mixed with borated water and sprayed into the
containment to scavenge radiciodine and condense steam. After the
accident, the borated water, sodium hydroxide solution, and reactor water
will mix in the containment sump. The RHR pumps will take their suction
at this point and the matrix solution is established.

Table [V-2 lists the PWR parameters used to calculate the matrix effects.
The PWR parameters are for a 1100 MWe Westinghouse plant under
various accident conditions. The boron contribution from the boron
injection tank (BIT) is not included, as the reactor coolant boron level was
assumed to be 2000 ppm, a high value for operating conditions. (Boron
levels decrease during a fuel cycle from about 2000 ppm to about 10 ppm.)

Induding the BIT contribution would bias the boron level after the
postulated accident using an initial 2000 ppm reactor coclant boron level.

The sodium hydroxide used in the PWR spray additive tank is "rayon
grade." This contains chloride as an impurity. A series of measurements
made at two plants indicate the chloride concentration in spray additive
tank water in these plants is below 50 ppm. This chioride inventory when
combined with reactor and RWST water should result in sump water
chioride concentrations below | ppm. This does not consider the
contribution resulting from leaching of chloride from insulation and
concrete. End levels could, in fact, be in the order of 10 ppm based on
Three-Mile [sland experience.

NUS prepared matrix solutions for the boron analysis development pro-
gram based on normal coclant additives, the expected fission-product
levels listed in Table IV-l, and dilution and plant parameters listed in
Table [V-2. The matrix conditions simulated PWR reactor plant water
after a postulated accicent and the effects of injecting cooling water with

additives mixing and collecting in the sumps. Boron procedures under




consideration were evaluated using the boron and fission product concen-
trations listed in Table IV-1. Solutions listed in this table contained
different chloride levels including the contribution of chioride impurities

from leaching action on insulation and concrete.

Sump water will be diluted 1000 fold for analyses with resulting concen-
trations as indicated in Table IV-3. As part of the developmental effort,

boron analyses were performed on the solutions listed in this table and in
Table Iv-“o

Based on the overall results of this study, the fluoroborate selective ion
electrode technique using sulfuric acid as a catalyst, is the recommended
method for boron analysis under post-accident conditions with the
curcumin spectrophotometric procedure as a backup. It is anticipated
that titration analyses with the DigiChem analyzer will be recommended
as the primary method, once this system is qualified for in-plant use.
NUS also investigated and developed other analytical procedures to meet
post-accident requirements.

TEST OPERATIONS

Fluoroborate Selective lon Electrode

Tetrafluoroborate ion is formed upon reaction of boric acid with

hydrofluoric acid:

(1) B(OH), + 3HF = H(BF ;OH) + 2HOH
(2) H(BF,OH) + HF 3 H(BF,) + HOH
(3) H(BF)<% +BF +H

The first reaction is rapid, whereas the second reaction is rate
controlling and slow. The net reaction rate is a function of the
matrix pH, temperature, fluoride ion concentration, boric acid con-
centration, and other effects. At high and low pH levels (i.e., 12 and
2) the tetrafluoroborate ion is subject to hydrolysis. Thus, repro-
ducible formation of the tetrafiuoroborate ion is subject to many
variables.




Orion Research, Inc. manufactures a selective ion electrode sensitive
to the tetrafluorcborate ion. The sensing module contains a liquid
internal filling solution in contact with a gelled organophilic
membrane containing a fluoroborate ion-selective ion exchanger.
The theoretical response of the electrode system should result in
about -39.2 millivaits change for a factor of 10 increase in effective
tetrofluoroborate ion concentration.

The manufacturer does not give firm instructions for using the probe
g g pr

for measuring boron in the boric acid form. Because the electrode
responds to anions other than tetrafiuoroborate ion, Orion recom-
mends the use of a double junction reference cell with ammonium
sulfate salution in the ourer jacket to prevent chloride ion inter-
ference from the potassium chioride sclution used in conventiconal
single junction cells. lons in post-accident matrix salutions which
could give a 10 percent error at the 1.0 ppm boron level are:

Anion Interference Level, ppom
0.06
7
28
166
164
1060
8900

Thus, any procedure for using the fluorcborate probe must consider
the kinetics for forming tetrafluoroborate ion and the effect of other
anions in the solution.

Procedure Development

NUS selected the fallowing criteria for using the Orion fluorcborate
selective ion electrode:




Accuracy must be adequate to confirm the boration level in a

timely manner,

Reagents must be easily obtained and not include hydrofluoric
acid, a very hazardous acid if improperly used by inexperienced
personnel.

The procedure must not use more than 5 ml of a | to a 1,000
dilution of post-accident solutions.

d. Steps must be simple and easy to fallow.

Initial investigation showed that reproducibie results could be
obtained by reacting 2 5 ml sample with saturated sodium fluoride
solution and dilute hydrochloric acid for 20 minutes. The hycro-
chioric acid catalyst provided a relatively constant chloride ion
interference, and thus, a conventional singie junction reference cell
could be used. By using concentrated hydrochloric acid, the reaction
rate was sufficient for reproducible results to be obtained in 10
minutes. Developmental work performed using HCl as a catalyst is
not described here in the interest of simplifying this report. The test
results are available upon request.

Figure IV-1 shows the response of the fluoroborate probe when used
with different reference cells, The Orion single junction reference
cell provides the best sensitivity of the cells tested.

Because the chioride ion from the hydrochloric acid catalyst could
cause electrode drift at low tetrafluoroborate ion levels, NUS in-
vestigated the use of 10 N sulfuric acid. This resulted in substantial
improvement in electrode response. Interferences from chioride ions
are not necessarily important if calibration solutions and samples
have the same levels. However, interferences can reduce the system
sensitivity in addition to causing drift in the electrode response.

Figure IV-2 shows the improved responses when 10 N sulfuric acid is

used as the catalyst.




Figure [V-3 shows the relative rraction rates/electrode responses

when sulfuric acid is used. The millivaits differsnce (as a function of
time after the acid is added) for various standard solutions and the
5.0 ppm standard verify that a constant response can be measured
after 10 minutes. However, the blank solution shows possible
electrode drift. Sluggish response is characteristic of low sample
concentrations. Thus, 0.5 ppm boron is recommended as the lower
level for useful analysis on the basis of Figure [V-3 data. Determin-
ing lower boron levels in diluted post-accident samples is not
necessary, as the 0.5 ppm level in a diluted sample will clearly define
boration requirements.

Reproducibility of Procedure

The basic post-accidant boron procedure consists of adding 1.0 mi of
saturated sodium fluoride salution to 3.0 ml of boron standard and
noting the time when 0.5 mi of 10 N sulfuric acid is added. Five
minutes after the acid addition to the standard, the same reagents
are added to the sample. At eight minutes, the electrodes are
inserted into the standard salution, which is stirred, and at 10
minutes the millivalts response is adjusted to give the value on the
calibration curve. The millivoits response for the sample is recorded
at 10 minutes after the acid addition and related to the ppm boron
from the calibration curve. This analysis sequence takes approxi-
mately 20 minutes.

Once a calibration curve has been established for an electrode pair,
its use in the future is limited by the change in slope over time. The
change in slope with time should not be a major problem uniess the
electrode is used frequently, Orion gives six months as the normal
electrode life.

To evaluate the electrode siope for the boron levels of concern, NUS
performed several calibration curves under different conditions as

listed in Table IV-5. The absolute response in millivolts should




change slightly, but the siope should be relatively Zonstant over the
useful life of the electrode pair.

Tabie IV-5 gives the differences in miliivolts between the 5.0 ppm

standard and other standards. This difference is a measure of the
electrode slope. The average difference and standard deviation for
the boron standards measured with the Orion single junction refer-
ence cell after the sulfuric acid addition show that lower boron levels
give greater standard deviations. When these standard deviations in
millivalts are converted to the two sigma (95 percent) confidence
intervals and related to the calibration curve, the millivolts response
uncertainty can be related to boron level. This evaluation shows on
the basis of 10 sets of data that an unknown can be determined within
the fallowing two-sigma limits once the meter is adjusted to the 5.0
ppm response on the calibration curve:

0.5 ppm 34%, -24%
3.0 ppm 13%, -3.3%

Figure V-4 gives the average calibration curve for the 10 analysis
sets and the two-sigma confidence intervals. These data show that
reproducible responses can be obtained in terms of absolute milli-
valts. Figure IV-5 illustrates the average slope as given by the
difference between the 5.0 ppm standard and other standard. The
two-sigma millivalt spread for a given standard is higher in Figure IV-
4 (absolute millivolts) than in Figure IV-5 (difference in millivalts),
showing that small fluccuations from day to day can be accounted for
by an adjustment to give the calibration curve response.

Table IV-6 gives the analysis results of the Table V-4 matrix
solutions. The average results are well within the stated boron levels
when ihe standard deviations are converted to the two sigma
intervals. Table IV-6 data were obtained during calibrations.

Table IV-3 matrix solutions were analyzed by using the Figure IV-4

average calibration curve and the fluorborate post-accident boron




procedure recommended in this report. The analysis results are given
in Table IV-7. These data verify the adequacy of the post-accident
boron procedure to give the correct concentration within the stated
intervals and the minimal effect of matrix conditions. Thus, the
fluoroborate selective ion electrode procedure is suitable for post-
accident analysis conditions.

D. CORROSION POTENTIAL OF FLUORIDE CONTAINING WASTE SOLU-
TIONS

The waste solution from one set of analyses (including six standards to

develop calibration curve) to determine bcron concentration of an une
known sample will contain about 0.19 grams of fluoride ion. For training
operations, it is assumed that one calibration curve would be developed
and 20 unknowns would be analyzed in one day resulting in a total end
release of about 0.5 gram of fluoride, Since this salution will utimately
come in contact with stainless steel, it is necessary to consider the
corrosion potential associated with the use of fluorides.

Under normal operating conditions, waste solutions containing these
fluorides will be discharged to a radwaste facility for concentration by
evaporation fallowed by solidification in concrete. For accident condi-
tions, the waste solutions would be sclidified directly or processed by
other means. Concentration by evaporation could not be permitted
because the end solution will be too radicactive to handle. The corrosion
potential associated with each method of dispusal is discussed separately
below,

Normal Operating Conditions

Under normal operating conditions, solutions dumped to a radicactive
drain will utimately discharge to an evaporation tank containing 500-
1000 gallons of water. Assuming the evaporation tank contains 500
gallons, the addition of 0.5 gram of fluoride ion from 20 analyses to
this volume will result in an end fluoride concentration of about 0.25
ppm. The volume reduction achieved in evaporation varies between
utilities; however, a reduction of 30 percent in volume can be

considered
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reasonable. This volume reduction would result in an end fluoride
concentration of about | ppm in the waste solution from 20 beron
analyses.

With respect to pitting attack on stainiess steel, Sedriks indicates in
reference (g) that most equipment failures due to pitting are caused

by chiorine and chlorine-containing ions. Of the other halogen ions,
bromides will also cause pitting, but fiuoride and iodide salutions
show little pitting tendencies. In general, chioride concentrations of
above 100 ppm are required to achieve pitting of stainless steel.
Since fluorides are less aggressive in this respect than are chlorides,
it is concluded that a | ppm fluoride contribution in the waste
dispcsal system, resulting from the fluorobrate boron analyses, will
have no effect on pitting potential of the stainiess steel in the
evaporator.

There is little direct information concerning the cracking potential of
fluorides on stainless steel, and the work that has been done is not
well documented. Several calls were made to people who have direct
experience on this topic and they indicate that fluorides are con-
sidered less of a problem with respect to stress cracking of stainless
steel than are chlorides. Since fluorides are I~ss aggressive in this
respect than are chlorides, it can be assumed that the fluoride
concentration required to produce cracking must at least, approach
the chioride concentrations required.

Temperature in a radwaste evaporator during operation is in the
range of 200°F. Oxygen concentration in the water will be low
because the oxygen is stripped from the waste solution as it is heated
for evaporation. Under these low temperature, low oxygen condi-
tions, it is very unlikely that chloride stress-cracking could develop
at chioride concentrations below 25 ppm. Comparing this with the |
ppm fluoride concentration expected as a maximum in the radwaste
system it is concluded that the use of the fluoroborate method of
analysis is not likely to cause stress-cracking of the stainless steel in
the system.




2. Accident Cendition

There will be lower concentration of fluorides in waste solutions
associated with the fluorcborate method of analysis under accident
conditions because solutions will not be concentrated through evapor-
ation. There is virtually no potential for fluoride salutions to reach a
concentration where pitting of stainless steel is a problem.

Stress-cracking will not be a problem under accident conditions
because waste solution temperature will not exceed 100-125°F, This
temperature is too low to promote stress corrosion cracking.

3. Conclusions on the Corrosion Potential of Fluoride Solutions

a. There is no potential for pitting of stainless steel associated with
the fluoroborate method of analysis for boron under normal or
accident conditions.

b. No problem with stress-cracking of stainless steel is anticipated
from the fluoride waste salutions resulting from the use of the
fluoroborate method for boron determinations.

E. TITRIMETER ANALYSES WITH THE DIGICHEM ANALYZER

The DigiChem analyzer manufactured by lonics is designed for process
control applications, providing on-line analyses and control for continuous,
semicontinuous and batch process. It automatically performs titrimetric,
colorimetric or selective-ion analyses. A microcomputer controls the
automatic functions of sample and reagent dispensing, solution mixing,
and concentration sensing through a programmed sequence of analyses.
The work performed here was limited to the investigation of titrimetric
analyses since titration in the presence of mannitol is used to determine
boron concentration with this system.




System Operation

The test work was performed by NUS and lonics at the lonics
Laboratory in Watertown, Massachusetts. The goal was 10 perform

on-line boren analyses on acid or basic solutions containung up 10 6000

ppm boron. To perform the tests, the microcomputer was programs-

med by lonics to perform the sequence of operations required.
Information concerning the chemical parameters involved was
provided by NUS.

The instrument as it would be used in this application takes and
measures a sample from an on-line stream and performs the following

programmed operations automatically:

A fixed but programmable volume of sample is forced into the
reaction vessel. Sample volume required is on the order of 0.5 -2
ml for boron concentrations in the range of 1000 to 6000 ppm.

Low boron concentrations require higher sample volumes.

Next the instrument adds dilution water to flush the sample line

and provide sufficient valume to cover the tp of the pH probe.

If the solution is basic, as could be the case during an accident,

acid is added automatically to reduce pH to about 4.4,

A programmed volume of mannitol solution is added to the
reaction vessel. Mixing is achieved by rotation of the reaction

vessel.

The solution is titrated with NaOH to an end point pH of 3.5.
The inflection points resulting at pH 4.4 and the end point are
derived automatically to determine the volume of titrant used in
titrating the boron-mannitol complex.

The microcomputer takes the information CONCerning sample

size and NaOH titrant valume used and computes the boron




concentration. Boron concentration is printed out as ppm Dboron
on a computer tape. Digital readout of boron concentration can
also be provided locally or at some distant point.

At the conclusion of each analysis, the rotary speed of the
reaction vessel is increased to spin out the salution in the vessel.
Water is added at this time to flush the vessel by ceririfugal
force. Waste salutions can go to a gravity drain or waste tank.
The reaction vessel is manufactured of Teflon with a smooth

finish that is amenable to cleaning by simple flushing action.

Test Results

A series of boron standards and post-accident matrix samples were
prepared by lonics and NUS ard analyzed automatically with the
DigiChem analyzer. Each analysis required about seven minutes. Al
operations were controlled with the microcomputer. Chemical and

volume parameters for this test were as follows:

HCl Titrant 1.ON
NaOH Titrant Q.25 N
Mannitol Concentration | Molar
Mannitol Volume 5.4 ml
Sample Volume 4.3 ml

In the interest of time, one sample volume was used for all boron
concentrations. Results of the tests performed, as shown in Takbies
[v-3 through IV-10, indicated this was a reasonable choice for sample
volume. It is anticipated that better results could have Deen
achieved with 0.1 N alid and caustic tutrants since the inflection
point in the titration curve is more easily detected with a more dilute
acid and base. However, results obtained are acceptabie for either

routine or accident analysis conditions.

Resuts of analyses performed on a variety of Doron standarcs

prepared by and tested Dy [onics are sresented in Table [V-10, These




results are from the initial analyses performed to check out the

system. Both acid and basic boron salutions were evaluated in this

test. Average error observed was generally within +2 percent.

Maximum error observed was +3 percent.

Results of testing performed by lonics to determine reproducibility of
analyses for a 2000 ppm boron concentration are preserited in Table
IV-9. The average error observed was - 1.06 percent. Maximum error
observed was -1.35 percent. These results were obtained over a six-
hour period of continuous sampling from a single sample source. The
machine was left unattended during this period.

Results of testing performed with matrix solutions prepared by NUS
are presented in Tabie IV-10. These analyses were performed Dy NUS
with the DigiChem analyzer. The data shown in this table indi~ate
that fission-product species released to the coolant during accident
conditions wi'l not add significantly to the range of error for boron
anal yses.

It shoud be emphasized that the precision and accuracy of the
analyses probahly can be improved on ruutine applications by utilizing
lower concentrations for the acid and base titrants. This can be
verified by in-plant testing. Note in particular, the low range of
error associated with the analyses of basic boron solutions. This
deserves attention because concern has been expressed that it would
be difficult to analyze basic boron solutions under accident
conditions.

System Construction

The DigiChem systems are modular instruments that can be wall or
panel mounted. A simplified flow diagram of the system is shown in
Figure IV-6. The overall system consists of a microcomputer, a
rotary reaction cell assembly, a measurement sensor (pH probe in thus
application), and up to five sample and reagent addition modul es.




The microcomputer consists of a series of plug-in circuit boards and
the keyboard contral panel devices. A motherboard of bus lines and
connectors spread along the inside rear for alugging in the drcuit
boards as needed. The CPU board, sensor input board, analog board,
stepper control boards, and display auxiliary board are standard
items. Other boards such as the valve contral boards and current
transmitter boz 's are options in configuring a particular DigiChem.
All boards are easily replaced and are quickly available from the
vendor.

The rotary reaction cell assembly is located at the lower left of a
DigiChem enclosure. The reaction cell, fabricated from Teflon,
‘orms the heart of the assembly. As programmed, the micro-
c. mputer contrals a variable speed motor which spins t' e reaction
cel.. A cover to the reaction cell provides entrances for the sample
and reagent addition lines and the measurement sensor. Reagent
addition and sensing occurs below the surface of the sample. The
reactor cell module can be replaced as a single unit within five
minutes. The module itself can be disassembled and reassembled

within 10 minutes. Little or no special training would be required to

provide for repair or maintenance of this module. [t is assumed that
the person performing repairs would have some background in
instrument repair.

The sample and reagent addition modules are located on the bottom
right hand side of the DigiChem enclosurz. All modules are inter-
changeable with each other. The sealed plug-in modules provided a
dispensing capability for up to five fluids, such as samples, reagents,
and buffers. Three reagent and one sample addition modules would
be used in this application. The digital controlled dispensing modules
utilize a stepper-motor which pushes a plunger through a burette for
the volumetric measurement and dispenses fluids In precise
microliter increments. This method results in the highest analysis
accuracy and minimizes reagent consumption. Each pair of these
addition modules require one stepper control board in the electronics

housing for electronic and pneumatic contral.




The sample and reagent addition modules can be replaced with a
plug-in module in about five minutes. Disassembly and reassembly of
the module itself requires 10-15 minutes. The steps required to take
this module apart and reassemble it are almost self-apparent. It is
anticipated that little or no special training would be required to
provide for repair of this module.

Sliding valves are used to provide for sample or reagent addition
contral. These valves are easily removable from the system.
Disassembly of the valve itself for inspection or cdeaning can be
accomplished within two or three minutes. The valves are simple in
construction and should cause little problem in this application.

One very attractive feature of this system, is that it has manual
override capabilities for addition of the sample, titrating, rinsing, and
performing other functions. The switches invalved are located with
the microcomputer and would be outside the high radiation zone.

Operation in a Radiaticn Environment

For operation in a high radiation environment, it will be necessary to
separate the microcomputer and controls from the analyzer section.
These two units can be separated up to 25 feet without loss of signal.
Separation poses no problem if performed at the factory since the
units are of modular construction. Dimensions of the analyzer
section which would be located behind the panel shielding are

5\ 24x9x135 inches. The microcomputer and control section is 30x] 5x!1

N ——
inches. The microcomputer and control section has a seif-contained

panel and can be wall mounted.

Installation of the DigiChem analyzer can be accoraplished in the
chemical analysis panel designed by NUS. It would require installa-
tion of a tee in the sample line downstream of the five port valve. A
loop arrangement such as used for the Rexnord oxygen analyzer can
be utilized in this application.




Condlusions and Recommendations Concerning DigiChem Analyzer

The results of this work indicate that the DigiChem analyzer can be
used for boron determinations under routine or accident conditions.
The system has significant advantages over other approaches now
available for routine or accident condition boron analysis. A digital
readout in ppm boron is available within 5 to 10 minutes after
calibrating the system. Calibration requires about |0 minutes,
performed on a once per day basis. Analysis time requirements are
essentially the same for accident or routine conditions. There would
be virtually no radiation exposure invoalved because the equipment
can be operated remotely.

The DigiChem analyzer should be qualified for performing on-line
beron analyses under routine or accident conditions. Qualification

should be performed with an in-plant installation after operating

personnel had been trained in its operation. Prior to qualification
testing, the system should be lab-tested to optimize reagent
normality and sample size. NUS has submitted a propesal to CECO
Dy separate letter to perform a plant qualification test.

F. CURCUMIN SPECTROPHOTOMETRIC BORON PROCEDURE (ALTER-
NATE METHOD)

General Procedure

The purpose of this section is to indicate the steps taken to verify the
suitability of the spectrophotometric curcumin procedure for post-
accident boron analysis requirements. Actual results are not included
to reduce the size of this report. These data were reported in the
preliminary report to Commonwealth Edison. The basic goal was to
develop a quick analysis procedure for determining the boron level
within one hour of obtaining a diluted reactor water sample. The
boration of a PWR plant should result in about 2000 ppm boron, and a
1:1000 dilution would give a boron concentration suitable for the

curcumin method.




The curcumin spectrophotometric boron analysis procedure is

commonly used for low-level determinations. Briefly, the normal

procedure is performed as fallows. A water bath is set up at 55 «

2°C. One ml of sample and 4 ml of curcumin reagent are pipetted
into an evaporating dish. Boron standards may be processed with the
samples.

The solutions are evaporated to dryness in the water bath. After
cooling to ambient temperatures, the residues are dissalved in
isopropyl alcohol and diluted to 25 mi. The percent transmittance at
5340 nm is read with a spectrophctometer. The intensity of the
orange color is a function of the boron concentration (i.e., a plot of
the logarithm of the percent transmittance versus the concentration
is linear). The analysis range is from 0.2 to about 2.0 ppm. Total
analysis time is about |20 minutes.

Effects of Analysis Conditions and Matrix Effects

Because the PWR reactor coolant will contain about 2.0 ppm lithium-
7, and this water will be mixed with caustic in the sump after a
postulated accident, NUS determined the effect of analysis variables
on 1:1000 dilutions of PWR matrix samples. Three matrix conditions
were studied: reactor coolant after the accident, RWST water plus
30 percent caustic in the sump to simulate the effect of the
containment spray additive, and sump water plus reactor coalant in
the final stage of the accident. All samples with simulated reactor
water contained an ionic (nonradicactive) fission-product matrix.

Analysis variables, which may be critical during "panic" conditions
after an accident, included the following:

a. The effect of 100 percent isopropyl alcohol rather than 95
percent al<ohal.

Reduction of the water bath time from 80 minutes, the normal

procedure requirement.




c.

d.

Sensitvity of temperature control.

The benefits of an additional dilution to give a 1.0 ppm boron
salution.

Test results when statistically evaluated, show the following:

a.

b.

Poor sensitivity is achieved with 1C? percent isopropyl alcohel
should be used.

Additional dilution of the 2.0 ppm solutions to 1.0 ppm will
improve the precision, but is unnecessary.

Eighty minutes total time in the bath will give better precision
than removing the samples |5 minutes after dryness. However,
removing the sample |5 minutes after dryness will reduce the
analysis time by about 20 minutes.

1.0 cm spectrophotometer cells are adequate; 1.9 cm cells would
result in lower detection limits (and also could require sample
dilution) and increased radiation exposure.

The procedure is sensitive to many variables, including the
curcumin reagent, development time and temperature, and
analysis conditions.

Statistical Evaluation )f Procedure

The matrix samples were analyzed under different conditions to
develop precision data. A total of 64 analyses were performed on
eight different samples to investigate how deviation from the
procedure will affect analyses results. The relative standard devia-
tion for multiple analysis is about +l3 percent for post-accident
matrix solutions. The standard deviation increases to about «+17
percent if color development time is reduced or 100 percent isopropyl
alcohol is used as opposed to 95 percent alcohol recommended.
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BORON ANALYSES WITH THE ION CHROMATOGRAPH

Development work has been performed by Dionex and NUS indicating that

it will be possible to perform boron analyses with the Dionex ion
chromatograph. System modifications will be required invalving installa-
tion of another pump and ion exchange column if the analyses are to be
performed on basic boron solutions. Both boron and chiorides can be
performed with the same system. The eluent consists of a mannitol-
sodium hydroxide-sodium carbonate solution.

Resuts of this work have been published with conclusions drawn as
follows:

The ion chromatograph in its modified form represents a viable
means for performing boron and chloride analyses under accident
conditions.

The ion chromatograph does not have the accuracy required for

performing boron anal yses under routine conditions.

This method of analyses should be qualified for use under accident
conditions by an in-plant installation. NUS has submitted a proposal
to CECO by separate letter to perform a plant qualification test.

PLASMA SPECTROSCOPY ANALYSIS FOR BORON

This method of analysis can be used to determine boron concentrations of
solutions in the range below | ppm. The analysis is performed by
vaporizing the sample in a plasma jet with atomic emission analysis of the
spectra generated at the boron resonance wavelength of 249.7 or 249.3
nm. Readout of the unknown is compared to a known standard. Good
reproducibility can be achieved for boron analyses. Time required for
analyses is in the range of 15 to 30 minutes.

NUS analyzed several samples of the reference matrix solutions contain-
ing boron at the Spectrometric, Inc. Laboratory. Results indicate that




L

this approach has merit as a possible backup methed for boron analyses.
If the plasma spectroscopy method were used, installing the insTument in
a hood would be necessary to provide for containment of gaseous activity
that would be gener=ted in the plasma arc. About 5 mi of a 2,000-fald
dilution would be required to perform an analysis. About | mi of this
liquid would be vaporized with an associated release of activity. The
remaining liquid, consisting in a large part of spray droplets, would be
collected in a waste container, thus, providing protection against release
of gaseous activity, as well as liquid activity, would be necessary. The
system as designed, lends itself to the use of a hood to contain the
vaporized liquid.

The first analysis performed would involve minimal exposure. Personnel
exposure would increase with subsequent analyses because the activity,
which is vaporized in the plasma jet area, would deposit on surfaces
around and above this area, creating an ever increasing radiation fleid.
The contaminated components could be replaced at periodic intervals;
how ever, this could only be accomplished through direct manual contact
with the compeonents. Again, radiation exposure could be significant since
shielding would not be possible while making the replacement.

One added disadvantage of the plasma spectroscopy system is working
with an open or semi-open container of radiocactive solution would be
required. This creates a potential for spills with the use of this
instrument. The instrument design is such that providing hard piping to
the system would be difficult. Redesign of the sampling port and of the
plasma flame head area would be required for using hard piping. Such a
design effort would be expensive. Since a titrimeter, electrode, ion
chromatograph, and a colorimetric method are available for boron
analyses that have the advantages of lower radiation exposure and lower
equipment cost, NUS concludes that these methods should take precedent
over plasma spectroscopy.

BORONOMETER

Boron determination with a boronometer is provided by relating neutron
attenuation in the analysis stream to boron concentration in the water.
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The neutron count rate from the detector tube is converted to direct
boron concentration on the readout instrumentation. The readout in-
strumentation and detector can be separated by up to 600 feet,

Westinghouse, Combustion Engineering, Inc., and Babcock & Wilcox
Company, have boron analyzers qualified for nuclear plant use. The
Westinghouse unit has a 100 gallon constant temperature bath with &
sample flow rate of 0.1 to 0.4 gpm. One detector is used. Sample volume
in the detector assembly is about 0.6 gallon. The instrument must be
secured if sample flow is low because overheating will occur which can
damage the instrumentation. The Combustion Engineering and Babcock &
Wilcox units do not use a temperature bath. Temperature compensation is
provided in the readout instrumentation.

Combustion Engineering recommends the use of an 8 gpm sample flow
rate for their boron analyzer. Sample valume in the detector assembly is
about nine gallons. Supposedly, the larger valume provides for increased
sensitivity of detection. Four boron trifluoride tubes are used in their
detectcr arrangement.

The Babcock % Wilcox device uses polyethylene for moderation and a
neutron reflector to maximize utilization of the neutron population. With
this arrangement sample volume requirements are reduced to approxi-
mately one liter. A sample flow rate of 2 gpm is recommended to provide
for rapid sample line turnover. However, the instrument can be operated
with a static sample volume after the lines have been properly purged.
The Babcock & Wilcox analyzer has the advantages of low sample volume
requirements and system capability of operation in the static mode.
Sample volume requirements on post-accident analyses are at least a
factor of two lower than that needed for the Westinghouse or Combustion
systems.

The use of presently available boronometers is not applicable to boron
analyses during post-accident conditions because the high gamma radia-
tion fields will increase the indicated concentration. This statement is
based on theory and supported in fact by testing performed by Combustion
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Engineering. A small change in the neutron signal strength was detected
when the Combustion Engineering unit was tested in a 1000 R/hr gamma
field by the vendor. The correct readout was obtained by lowering the
detector valtage and increasing the discriminator setting. Gamma
radiation levels in the dete~tor assembly could be several orders of
magnitude higher during post-accident conditions than the 1000 R/hr used
in the Combustion Engineering test. Consequently, the noise levei will
increase by some unknown value. Theory indicates that correcting for
this noise level will be possible with appropriate changes to circuit design.

MANUAL TITRATION PROCEDURE

PWR plants commonly use the boric acid titration procedure for most
plant boron analys. Mannital is added to an appropriate sample to
partially ionize the boric acid so that the sample can be titrated with a
base. The sample size ranges from 2 ml for 1600 to 3500 ppm boron to
100 ml for less than 50 ppm boron. The sample is titrated with 0.1 M
sodium hydroxide to pH 8.5. The vaiume of standard base is related to the
boron concentration. An analysis takes about five minutes. This is not
recommended for use during post-accident conditions because of the high
radiation exposure associated with its use.

ALTERNATE SPECTROPHOTOMETRIC METHOD

A low-level spectrophciometric boron analysis method is available which
uses carminic acid for color development. The optimum range is 0.2 to 5
ppm boron. A 3-ml sample is pipetted into a flask and a few drops of
hydrochioric acid and 30 ml of concentrated sulfuric acid are added. The
mixture is cocled for 30 minutes. Carminic acid is then added and the
optimum color is developed for one hour. The color intensity is
determined with a spectrophometer, The boron level is related to the
color intensity.

The carminic acid method shows more variability than the circumin
procedure. Also a larger sample size is required. Consequently, the
curcumin method is preferred cver the carminic acid procedure.
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3.0

POST-ACCIDENT BORON PROCEDURE USING FLUOROBORATE
SELECTIVE ION ELECTRODE AND SULFURIC ACID

OBJECTIVE

This procedure is to be used for measuring post-accident diluted reactor
water boron concentration. Boron concentration in the diluted sample
should be greater than about 0.5 ppm. The estimated precision at the 95
percent confidence level is +13 percent, -3.3 percent at 2 ppm borun and +34
percent, -24 percent at 0.5 ppm boron for “stirring" samples. The analysis
time is less than 20 minutes excluding sampling, reagent preparation, and
calibration curve preparation.

EFERENCES
None

INITIAL CONDITIONS

31 A diluted reactor water sample or sump sample has Dbeen
obtained.

3,2  Samples have been prepared for analysis.
3.3 The following equipment must pe available:

3.3.1 lon meter capable of measuring in the relative millivolt
mode.

3.3.2 Fluoroborate Selective lon Electrode, Orion Model 93-05.

3.3.3 Plastic Single Junction Reference Electrode, Orion Model
90-01 with & M KCl/saturated AgCl.

3.3.4 Magnetic stirrer and micro stirring bars.

3.3.5 Plastic 30-ml beakers.
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Micro sample dishes for ciectrodes, Orion Catalog No. 92-
J0- 14,

Pipets: |. Oxford or equivalent with disposable tips, 5,
I, 0.3 ml
2. Glass, 10,5,3,2,1,05ml
Volumetric flasks, 100 ml (six).
Medicine droppers, plastic.
3.3.10 Thermometer, degress Celsius
3.3.11 Two cycle semi-logarithmic graph paper and French curve.

3.3.12 Timer

The following reagents must be avaiable or prepared:

3.6.1 Saturated sodium fluoride - add 30 grams of reagent grade

sodium fluoride to 100 ml of deionized water. Mix and
store in a dearly labeled plastic bottle.

Sulfuric acid, ION - add 28 mil of concentrated sulfuric acid
to approximately 350 ml of deionized water in a 100-ml
volumetric flask., Mix well and dilute to volume with

deionized water when cooled to room temperature.
3.8.5 Boron standard, 100 ppm (Fisher SO-B-155, or equivalent).
The fallowing standard solutions must be available or prepared:
Reference electrode filling solution, Orion 90-00-01,

-~ Ralals

Didute 10,0 mi of 1000 ppm stock boron (as boric acid)

~

solution to (UU mil with deionized water and mix. Prepare




standard boron solutions as fallows from this 100 ppm stock

solution.
ml of 100 ppm Boron ppr Boron
Salution Diluted Working Boron

to 100 ml Stancards

0.5 0.5

L 1.0

2.0 2.0

3.0 3.0

5.0 5.0

4.0 PRECAUTIONS

4.1  After a reactor accident, very high dose rates and high levels of
airborne radiocactivity may be present in unexpected locations in the
sampling building. Take precautions to keep internal and external
exposure to a minimum. These may include, but are not limited to

the following precautions:

Air sampling should be performed to determine the iodine
concentration in the sampling building.

4.1.1

When the radiclogical conditions in the sampling building
are uncertain, at least two individuals shall be sent for
sampling anc analyses.

At least one functioning high-range dose rate instrument
shall be available at all times. This normally means
carrying a suitable spare instrument.

The instruments used for survey purposes should be ion
chamber type instruments. If an instrument with a sealed
chamber (such as the PIC-6A) is not availlable, bag the
instrument to preciude internal contamination with radio-

active gases.

Dosimetry monitoring of extremities will be required dur-
ing sampling and analysis operations.
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Normally, if vent release conditions are serious enough to

activate post-accident procedures, airborne conditions in
the auxiliary building would require the use of pressure
demand type supplied air respirators by all personnel
inval ved.

Assumne that all reactor coalant samples are extremely radicactive
uniess determined otherwise by survey. Handle all liquids collected
during post-accident sampling/analysis, including dilutions, with
extreme care to prevent unnecessary personnel exposure.

Check dosimeters periodically to determine approximate exposure.

Carry out all operations in an operating fume hood to contain
activity.

The following parameters directly affect the reproducibility of the
measurements, and are items to be observed and controued.

4.3.1 Temperature variance between standards and samples must
be controlled to within a 5°C spread. Maximum tempera-
ture at which the fluoroborate SIE methed can be used is
4Q °C,

Control stirring action at a ra*e to preciude vortex forma-
tion or bubbles. Mount the magnetic stirrer in a chassis
that does not conduct heat to the sample beakers. The
stirring rate with the micro stirring bar must be constant.

The electrodes, being in plastic sheaths, are sensitive 10
electrostatic effects., Coniral factors affecting humidity,
temperature, and air flow over the electrode to reasonable

limits of fluctuation.

Ensure that no bubbles are adhering to the electrode

bottom near the membrane when making a measurement.




3.0

6.0

’.x

PROCEDURE

6.1

“. ’.5

4.5.6

4.5.7

4.5.8

4.5.9

None.

Ensure that the reference electrode is filled with Orion 90-
00-01 filling solution and that no crystals have formed
inside the reservoir. Store the reference electrode in
deionized water while not in use. Alternately 4M potas-
sium chioride solution may be used.

Do not energize the pH-millivolt meter if the electrodes
are not immersed in liquid. Use the STANDBY mode in
this case.

Store the fluoroborate electrode in air. For short periods
of time (2-3 weeks), during frequent use, such as training
and testing, store the fluoroborate electrode in deionized
water. DO NOT STORE IN FLUOROBORATE SOLUTIONS.

Soak the electrodes in deionized water for approximately
five minutes before measuring a 0.5 ppm or less boron
sample af ter measuring a 5 ppm standard or sample.

The reactions of this procedure are time dependent.
Therefore, reagent additions, electrode equilibrium times,
and measurement times must be performed as indicatec.

CHECK OF SHEETS

Calibration Curve (all millivolt readings in ABSOLUTE mode)

6.1.1

Soak the electrodes in deionized water for at least 10
minutes prior to use. The reference probe should be soaked
several hours prior to use for optimum response.



6.1.2

6.1.3

6‘1.“

6.1.5

6.1.6

6.1.7

6.1.8

6.1.9

6.1.10

Pipette 5.0 ml of deionized water (blank), 0.5, 1.0, 2.0, 3.0,
and 5.0 ppm boron standard solutions into sepacate 30-ml
plastic beakers. Insert a micro stirring bar into each
salution.

Pipette 1.0 ml of saturated sodium fluoride into the water
blank. (Do not place the pipet into the bottom of the
sodium fluoride solution. Pipette from near the top of the
salution.) Immediately pipette 0.5 ml of ION sulfuric acid
into the water blank (first sample) and start the timer.
Swirl to mix the reagents. (All times mentioned in this
procedure are based on the time after acid addition to the
first sample.)

At approximately five minutes, pipette 1.0 mi of saturzated
sodium fluoride into the 0.5 ppm standard (second sample).

At 6.0 minutes, pipette 0.5 ml of 1ON sulfuric acid into the
0.5 ppm standard (second sample) and swirl to mix.

At eight minutes, immerse the electrodes into the water
blank (first sample) at a depth of approximately 1/4 inch.

Measure the millivott response (absolute) of the stirring
salution at 10.0 + 0.1 minutes and record the reading.

'mmediately transfer approximately 0.3 mi (seven drops) of
the salution into the electrode micro dish and measure the
millivolt response (absclute) at 12 + 0.5 minutes.

Rinse the electrodes with deionized water and blot off
excess water before proceeding to the next set of measure-
ments.

At 14 minutes, immerse the electrodes into the 0.5 ppm
standard (second sample) at a depth of approximately 1/4
inch.
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6.1.13

Measure the millivolt response (absolute) of the stirring

solution at 16.0 + 0.1 minutes and record the reading.

Immediately transfer approximately 0.3 ml (seven drops) of
the salution in to the electrode micro dish. Measure the
millivolt response (absolute) at 18 + 0.5 minutes and record
the reading.

Rinse the electrodes with deionized water and blot off

excess water, Immerse the electrodes in deionized water,

Repeat the same sequence of steps (6.1.3 thre¢ h 6.1.13)
for the 1.0 and 2.0 ppm and the 3.0 and 5.0 ppi.. .tandards
as two sample sets. The time table for the water blank and
five standards is illustrated below.

TIMES FOR:

Acid Immersion Record Record
ppm  addi- of mV mV
boron tion Electrodes (stirring) (microdish)

8 10.040.1 12.
14 16.050.1 18.
8 10.030.1 12,
14 16.050.1 18.
. 10.050.1 12.
14 16.030. 4 18.

141414141414
OO0
u\.auu-u-u

OOOOOO

Plot the ppm boron on the logarithmic axis versus the
millivalt responses for the boron standards on the linear
axis of two-cycle semi-logarithmic graph paper. Using a
French curve, draw the Dest-fit curve through the data
points. Prepare a calibration curve for the samples in the
beakers (stirring) and for measurements in the micro dishes
(static).




6.2 Sample Analysis (All millivalts readings in RELATIVE mode)

6.2.1 Ensure that the electrodes have been soaked in deionized
water for at least 10 minutes prior to use.

The reference probe should be soaked several hours prior to
use for optimum response.

Pipette 5.0 ml of sample . d 5.0 ml of a boron standard
into separate plastic beakers and insert a micro stirring bar
in each solution. (The standard should be approximately
the same boron level as the sample.)

NOTE: [f the radiation level from a 5.0 ml sample is
excessive, the analysis may be performed using 1.0 ml of
sample and adding 0.20 mi of saturated sodium flouride
salution and 0.10 mi of ION sulfuric acid, reading the
millivolt response in a micro dish as indicated by the note
following Step 6.2.7. This method is not recommended and
should be used only under extreme conditions.

Pipette 1.0 ml of saturated sodium flouride into the boron
standard. Immediately pipette 0.5 ml of 1ON sulfuric acid
into the standard and start the timer. Swirl to mix. (Al
times mentioned in this section are based on the time after
acid addition to the standard solution.)

At approximately five minutes, pipette 1.0 ml of saturated
sodium flouride intc the sample.

At 6.0 minutes, pipette 0.5 ml of 10N sulfuric acia into the

sample and swirl to mix.

At e.ght minutes, immerse the electrodes into the boron
standard at a depth of approximately 1/4 inch.




Measure the millivoit response (relative) uf the stirring

boron standard solution at 10.0 + 0.1 minutes. Using the
calibration control knob on the mu .volt-pH meter, adjust
the meter readout to give the correct response for the
standard as given on the calibration curve for stirring
samples. Do not make an additional millivolts adjustment
after this step and proceed to step 6.2.8.

NOTE: If the radiation level is excessive, transfer approxi-
mately 0.3 ml. (7 drops) of the solution to an electrode
micro dish and measure the millivolt (relative) response it
12 + 0.5 minutes. Using the calibration control knob on the
pH-millivolt meter, adjust the meter readout to give the
correct response for the standard as given on the calibra-
tion curve for the micro dishes. Perform step 6.2.8.
Measure the millivolt response (relative) of the sample in
the micro dish at 18.0 + 0.5 minutes and record the

reading. Proceed to step 6.2.11.

Rinse the electrodes with deionized water and blot off

excess water before proceeding to step 6.2.9.

At 14 minutes, immerse the electrodes into the sample at a
depth of approximately i/4 inch.

Measure the millivolt response (relative} of the stirring
sample solution at 16.0 + 0.1 minutes and record the

readinz.

Determine the ppm boron in the sample from the calibra-

tion curve.

Multiply the sample boron level determined from the
calibration curve by the dilution factor (normally, 1000 for

boron sampies).




FINAL CONDITIONS

7.1

Ensure all sampling bottles and liquid samples have been properly
disposed.

Rinse electrodes with deionized water. Check radiation level of
instruments and work area to ensure spillage of sample did not occur.

Clear. work area as necessary to minimize residual radiation levels.

Store electrodes in deionized water and place the pH-millivalt meter
on "off" or "standby."




BACKUP PROCEDURE FOR BORON ANALYSIS BY CURCUMIN
SPECTROPHOTOMETRIC METHOD

OBJECTIVE

This procedure is to be used as a backup meathod to the fluoroborate method
for determining the boron concentration in reactor plant waters after a
reactor accident. The method is based on the reaction of boron with
curcumin to form a red-colored product cailed rosocyanine. The product is
dissolved in alcohol and the solution transmittance is determined spectro-
photometrically. Boron concentration in the diluted sample should be

between 0.2 to 2.0 ppm. The relative standard deviation is about +13

percent for post-accident matrix solutions. The total analysis time is about

120 miautes, excluding sampling and reagent preparation.

PRECAUTIONS

2.1 Very high dose rates and high levels of airborne radioactivity may be
present during sampling. Precautions to keep internal and external
exposure to a minimum shall be taken as indicated in Section IV of
the Fluoroborate Procedure.

The fallowing precautions pertain to the analytical procedure:
2.2.1 The same geometry evaporating dishes must be used for all
standards and samples to assure that evaporative rates are

equivalent.

The temperature of the bath must be controlled su that all
samples dry at the same rate.

The curcumin reagent must be stored under refrigeration
after preparation and not be more thar three iays old.

Use 95 percent rather than 100 percent alcohol in

preparing the curcumin reagent.




Prepare the water bath using hot tap water to fill the bath
as soon as it is known that sampling will be required for
boron analyses. The bath must be contained in an operat-
ing fume hood because there will be release of radicactive
iodine and gases during the analysis procedure. In checking
out the procedure, determine the thermostat setting for

35+2°C on the temperature controlling device and mark
the setting.

3.0 INITIAL CONDITIONS

3.1

A diluted primary cooclant sampie has been obtained containing
between 0.5 and 2 ppm boron.

The fallowing equipment must be available:

321

322

Water bath set at 55 + 2°C in an operating fume hood.
Graduated cylinders, |0 or 25 ml and 500 ml

Volumetric flasks, 25 ml, 100 mi, (000 inl

Evaporating dishes, 100 to 150 ml capacity, Vycor glass
(Corning glass), or equivalent (used for boron determination

only).

Oxford pipettes with disposable plastic tips, | ml, 4 ml, 5
mi, 15 mi, 20 ml and 5 ml Mohr pipette.

Beakers, 250 or 400 mi, wide form
Tongs, 33 cm
Rods, polyethylene

Medicine droppers




3.2.13

Filter paper, Whatman No. 30 or equivalent, and glass or
plastic funnel

Cells, 1.0 or 1.9 cm (for spectrophotometer’

Spectrophotometer, Bausch and Lomb Spectronic 20, or
equivalent

Semi-logarithm.c graph paper, dual cycle

The following reagents must be available or prepared:

3.3.1

3.3.3

95 percent isopropyl alcohol - Measure 475 mi of 100
percent isopropyl alcohal in a 500 ml graduated cylinder.
Dilute to 500 ml with water anxd mix.

Curcumin Reagent - Dissolve 40 mg of finely ground

curcumin (Eastman No. 1179, or equivalent) and 5.0 g of

oxalic acid (reagent grade) in approximately 80 ml of 95
percent isopropyl alcohal in a 100 ml vaumertric flask.
Mix, and add 4.2 ml of concentrated hydrochloric acid
(12.1M). Dilute to 100 ml with 95 percent isopropyl
alcohol.

This reagent is stable for a limited period of time under
refrigeration. Storage life under refrigeration is three
days, or one day at room temperature. The reagent color
changes to a brighter yellow upon degradation.

Boron standard, 1000 ppm (Fisher SO-B-155, or equivalent)

The fallowing standard solutions must be available or prepared:

3.4.1

Prepare a 10.0 ppm boron solution by pipetting 10.0 ml of
the 1000 ppm boron standard intc a 1000 ml valumetric
flask and dilute with deionized water. Prepare the working




standards by diluting the 10 ppm standard boron solution as

follows:

mi of 10 ppm Boron ppm Boron

Solution Diluted Boron
to 100 mi Standards

5.0 0.5

10.0 1.0

15.0 1.5

20.0 2.0

3.6.2 Prepare fresh curcumin prior to sampling if the existing
stock is more than three days old. '

3.4.3 Tests show that many variables can affect the color
development in this procedure. To minimize these effects,
the procedure includes processing standard boron solutions
along with the sampies. This may not be necessary during
a series of analyses provided that identical conditions
prevail throughout (same reagents and personnel) and that
the personnel involved are totally familiar with this proce-
dure.

CHECK OFF SHEET

4.1 None.
EOCEJURE

5., Pipette 1.0 ml of water (blank) and 1.0 ml of the 0.5, 1.G, 1.5and 2.0
ppm boren standards into separate labeled evaporating dishes. Also
pipette 1.0 mi of the diluted sample solution into two separate
evaporating dishes for duplicate analyses.

5.2  Pipette 4.0 ml of curcumin reagent into each evaporating dish. Swirl
the contents gently to mix, using long tongs to handle the two
radicactive samples.




Place each evaporating dish on the bottom of the 250 or 40C ml wide-

form beakers, using long tongs to handle the radiocactive samples.

Float the beakers in a water bath set at 5542 oy =P

Evaporate the contents of each evaporating dish to complete dryness
and note the time of dryness for each sample.

Remove the evaporating dishes from the bath at 15 minutes after the
contents appear dry and allow them to cod to room temperature.

Add approximately 10 ml of 95 percent isopropyl alcohol to each
evaporating dish. Use a polyethylene rod to aid in dissalution of the
red-colored reaction product and oxalic acid.

Using a medicine dropper, transfer the contents of the evaporating
dishes to individual 25 ml! valumetric flasks which have been pre-
viously rinsed with 95 percent alcohol. Rinse the evaporating dishes
with 95 percent alcohal and add the contents to the flasks. Dilute
the contents of each flask to 25.0 ml using 95 percent alcohol.

Within one hour of dissolution of the dried product (Step 5.6),
measure the percent transmittance at 540 nm against the reagent
blank (100 percent transmittance) and record the readings for each
sample.

NOTE: If a solution appears turbid, filter through dry filter paper
directiy intc a clean, dry spectrophotometer cell.

Plot the percent transmittance for the standards on the log axis of
dual cycle semilogarimetric graph paper against concentration (linear
axis). Draw the best fit straight line through the data points.

Determine the ppm boron .n each sample from the calibration curve.

Calculate the average boron concentration for the duplicate sampies.




6.0

3.12 Multiply the average boron level by the dilution factor to determine
the sample boren concentration.

FINAL CONDITIONS

6.1 Ensure all sampling bottles and liquid samples have been properly
disposed.

6.2  Secure water bath and spectrophotometer. Check the radiation level
of the instruments and work area to ensure spillage of sample did not
occur.

6.3 Clean work area as necessary to minimize residual radiation leveis.

6.4 All workers should check their dosimeters to determine personnel
exposure during the analysis.
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TABLE IV-l

BASIS FOR FISSION = PRODUCT MATRIX SOLUTION

Radiocactive 239Pu

Decay Fission Calculated
Fission Coustant, Yield, (1) Percent Moles pes Calculazed
Product Sec Atom/Fis. Release Liter "°’ pom "’

127-1 Stable 4,938 (-3)
128~1 4,621 (=4) 1.140 (=6)
129-1 1.304 (=15) 1.511 (=2)
130-1 .298 (=3) 1.246 (=5)
131-1 9.977 (=7) 3,745 (=2)
132-1 8.426 (~=5) 5.274 (=2)
133-1 9.257 (=6) 6.930 (=2)
134~-1 2.196 7.286 (=2)
135-1 2.924 ) 6.312 (=2)
Total

.236 (=5)
437 (=13)

-~

214 (=4)
.505 (=12)
.794 (=6)
.633 (=7)
.953 (=6)
657 (=8)
632 (=7)
063 (=4)

WWLOD e = OO

133-Cs Stablie 6.973 (=2)
134m~Cs 6.634 1.650 (=6)
134=Cs 1.067 3,290 (=~6)
135-Cs 9.556 7.673 (=2)
136~Cs 6.171 ( 1.055 (=3)
137-Cs 7.302 6.692 (=2)
138-Cs 3.588 5.454 (=2)
139-Cs 1.2642 5.187 (=2)
Total

131 (=4)
.891 (=12)
176 (=8)
570 (=4)
676 (=7)
764 (=4)
.380 (-8)
.538 (=9)
847 (=3)

6
3
é
2
3
2
6
1l

134~Ba table 3.310 (=6)
135e~Ba 6.709 (~6) 2.880
135-Ba Stable 7.473
136~Ba Stadle 1,056 |
137 ~Ba Stable 6.695
138-Ba Stable 5.662
135-3a 1.387 (=4) €.642
140-Ba 6.273 (=7) $.571
141-Ba 6.313 (=4) 5.326
142-Ba 1.080 (~3) 4,841
Total

. 700
. 240
.190 (
.093
.962
.65%
12
634
402
.339
.889

TETELSE 2 SRR Tl

137-La 3.663 (~13) 4.720
138~La 2.099 (=19) 1.210
139-La Stable 5.642
140-La 4,786 (=6) 5.582
l41-La 975 (=5) 5.360
142-La .250 (=4) 4.999
Total

.383
.008
.653
.086
622
.087
.660

S SV I« Sl T




TABLE IV-~l
BASIS FOR FISSION-PRODUCT MATRIX SOLUTION
PAGE 2

o
Radicactive ‘39Pu

Decay Fission Calculated

Fission Cous Yield, Percent Moles Calcul d
Product Sec FRhy Atom/Fis. (1) Release Liter ¢4] 59

138~Ce Stable 3.630 (-8) 1.064 (~11)
139-Ce 5.835 (-8) 4.860 (~-10) 4.182 (~14)
140-Ce Stable 5.582 (=2) 1.636 (=5)
141-Ce 2.466 (=7) 5.360 (=2) 1.134 (=6)
142-Ce 4,396 (=25) $.001 (=2) 1.466 (=5)
143=Ce 5.835 (=6) 4.558 (=2) 4.076 (-8)
144-Ce 2.921 (-8) 3.833 (=2) 5.636 (-6)
145=Ce 3.501 (=4) 3.075 (=2) 4.583 (-11)
146~Ce 8.136 (=4) 2.524 (=2) 1.619 (-10)
Total 3.783 (=5)

M. E. Meek and 3. F, Rider, Compilation of Fission Product Yields.
Pleasanton, Califormia: Genmeral Electric Company, Vallecitos Nuclear
Center, January 1974, NEDO-12154~-1

Based on chazin f{ission yields at 650 dags of operatiomn far a 3391 Mw,
core with a coolant volume of 11,892 ft” (oo formatiom or removal 7ia
activation ccnsidered).

Based cu natural isotope.




TABLE 1IV-2

PLANT PARAMETERS USED IN ACCIDENT EVALUATION
FOR MATRIX EFFECTS

Parameter Value Used

Seictar Valine, £1.° 11,892 ft

3

Additive During Accident:

Type 302 NaOH
2 5
Chloride Level 25-50 ppm >

Volume, gal 4000
Water in Sump:

Source RWST/Accumulators

Volume, gal 400, 000
(b)

Chloride Level <l ppm
Thermal Power 3, 391 HW(:)

650 days

This is the chloride level in the spray additive tank solution
determined in a series of measuremeuts made 1n two PWR reactor
plaats.

Based on the chloride inventory available in the spray additive
tank solution. This could increase to 10 ppm or more from
leaching action on insulation and cement.
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TABLE IV-6

ANALYSIS RESULTS FOR DILUTIONS OF REACTOR WATER
FOR DIFFERENT MATRIX CONDITIONS (DETERMINED DURING CALIBRATIONS)

Standard Measured Measured
Date Curve Used Sample ppm Borom aV ppm Borom Coument
May 30, 1980 1 B 2.00 259.0 1.98
June 9, 1980 5 B 2.00 259.0 2.62 Electrode used after
F 2.00 260.6 2,48 being dry for about
| 2.00 264.7 2.01 a week - drift noted.
June 9, 1980 6 g 2.00 259.2 2.10
J 2.00 259.1 2.12
L 2.00 259.3 2.08
June 9, 1980 7 BB 0.46 282.1 0.62 Run after 5 ppm
DD 0.46 285.0 0.52 standard.
FF 0.46 284.9 0.53
z 0.46 285.7 0.50
Juge 10, 1980 8 BB 0.46 284.4 0.66
DD 0.46 285.4 0.63
FF 0.46 284.8 0.65
pA 0.46 286.8 0.58
B 2.00 259.7 2.18
F 2.00 260.3 2.10
June 10, 1980 9 B 2.00 258.7 2.20
F 2.00 259.7 2.10
H 2.00 259.9 2.09
BB 0.46 286.2 0.49
DD 0.46 287.5 0.45
H 0.46 261.3 1.95
Avg. (8.D.) 2.00 260.0 (+1.6) 2.15 (+.19)

5

285.3 (#1.5) 0.56 (20.07)

avg. (8.D.)
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ANALYSIS RESULTS FOR DILUTIONS OF POST-ACCIDENT MATRIX

- e i

SOLUTIONS USING RECOMMENDED ANALYSIS PROCEDURE

Standard Used
to Adjust Meter Measured
to Calibration Curve ppm Boromn

0.50 (287.1 mv) . 0.51
0.59

3.0 (251.4 av) 256. .48
.60

2.0 (261.3 mv) . ol
.90

0.50 (287.1 aV) o7 A
. 54

.0 (261.3 mV) ) . .00
.06

.0 (261.3 mV) o .91
.98

.0 (261.3 mV) 262. . 9%
«95




TABLE 1IV-8

BORON ANALYSIS RESULTS
IONICS STANDARDS

ppm ppm Error
S le « Boron Analysis Results Avg Max
Boric Acid 5000 4953,4956,4941 -50 =59

Boric Acid 3243 3176,3178,3177,3176 =67 -69

Boric Acid 1000 1011,993,986,1023, 6 19
1019,1000,1003,1001
1009,1012,1009

3asic Borom 500 515,515,513 14 15

Boric Acid 200 203,202,202 2 3

Boric Acid 50 50,49,49 -] =1

#A 20 ppm blsok is subtracted from results.

8l

1 Error
Ay Max
-1.0 -1.18
-2.06 -2.12
0.6 1.9
2.8 3.0
1.0 1.5
-2.0 -2.0



TABLE IV-9

BORON REPRODUCIBILITY RESULTS
2000 ppm IONICS STANDARD

Analysis Analysis
Results Results

1975 1975
1977 l. 1975
1973 1975
1974 1675
1974 1974
1977 1975
1977 1977
1975 1977
1975 1998
1973 2000
1973 1974
1973 1978
1979 1981
1976 1977
1973 1977
1974 . 1977
1973 1978
1973 1981
1974 1982
1975 1977
1974 . 1978
1974 > 1978
2002 . 1977
1974 . 1981

1974

Average ervor = -]1,05%
Maximum error = -1.352




*A 20

Note:

acid VEP-A

boron VEP-C

boron VEP-F

acid - Macrix VEP-D
acid - Matrix VEP-E
acid - Matrix VEP-B
acid

acid VEP-B

acid

acid

BORON ANALYSIS RESULTS
NUS POST-ACCIDENT MATRICES

TABLE IV-10

ppm Analysis

Boron  Results*

500 508,512

2000 1973,2001,1996
2000 2013,2015

500 526,518

2000 2001,2007

2000 2012,2011

5000 4925,4933,4938
2500 2456,2462

1000 1034,1028

100 99,97

ppm blank is subtracted from results.

See Table IV-3 for composition of matrix solutions.

83

pp=m Error
Avg Max
10 12
-10 =27
14 15
22 26
4 7
12 12
-68 -75
-4 1 -44
3l 34
-2 -3

2 Error
Avg Max
2.0 2.4

-0.5 -1.35
8.7 0.7
4.4 S.2
0.2 0.35
0.6 0.6

-1.36 ~-1.5

-1.646 ~-1.76
. W | 3.4

-2.0 -3.0




FIGURE I -1
FLUOROBORATE ELECTRODE RESPONSES: 5.0 mi SAMPLE,
1.0 SATURATED SODIUM FLUCRIDE,Q.S ml I12 N HYDROCHLORIC
ACID; RESPONSES RECORDED AT 10.0 MINUTES
(5/30/80)
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FIGURE IX-2
FLUOROBORATE ELECTRODE RESPONSES: 50 mi SAMPLE, I.O mi
SATURATED SODIUM FLUORIDE, 0.5 mi IC N SULFURIC ACID;
RESPONSES RECORDED AT 10.0 MINUTES (5-30-80)

SCALE A
!

85

140 150 60 170 B 190 200 20
- SCALE 8
10 - . - -
218 228 218 245 248 282 s 289
MILLIVOLTS




FIGURE IX-3
y FLUOROBORATE ELECTRODE RESPONSES: 5.0 mI SAMPLE,
I.O mi SATURATED SODIUM FLUORIDE, 0.5 mI 10N
SULFURIC ACID (5/30/80)
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FIGURE IZ -4
AVERAGE FLUOROBORATE CALIBRATICN CURVE SHOWING TWO
SIGMA INTERVALS 5.0 mi SAMPLE, 1.0 mi SATURATED SODIUM
FLUCRIDE, 0.8 mi 10 N SULFURIC ACID (IQ TRIALS)
(ORION 90-0! SINGLE JUNCTION REFERENCE CELL)
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LORIDE ANALYSIS DEVELOPMENT

A

ION CHROMATOGRAPH ANALYSES

lon chromatograph (IC) analysis is based on ion exchange separation of the
anions causing the sample anions of different species to split into distinct
bands. The retention time of each anion species is governed by the
affinity of that ion for the active site, the eluent used, the length of
column, and the eluent fiow rate. The effluent from the separator column
is then fed to the suppressor calumn. The suppressor calumn resin (a
strong acid resin in hydrogen form) removes Li*, Na” and all other cations
except hydrogen ion. Then, all the sample anions exit sequentially in
wave form from the suppressor column as an acid since the sample cations
are exchanged for H” in the suppressor.

Na*X" + R-H+ R-Na « H'X"

Solution from the suppressor column is passe through a conductivity cell
and the resulting conductivity changes are recorded as peaks on a
recorder. Peak height is proportional to the anion concentration present.

Both anion and cation analyses can be performed by IC. Only anion
analyses are performed in this application since chloride is the item of
concern. All anions which form relatively strong acids (e.g., Cl, F, SO,

PO“, etc.) can be determined quantitatively with IC. Typically, anion

analysis are performed with an eluent containing 0.003M sodium bicarbo-
nate/0.0024 malar sodium carbonate. This eluent could not be used in this
application because it did not separate the borate and chioride peaks.

l. Mocel 10 Dionex lon Chromatograph

It was determined that this instrument, combined with an externally

attached surip chart recorder, can be used for in-line chioride




analysis under normal or pcst-accident conditions. The IC contains

eluents, regeneration salution, demineralized water, an eluent pump,

a regenerart pump, a sample injector, an anion separator column,
anion suppressor column, a conductimetric detector and meter, and
an instrument control panel. Air operated valves are used ‘or liquid
control. The flow scheme is shown in Figure V-1l.

The suppressor column is regenerated twice per day when used
continually in this application. An automated system pumgs regener-
ant solution (IN H,SO,) through the resin followed by rinse water.
Regeneration flow is opposite to normal flow.

Initial Developmental Effort

Test solutions used simulated actual solutions expected during post-
accident conditions (e.g., up to 2000 ppm B as boric acid in acid and
besic matrices with the addition of simulated fission products).
Various concentrations of chloride from 0.1 ppm to 10.0 ppm were
added to these solutions for subsequent analysis. A list of salutions
prepared and subsequenty analyzed is given in Tabie V-1,

Initial testing was performed using 2 standard three-column system
and a sodium carbonate/bicarbonate eluent. This approach proved
unsuccessful because of overlapping between the boron and chioride
peaks. Both peaks occurred at approximately three minutes after
injection. The problem was corrected after an intensive investigative
effort resulting in the following system changes:

The 3 x 150 mm precolumn was removed

The 3 x 500 mm anion separator celumn was changed to a 3 x 250

mm don separator calumn.

changed




Test Results

With the modified system, the borate peak occurs at about two
minutes and the chloride peak at six minutes. Reasonable linearity
and duplication of results were initially achieved as shown in Tabies
V-2 through V-5; however, problems developed with continued opera-
tion of the system. Chioride concentration determinations deviated
from linearity (Tables V-2 and V-3), and the time required for the
chioride peak to develop progressively decreased. The problem was
corrected with installation of new calumns. Subsequent information
developed as discussed below indicate that the problem could have
been prevented in its entirety,

The sodium tetraborate solution used for elution is very weakly
ionized, and consequently does not easily displace the more tighdy
held anions (e.g., iodide) from the separator column. As a con-
sequence, the availability of ion-exchange sites of the separator
column decreases with time in operation. Poor retention qualities
result and the time required for anions to move through the bed is
decreased. Also, as ion-exchange capacity decreases, there is
intermittent bleed-through of the tightly held ions. This bleed-
through results in an erratic base line. Correction of this problem
was achieved by addition of a strong base eluent to the system to
clean the columns on a daily base. A 0.006 molar sodium carhonate
solution is now flushed through the system prior to regeneration at
the end of the day. The carbonate ion will displace anions such as
iodide. Using this treatment followed by regeneration of the
suppressor with sulfuric acid returns the columns to a like-new
condition. Conductivity baseline conditions have substantially im-
proved with this mode of operation.

The columns that had been replaced were reinstalled and treated with
sodium carbonate eluem followed by regeneration. Complete re-
covery of the columns was achieved with respect to linearity and
reproducibility of results using this treatment. However, absalute




values for peak heights for standard solutions were diminished from
new column values.

In the work performed with the two sets of columns it was noted that
a slightly different response was observed with respect to peak height
and retention time when the calumns were changed. The con-
sequence of this development is that new calibration curves will need
to be developed when resin columns are replaced. The resin columns
should be replaced every year.

The calibration curves obtained with the new (Curve 1) versus ald
calumns (Curve 2) are shown in Figure V-2 Excellent linearity was
obtained with both sets of calumns; however; it is noted that the
slopes are different with the two sets of columns. Figures V-3 and V-
4 show the chromatograms obtained for two noints on Curve No. 2 in
Figure V-2.

The results indicate that in matrices up 10 2,000 ppm boron (acidic or
basic solutions) with fission products present, good chloride analyses
are obtained. Evaluation of this data is based on calibration Curve
No. 1 in Figure V-2. Deviation of actual sampie chioride concentra-

tion from analysis results varies about +15 percent in the range of 0.1

- 1.0 ppm chioride ion and 20-25 percent for higher chioride concen-
wrations. Variability increases at the higher chloride concentration
because peak height is not linear with change in attenuation.
However, variability can be reduced if calibration operations are
performed at the same attenuation as used for the analyses.

Similar sample data were cbtained for samples analyzed with the ald,
reconditioned columns. These data are listed in Table V-5. Although
the slope of the calibration curve differs from that obtained for new
columns (Figure V-2), accuracy of resuits was the same as that

obtained with the new columns.




4, Other {g_n Chromatograph Test Work

During post-accident conditions involving primary coolant release

many contaminants can exist in the coolant through recirculation

with sump water. Species which could conceivably be found in this
water include the fallowing:

Morphaline
Hydrazine

Ammonia

Natural and synthetic oils

Testing was performed to determine if these contaminants would

affect chloride determinations with the ion chromatograph. In

addition to this, testing was also performed to determine if the ion-
chromatographfan be used to perform low-level fluoride anal yses on
a routine basis. Results of this work are reporteu below,

a. Morpholine, Hydrazine and Ammonia

A 5 ppm morpholine standard and a 200 ppm hydrazine standard
were analyzed by ion chromatcgraphy. Figures V-5 and V-6 show
the chromatograms obtained from these sampies. No chloride

peak was noted in either sample. It was also determined that the
presence of hydrazine will not affect results where chioride is

present. " test solution containing 2000 ppm B plius | ppm ClI
and fission products was analyzed alone and after adding 3 ml of
@ 1,000 ppm hydrazine standard to 10 ml of the chloride
standard. Results shown in Figure V-7 indicate that the re-
duction in peak height noted with the hydrazine is directly

proportional to dilution effect occurring from addition of the
hydrazine solution.

One sample of water containing ammonia was tested. As

expected, no change in baseline concuctivity was noted at any

time after injection. Ammonia is removed in the strong cation

suppressor calumn with the resulting formation of pure water.,
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Two oils were tested for their efifects on chloride analysis, (1) a
natural oil (Guif Price 10W40) and (2) a synthetic oil (Mobil 1).
In this work, oil was added to a basic boron solution containing a
known amount of chloride and agitated vigorously for 15
minutes. After standing for 30 minutes, the solution was briefly
agitated again, and a sample was drawn off the bottom for
analyses after the solution was allowed to stand for five minutes.
Only basic salutions were evaluated because oil contamination
could only be present when there is release of reactor coolant to
the containment. Under these conditions, the coalant will be
basic because of the release of caustic spray 1o the containment.

The following information was obtained from these tests:

(1) The addition of both cils increases the chloride results for
standard salutions obtained by about 10 - 30 percent. This
result could well be due t0 chiorides present in the oils;
however, this was not verified Dy independent test.

The time for the chioride peak to emerge is progressively
reduced indicating adverse effect to the calumns. Organics,
and in particular oils, are known o be harmful to resins and
it can be assumed that the presence of oil contamination
will shorten column life.

At least 10 to 15 oil contaminated samples could be
analyzed under post-accident conditions without signifi-

cantly affecting results.

Table V-6 lists the data obtained Dy analyzing Solution |
(basic boron containing | ppm Cl and simulated fission
products) with and without both types of oils. Chromato-
grams of Solution | alone and Salution | with the addition of
the synthetic ol are shown in Figures V-8 and V-9 respec-

tively. Inspection of the tables and figures show the higher




value for chloride obtained after oil addition. Subseguent

cil-free chloride standards analyzed also showed higher peak
heights indicating that sere is a memory effect associated
with oil contamination.

Regeneration of the columns after analyses of the oil-
contaminated samples was performed by first injecting two,
3-ml acetone rinses to the system, followed by a 15 minute
sodium carbonate flush, and then normal regeneration. Re-
generation after the natural oil runs resulted in a return of
the calibration curve to the same slope that was obtained
prior to the sample runs. Regeneration did not result in
complete recovery of original calibration results after the
synthetic ol samples. However, good linearity with differ-
ent curve slope and reproducible results were achieved after
regeneration. Samples analyzed prior to regeneration
indicate that there was more of a memory effect with the
synthetic oil than with the natural oil. Apparently,
synthetic oils are more damaging to resins than are natural
oils.

Fluoride

Chromatograms obtained from analyzing pure NaF standards of
25, 50, 100, and 200 ppb F are shown in Figure V-10. The
fluoride peak occurs at 1.5 minutes (almost a single line). The
peak initiates at the negative dip in the baseline when only water
passes through the conductivity cell. The presence of this
negative dip prevents accurate determination of fluoride levels
below 25 ppb. Good linearity was obtained as indicated in the

calibration curve shown in Figure V-11.

Samples were also prepared with various F~ concentrations (25-
«J0 ppb F) in 100 ppm and | ppm B matrices. The F~
concentrations were determined by ion chromatography using the
calibration curve shown in Figure V-11 as the reference

standard. Table V-7 lists the data obtained. Good agreement
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was achieved between indicated and known values of standards.
These data indicate that it is feasible to perform F~ analysis in

boron matrices containing up to 100 pom boron. Lower limits of

detection for F are about 2J ppb. Accuracy of analyses is about

+10 percent. Typical chromatograms for F~ in a low level boron
matrix are shown in Figure V-12.

Attempts made to analyze E~ concentrations in solutions
containing high level boron concentrations were unsuccessful.
There is overiap between the F~ and boron peaks. No problem
was noted at low level boron concentrations because the 100 ppm

boron solution does not yield a significant peak height.

Results of this work indicate that ion chromatography could be
used to analyz: for F~ concentrations in a BWR under routine
conditions down to perhaps 25-50 ppb levels. No apparent
application for F~ determination is evident for PWR's.

lodide

An interest hid been expressed Dy Commonwealth Edison con-
cerning the feasibility of ion chromatograph analyses of primary
coolant for radicacdve iodine determinations. This holds some
promise in theory, since the iodine is released at a later ume
from the columns than 1s chioride. lodine can be present at
concentrations in the range of 20-40 ppm under refererce
accident conditions; therefore it snould be in the detectable

range with ion chromatograph.

A series of tests were performed using standard solutions con-
taining 0.5 to 100 ppm iodide. No iodide peak could e detected
at the low end of the range. There was some release of iodide at
the high end of the range, out it was not in peak form as required

tc obtain an iodide determination.




Summary of the Chioride Analvsis Development Effort

The ion chromatograph columns required for chloride analyses in
the presence of boron are:

3 x 250 mm anion separator column
6 x 250 mm anion suppressor calumn

A 0.005 molar sodium tetraborate solution is reguired as an
eiuent.

Regeneration is required about once every four hours during

continuous operation of the syztem.,

During continuous operation of the system, the columns must be
cleaned on a daily basis or every cther regeneration by pumping
0.006 maolar sodium carbonate solution through the columns for a
15-20 minute period. This is done prior to regeneration of the
suppressor column.

The calibration curve should be checked once every four samples
by analyzing a chleride standard.

New calibration curves are required when columns are changed,
since each set of caumns will show slightly different results
with respect to peak height and possibly retention time.

Calibration should be checked after making up new eluent.
Results will differ if the concentration of the new eluent differs
from the old.

Retention time for any ionic species will vary with pump stroke
setting. Pump stroke should remain constant for routine ana-
lytical use.




The system is not linear between ranges. Deviation from
linearity results because of the inherent limitations associated
with using one conductivity cell constant for measuring dilute
and concentrated solutions. Accuracy can be improved if
calibration and analyses are performed in the same range.

There is a memory effect resulting in higher chioride peak levels
associated with analyses of oil contaminated samples. This
memory effect is more pronounced with synthetic oils. Cleaning
of the columns with a sodium carbonate flush followed Dy
regeneration is required to return the columns to their original
condition.

SELECTIVE ION ELECTRODE (SIE)

The selective ion electrode (SIE) can provide for rap.. a'd accurate
determinations of chioride levels under certain conditions. Essentially,
the method invoives adjusting the pH to approximately 2 to 4 and
measuring the SIE response relative t0 a reference cell. The response in
millivolts is related to the chloride levei (i.e., for every decade change in
chioride concentration the response should change by about =59 millivaits
under ideal conditions).

In the investigative work performed, NUS selected Graphic Controls
Model PHI 91100 Ultra-Sensitive Salid State Chioride Electrode for this
study. A double-junction reference cell, Graphic Controls No. GC 54473,
was used in place of the conventional sil ver/silver chioride reference cell
o0 eliminate chlioride contamination from the reference cell fill sclution
(8 M potassium chloride saturated with silver chloride). This particular
electrode system will distinguish 10 ppb chioride from pure water, and has
a working range up to about 1.OM chioride.

To use the system, about 1.0 mi of 2.0 M nitric acid is added to 100 ml of

sample to adjust the pH and ionic strength and the electrode system
response is recorded after it has stabilized. Moderate stirring is required.

The response in millivalts is related to the chioride concentraton.




Because the post-accident reactor water will contain iodide at a signifi-

cant level, direct measurement of chioride is not feasible. The following

sections discuss removal of this interference and analysis of the matrix

salutions.

L.

lodide Oxidation by Hydrogen Peroxide

Table V-8 shows the Graphic Controls electrode response 10 iodide
levels. Table V-9 gives the response to standard chioride salutions
and the response to these solutions with 0.99 ppm iodide. Note that
as the chioride level increases, the interference from 0.99 ppm icdide
is less significant. Other calibration data are given in Table V-10.
One method of minimizing the iodide interference is to oxidize iodide
to iodate. In acidic solutions, hydrogen peroxide will effect the
desired oxidation. Figure V-13 shows that 4.0 ml of 30 percent
hydrogen peroxide will result in a stable electrode response within
eight minutes. Tests showed that lower peroxide additions result in
much longer reaction umes.

Table V-9 also gives the apparent chioride levels of the standaras
after iodide oxidation. The data shows that in the presence of 0.99
ppm iodide, chioride levels cannot be accurately measured after
hydrogen peroxide treatment. These measurements are ilustrated in

Figure V-i4.

Figure V-15 shows the electrode system response to the chioride
standards with and without peroxide addition. When compared to the
Figure V-14 data in Table V-9, tne Figure V-15 data shows the net
response is a function of the original iodide level. Thus, variable
response should be expected for a single chioride level with different
iodide levels upon peroxide treatment.

Table V-1l gives the analysis results of the PWR post-accigent
matrix samples. The millivalts readings were related 10 three

calibration curves:




The pure chioride standards.
The pure chioride standards to which iodide was added to 0.99
ppm, and then the iodide was oxidized with 4.0 ml of 30 percent

hydrogen peroxide.

The pure chioride standards with 4.0 ml of 30 percent hydrogen
peroxide.

The results are biased low relative to the first two calibration curves.

However, the results are acceptable for high chloride levels (i.e.,
greater than about 1700 ppb) when the calibration curve for the
chioride standards with the peroxide and no iodide addition are used
(ast column of Tabie V-i1).

Samples with caustic may not have been acidic enough, even though
the pH was about 4 to 5 which is within the manufacturer's

specifications. This may explain the low results for these samples.

Various techniques were used to eliminate residual hydrogen peroxide
after the reaction with iodide, including hydrazine and ferrous
compound additions. Results were unacceptable. Heating will
destroy the residual peroxide, but this is not plausible with the
volatile radicactivities, plus the electrode response is sensitive to
temperature.

Thus, evaluating chioride levels in post-accident reactor waters Dy
using SIE measurements after peroxide additions is unacceptable with
the electrode tested.

lodide Oxidation by Sodium Nitrite with Subsequent Sclvent
Extrac:on

A common radiochemical procedure for radiciodine uses solvent
extraction techniques. After oxidation-reduction steps to effect

exchange of carrier iodine with various radicactive species, iodide in




an a~idic environment is oxidized to free iodine with sodium nitrite

and extracted into 1,l,l-trichloroethane. Other steps follow.

The same technique can be used to remove iodide from the matrix
salutions. However, 1,l,l-trichioroethane should not be used witl
highly radicactive samples, as the gamma activity levels may be
sufficient to effect iodine reaction with the salvent (i.e., possible
substitution for chiorine). The author has had experience with this
probiem, and used carbon tetrachloride or cyciohexane for the
extraction. However, OSHA requirements may limit the use of
carbon tetrachloride, and cyclohexane is unacceptable because it is
lighter than water.

Figure V-16 shows the Graphic Controls electrode system response to
pure chioride standards, pure chloride standards with sodium nitrite,
and the standards spiked with 0.99 ppm iodine, which was removed
after sodium nitrite addition and solvent extraction before measure-
ment. As with the hydrogen peroxide additions, the sensitivity of the
system is decreased.

Before these measurements were performed, the chioride SIE tip was
polished with alumina per manufacturer's directions. The effect is

shown in Table V-10 which gives various calibration data.

The procedure is performed as follows: First, 100 ml of sample is

adjustad for pH and ionic strength with 2.0 M nitric acid. The pH
should be between 2 and 4. About 4 ml of carbon tetrachioride was
sext added, and finally 1.0 ml of 1.0 M sodiun nitrite solution was

added. The mixture is rapidly stirred for three to five minutes and
allowed to separate for about two minutes. The top layer (aqueous) is
poured off (alternately, the bottom layer of organic could be
drained). The solution is moderately stirred and the millivolts
reading is taken after a stable reading is obtained. The temperature

is also noteu. The millivolts is related to the chioride level.




Table V-12 gives the resuits for the PWR matrix solutions. Two sets
of measurements were made - one per procedure outlined above and a
second set to which an additional iodide addition to 0.99 ppm was
added. The results were compared to calibration data with pure
chioride standards to which 1.0 ml of 1.0 M sodium nitrite was added,
and also to chloride standards which contained 0.99 ppm iodide
extracted with carbon tetrachioride after nitrite addition. The
results show acceptable results when the former calibration data are
used, giving an average percent error of about 15 percent for chioride
levels between 176 ppb and 6254 ppb.

Table V-13 gives the results for the BWR matrix solutions. No
additional iodine spike was added to these salutions. The average
error for this set was 28 percent, which does not include a control
sample from the previous set.

These resuts show that chioride analysis after iodine removal is

feasible, but results for less than about 200 ppb chioride are marginal

because of the decreased sensitivity, Figure V-6, Other negative
features include:

A relatively large sample is required. As little as about 10 mi
may be required with an appropriately designed container.

pH adjustment is required. For samples with sodium hydroxide
(PWR) or sodium pentaboratate decahydrate (BWR), several
adjustments may be required before the optimum range s
reached.

The organic phase should be removed before the electroces are
immersed, as moderate stirring is required and organics will foul

the electrodes.

Organics will present a problem for subsequent cleanup of waste

salutions by ion exchange resin.




e. Using carbon tetrachioride may present safety problems because
of OSHA requirements.

The most promising SIE technique NUS used was to oxidize
iodide to higher oxidizable states. Higher oxidizable states
affect the chioride SIE to a much lesser extent than iodide. The
electrode sensitivity was decreased under these conditions, and
erratic responses were noted. While some indication of chloride
concentration can be obtained from this approach the method
does not have the degree of reliability that is desirable for post-
accident analyses. In addition, the technique requires large
volumes of samples and extensive handling by the analyst
resulting in excessive radiation exposure. For these reasons, the
SIE methods were ruled unacceptable for post-accident anal yses.

C. OTHER METHODS CONSDDERED

1.

y\ercuric Nitrate Titration

The mercuric nitrate titration procedure is a standard method for
chioride. First, diphenylcarbozone-bromophenal hiue indicator is
added to 100 m! of sample and the pH is adjusted. The sample is
titrated with standardized mercuric nitrate salution using a micro-
buret. The volume of titrant is related to the chioride level, The
accuracy is about +0.1 ppm for chioride values less than 0.5 and +20
percent for higher concentrations.

This method is not suitable for post-accident analysis requirements
because of the following considerations.

a. The 100 mi sample volume is prohibitive because of the radiation
level.

b. pH adjustment may be difficult for sump samples containing the
sodiun hydroxide from the spray additive tank.
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& End point color changes are difficult to perceive for many
analysts using this procedure. Relatively close contact to the
sample is required to detect the end point and this would result
in excessive radiation exposure.

Spectrophotometric Technigues

A common spectrophotometric method for chloride is performed on
waters containing 0.02 to 10 ppm chlorides. Sclutions of ferric
ammonium sulfate and mercuric thiocyanate are added to 25 ml of
sample. An orange color will develop if chicrides are present. The
intensity of the color is determined with a spectrophotometer and
related to the chioride concentration.

This simple method is not suitable for post-accident monitoring
requirements for the following reasons:

a. Handling 23 ml of undiluted sample for a spectrophotometric
method will result in very high radiation exposure.

b, lodides interfere with the method.

Turbidimetric/Nephelometric Chioride Techniques

Turbidimetric and nephelometric chioride techniques invcive the
formation of a chioride precipitate. The turbidimetric method
measures the sample turbidity, whereas the nephelometric techniques
compare the sample turbidity to standards assigned empirical values.
Chioride levels from about 0.1 to 10 ppm could be determined Dy
these methods.

These techniques are unacceptable for posi-accident monitoring
requirements for the following reasons:

a. Greater than about 25 mi of undiluted sample is required for
these techniques. This will resut in very high raaiation
exposure,

1J5




Too many matrix variables affect the sample turbidity -pH,

suspended matter, temperature, ionic environment, anc ume for

.y

development.

The fission product iodide would cause an interference.




1.0

2.0

ANALYTICAL PROCEDURE FOR
CHLORIDE ANALYSES BY ION CHROMATOGRAPHY

PURPOSE

This procedure is to be used for measuring chloride concentration for the
range of 0.1 to 20 ppm in primary coolant wate: samples. The estimated
precision is about +15 percent for the range of 0.1 to | ppm and +20 percent
for the range of 1 to 20 ppm. Accuracy of analysis for the higher range can
be improved to about- +10 percent by calibration in that range. A chloride
determination can be obtained within 15 minutes after primary coclant is
charged to the ion chromatograph.

PROCEDURE
2.1 Initial Conditions

2.1.1 The operator shall be familiar with the operating instruc-
tions of the ion chromatograph.

2.1.2 Check that 80-100 psi air or nitrogen pressure is available
to actuate the valves in the ion chromatograph.

2.1.3 Check and vent pump if air bubbles are visible in sight
glass. Venting is normally required when the eluent
containers are filled.

2.1.4 The ion-exchange columns have been recently regenerated.

2.1.5  The following reagents must be available or prepared.
Preparation of these reagents will probably be required
every 2-3 months under normal operating conditions.

2.1.5.1 0.005 M Sodium Tetraborate (NaZB“O.,'lOHzO)

Dissalve 7.63 grams of N325“07'10H20 in &
liters of deionized water. Transfer the solution
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to a four liter collapsable container provided by
the ion chromatograph vendor. Remove excess
air from the container by opening the top valves
and squeezing the container till overflow occurs.
Label the container and connect to line E-2 in
the reagent storage facility of the ion chroma-
tograph. Open the container valve and vent feed
line as indicated in the instrument manual.

%.006 M Sodium Carbonate (Na,CO

"10H,0)
-

¢ I

Dissolve 6.837 grams of sodium carbonate in four
liters of deionized water. Transfer the salution
to a four liter collapsable container, remove
excess air, and label the container. Connect to
Lune E-l in the reagent storage facility of the ion
chromatograph. Open the container valve and
vent feed lines.

IN HZSO“

Add 120 ml of concentrated sulfuric acid to four
liters of deionized water. Transfer the solution
to a four liter collapsable container, remove
excess air, and label the container. Connect it
to line REGEN SYSTEM-1 in the reagent storage
facility of the ion chromatograph. Open the
container valve and vent feed line.

Deionized Water Rinse

Fill a four liter collapsable container with
deionized water. Remove excess air from the
bottle and label. Connect it to the waterline in
the reagent storage facility. Open the container

valve and vent {eed |lines.




For PWR plants, check that the chioride calibra-
tion salution tank is over half full with standard
solution containing 2000 ppm B (as boric acid)
and | ppm chioride. Use a | ppm standard
without boron for BWR plants. A chloride
standard should be analyzed after every four
unknown samples.

System Startup

2.2.1 Place the POWER and AIR switches on.

2.2.2 Check that the INJECT switch is in the load pesition
(down) and the E-2 switch to the on position (up).

Place the SEPARATOR switch on (up position) and

suppressed calumn switch to the on position (up).

Turn the pump switch to the on position and operate
system for about 30 minutes or unti the baseline on
recorder stabilizes with the UMHOS switch in the | posi-
tion. Leave the UMHOS switch in the | position for
subsequent calibration and anal yzer cperations.

Anal yzing Standards and Samples

Refer to the attached Chemical Analysis Panel drawing (Figure lli-1)
when analyzing standards and samples.

2.3.1 Perform the following valve lineups for chioride analyzer
calibration.

2511 Check shut valves 8, 9 and 0.

Open valve 9 to pressurize the chioride calibra~

tion solution tank to 30 psig.




23.1.5

Align valve 7 to the chioride analyzer (line L-
23).

Place the INJECT switch on the analyzer to the
LOAD position.

Open valve § and allow the standard to flush
through the analyzer through lines L-25 and L-26
for a period of five minutes. Check the flow
indicator to assure that there is flow through the
line.

After five minutes, place the INJECT switch to
the INJECT position and press the events
recorder. This will inject 0.2 ml of the salution
to be analyzed and mark the time of injection on
the strip chart recorder. The chloride peak will
occur at six minutes after injection. This serves
as a reference point to determine the chioride
concentration in the subsequent unknown
samples.

The solution will be automatically flushed from
the analyzer and anion calumn. Allow approxi-

mately 30 minutes to complete this operation.

Place the inject switch on the ion chromatograph

in the load position.

Shut valves 8 and 9. Then align valve 7 to rinse
the lines-25 and L-26 with deionized water
(through line L-24) for a period of five minutes.

Secure the flush water rinse.

To analyze reactor coolant:

Align valve 7 to the chioride analyzer and open

the shutoff valve on the primary coclant inlet




line. Allow reactor coolant to flow to waste for
a period of five minutes. Check the flow meter
installed in line L-25 for flow indication.

2.3.2.2 Repeat steps 2.3.1.6 and 2.3.1.7.

2.3.2.3 If the chloride peak goes off scale the chloride
peak is above 1.5 ppm. Another determination
will be required, repeating steps 2.3.2.1 through
2.3.2.3. Set the conductivity meter on the ion
chromatograph at 3x or perhaps 10x for the
duplicate run. Rinsing of the lines is not
required between repeat determinations.

2.3.2.6 Isolate the primary coolant flov' and align valve
7 with line L-24 to rinse the lines L-25 and L-26
with deionized water for a period of five
minutes. The inject switch on the ion
chromatograph must be in the load position
during rinse operations. Secure the flush water
rinse.

2.4 Column Regeneration

2.4.1

2.4.2

Under post-accident conditions, column regeneration is
performed as soon as practicable after completing the
chioride analyses. Regeneration will significantly reduce
or virtually eliminate the resin calumns as a radiation
source.

Column regeneration is performed twice/shift if the ion
chromatograph is in continuous use. The need for column
regeneration under other conditions is indicated by a high
baseline conductivity, or a significant change in the time
for the chloride peak to occur, or change in peak height
when running the chioride standard. A sodium carbonate
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flush is performed prior to every other regeneration. Go to

step 2.4.5 if only regeneration is required.

The fallowing valve lineup is initially required for flushing
of the resin calumns.

Mode Switch Zero

El Switch Up (on)

E2 Switch Down (off)
Separator Switch Up (on)
Suppression Switch Up (on)
Pump Switch Up (on)

This valve lineup will provide for sodium carbonate flushing
of both calumns. Operate for |5-20 minutes, then turn the
El switch to the water position (down) and flush for 10

minutes.

Turn the Suppressor Switch to Bypass/Regeneration
Down).

Depress the regeneration start button. The system timer is
set to provide for a 15 minute acid regeneration followed
by a 45 minute water rinse, do not change the setting.
After one hour the system will shut off automatically and
the red ready light will be activated.




TABLE V-1

SOLUTIONS USED IN Cl ANALYSIS PROGRAM

Conc. ppm
Boron  lodide Cesium Lithium Chloride NaOH Cerium Barium
Soln 1 2000 2 10 1 1 500 - -
Soln 2 500 0.5 2.5 0.25 0.25 12.5 - -
Sola 3 250 0.25 1.25 0.125 0.125 6.25 - -
Soln & 2000 2 10 2 1 - - -
Soln 5 1000 1 5 1 0.5 - - -
Soln 6 500 0.5 2.5 0.5 0.25 - - -
Sola 7 250 0.25 1.25 0.25 0.125 - - -
Soln 8 - 1.19 6.28 - 0.05 - 0.16 0.16
Soln 9 2000 1.19 6.28 1.98 0.15 - 0.16 0.16
Soln 10 2000 1.19 6.28 1.98 0.50 - 0.16 0.16
Soln 11 2000 1.19 6.28 1.98 10.0 500 - -
Seln 12 2000 1.19 6.28 1.98 10.0 - - -
Sola 13 - - - - 0.2 - - -
Soln 14 - - - - 0.5 - - -
Soln 15 - - - - 1.0 - - -
Soln 16 - - - - 5.0 - - -
Solan 17 - - - - 10.0 - - -
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TABLE V-2

ANALYSES OF STANDARD SOLUTIONS
(NEW COLUMNS EARLY IN LIFE)

Solution No. Conc., ppb Cl~
in Table V-1 ppb Cl Scale Peak Height As Analvyzed

10 500 50. 511
10 500 50. 514

1 1,000 96.3 988
16 5,000 523 5,364

200
500
500
1,000
5,000
10,000
500
500

206
496
521
1,012
5,359
11,138
606
585

l
l
3
10
30
3
3

*An average peak height of 97.5 was obtained for the 1000 ppb standards.




TABLE V-3

CELORIDE ANALYSES RESULTS
(NEW COLUMNS LATER IN LIFE)

Solution No. Comc., ppb C1~
in Table V-1 ppb Cl- Scale Peak Height As Analyzed

4 1000 i 60 922

1 1000 1 61* 1008

2 250 1 17 281

3 125 1 - 149

11 10,000 10 770 12,727

12 10,000 10 770 12,727

14 500 1 36 595

2 250 1 16 264

*An average peak height of 60.5 was obtained for the 1.0 ppm standard.
Note in Table V-2 that a peak height of 97.5 was obtained for a 1.0 ppm
standard earlier in life for these same columms.
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TABLE V-4

SAMPLE AND STANDARD SOLUTIONS
CALIBRATION CURVE 1
(REPLACEMENT COLUMNS)

Solution No. Conc. - ppm el
in Table V-l Peak Bei;&t Actual As Analyzed

Standard¥* 34.0 1.0 0.98

10 14.0 . 0.41

9 4.0 . .13

9 5.0 13
Standard* . .98
Standard* . ’ .98

5

5

7

Standard»

2

3

5
Standard*
Standard*

5
Standard*

5

ol

7 &,

*| ppm Cl in a 2000 ppm borom sslutiom.




SAMPLE AND STANDARD SOLUTIONS
CALIBRATION CURVE 2
(RECONDITIONED COLUMNS)

Solution :
No. in Conc. = ppb Cl
Table V-2 Peak Beigbt Actual As Analvyzed

500 500
250 270
1000 930
1000 1040
500 500
250 260
120 130
569 560
250 270
1000 1020
500 550
1500 180

50 70
1000 1100

—N
w &
e o

-

1000 ppb Cl¥*
500 ppb Cl*
6
3
5
2
1000 ppb Cl¥*
10
9
8

)
-

NP r—-NuF
NWOOWOON SO
. o 2.9 REW e aix e
OO0 O0OWVMOWVMODOODOOO0O
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TABLE V-6

PEAK HEIGHT BEFORE AND AFTER ADDING OIL TO SOLUTION 1

4-4-80

Scale 1

Pump Setting 45

Eluent - 0.005 M Na, 3,0

27477
0il: Gulf Pride 10W40 Super Premium

Basic Borom and Chloride

1l ppm C1 (Soln 1) Peak Height
Sola 1 + 0il 56.0
Sola 1 + 0il 58.0
Sela 1 + 0il 58.0
Sola 1 + 0il 39.0
Soln 1 + 0il 59.0

*Peak height of initial oil free | ppm standard = 52.0.

4-15-80

Scale 1

Pump Setting 40

Eluent - 0.005 M 8123407
O0il: Mebil 1

Peak Height
Sola 1 + 0il 83.0
Sola 1 + 0il 83.0
Sola 1 + 0il 85.5
Sola 1 + 0Qil 88.5
Soln 1 + 0il 90.0

#This standard was run after analysis of the oil-contaminated
samples. The peak height observed here (62 vs. 52 for 1/4/80
results) indicate that there is a memory effect associated with
the analyses of oil-contaminated water with iom=chromatography.
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SAMPLE AND STANDARD SOLUTIONS
FLUORIDE STANDARD CURVE

TABLE V-7

Solution

25 ppb F

50 ppb F

100 ppb F

200 ppb F

150 ppb F

50 ppb F + 100 ppm B
100 ppb F + 100 ppm B
200 ppdb F + 100 ppm B
50 ppb F + 1 ppm B
100 ppb F + 1 ppm B

25 ppb F + 1 ppm B

Peak Height

119

5.5
13.0
27.0
60.0
42.0
12.0
26.0
58.5
10.5
26.5

6.0

Analysis
Results

216
152
45
95

211

96
23



TABLE V-3

EFFECT OF ICDIDE ON
GRAFHIC CONTROLS CHLORIDE EZLECTRCDE

(11/2/79)
gpm I° c Absolute Millivolts*®
0.10 24.0 165.8
1.0 23.6 336.6
10 25.5 234.0
100.3 25.4 157.9
1003 25.1 $6.3

*The response to iodide was sluggish and not reprocducible. The
readings were taken after 1.0 ml of 2.0 M HNOj was added with
moderate stirring.
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TABLE V-9

RESPONSE OF GRAPHIC CONTROLS CHLORIDE ELECTRODE
TO SOLUTIONS WITH CHLORIDE AND IODIDE
_Q1/5/79)

Solution Adjusted to 0.99 ppm I~ I~ Oxidized with 4.0 ml 30% H0)

Appareng Appareng )
pb C1 mv @ 25°C mv @ 25°C pm C1-° AmV mv @ 25°C ypm C1~ % Error"”
PP 2 - . AL Pk . BV © &0 % PE= t2 s EX

10 385.0 326.1 554 -58.9 382.6 17 +78

25 378.2 322. 632 -55.4 373. 59
50 357.6 320. 687 -54.9 370. 67
100 364.13 317. 797 357.

200 351.1 315. 864 347.

500 329.2 297.° 1727 328.

1000 3il.3 288, 2466

5000 arl.ld 10,056

10,000 253.6 18,044

A volume of 102 ml relative to a calibration volume for 101 ml.
These values must be corrected for dilution, 1.0 ml r
jodide addition and 4.0 ml for peroxide addition: 101
pilution taken into account.

is the dilution correction




[44|

Date

13-2-79
11-2-79
11-5-79
11-6-79
11-9-79

11-19-79

11-6-79

11-9-79

k3-19-719

11-9-719

TABLE V-10

CALIBRATION DATA FOR GRAPHIC CONTROLS CHLORIDE ELECTRODE
(ABSOLUTE MILLIVOLT RESPONSE AT 25.0°C)

Condition

No stirring

Moderate stirring
Moderate stirring
Moderate sti ‘ring

Electrode cleaned;
moderate stirring

Electrode cleaned;
moderate stirring

4.0 ml of 30% H20;
added, moderate stirring
(readings at 8 min.)

Electrode cleaned;
moderate stirring; 1.0 ml
of 1.0M NaNO, added

Electrode cleaned;
moderate stirring; 1.0 wml
of 1.0M NaNO2 added

Electrode cleaned;
moderate stirring; 1.0 ml
of 1.0H NaNO added -
then solution adjusted to
0.99 ppm lodlde and free
fodine extracted with
CCly and poured off

Parts per Billion (PPB) Chloride

390.6
386.5
385.0
384.2
104.6

403.4

426.3

389.4

3ar.2

381.5

380.5
383.2
378.2
380.5
400.1

400.8

423.6

jsg.o

386.8

3813.3

50

375.5
n.n
375.6
371.2
395.3

392.5

420.9

395.8

385.2

isi.4

100 200 500 1000 5000 10000
363.2  352.1  331.7 313.6 275.6 2573
366.4 352.3  329.8 312.5 273.2 255.8
364.3  350.1  329.2 311.3 27.3 253.6
361.8  348.3  227.4  311.3  272.2 254.9
82.6 367.6 347.6 330.8 291.0 272.6
381.7 369.2 348.0 330.9 290.7 272.6
406.3 387.4 356.0 336.5 293.4 274.5
95.6 376.9  374.9  360.3 314.8  295.5
W6.1  380.7 371.3  362.7 316.8 296.8
379.9  375.9  363.8 349.2 311.9 293.2
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TARLE Vv-1)

ANALYSIS RESULTS OF CILORIDES IN BWR MATRIX
SAMPLES AFTER 10DINE SXTRACTED WITH CARBON TETRACHLORIDE
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tncludes estimated chlorides from reagents

Based on calibrations with chlozide standards with 1.0 ml of 1.OM NnN()2 (pHt adjusted with 1.0 wml of 2.0 M1 llNO‘i
Coatrol from previous set: 97.5 mil diluted to 100.0 wl

Electrode reading low by approximately 2 aV per check of standards, which resul ted in high results




|

l No28407

ELUENT

ﬂpuupn

separates sample anions
in ¢ background of
Nay 8404 eluent.

-

RH
Strong ocid suppressor
resin removes cations
from the eluent and
corverts sample anions o
their acids which pass
unretarded through the
suppressor column.

CONDUCTIVITY

METER AND |
RECORDER

Conductivity maeter
quantifies amon acids
(sample ions) in 2
backgrounc of dilute
boric acid

FIGURE X -1

SAMPLE
INJECTION

| VALVE

SEPARATOR
COLUMN

SUPPRESSOR
COLUMN

(Regenerated
periodically to
remove unwanted
eluent ions)

| CONDUCTIVITY

| CELL

ANION ANALYSIS ION CHROMATOGRAPHY FLOW SCHEME

126



10 wdd
o1 60 80 hwc ?'0 90 LA €0 20 o

I =NOILVNINIL AV

e (09-2-%) 0%n 01 - Lo¥a%on Reoo0
10" 01-F00%on 9000 HLIM GINOILIGNOIIN) "ENRNI0D 010 09-C - X - 29

109-02-£)6%1 01 . L0¥aon WO00 0 'ENRNI0D MIN 08- 1 -4 D.v 1g
ton-02-£)0%n of - L0%a%on RGO0'0 ‘SNWN0D MIN 09-82 -€ © - I

SIANND NOILVHEITVD 30IMOTHD 2Z-K 38N914

LHOI3ZH XY3d

127



=mha=ad » H e @
- <> FIGURE X-3
!  — |
e K. . CHROMATOGRAM
— : o — STANDARD CI” CURVE #2
- S o n e : 1
. - - -
- -t e—r - - b Scale = |
: — $ L Pump Setting = 40
e 3 T 1
—_— ; : . Eluent~0.005M Ney8,C,
. Hy0 (4/2/80)
T~ s I !
+ o - Somple Size~0.20 mi
: " ' ' G1” Peck Occurs = 6 min
S 1 T e S
St . g 1 ] 1
= e —— . .
urmy e e el P : ; 1 —
— 1 s : 2 pegk Heights
| ——————— e e i — - " ‘ ..
= — - - 1 | ppm C1~ =48
? B LIS e 0.50 ppm C17* 23
4 &
B ————, 1 n - 3 T 't
== T == g
: - groe e T
——— . .- T . - —r
: e = ! Y
—— e " ,
s ayhemscna) Sageentens gt | R ot
1 5 (= s
= i = : Recorder Settings
" ' p—
o p—— : - o =t Span -~ 1000
p——— g [ =
- [ -
e SIS g = o e
b - —— e —————————— i — — - ) e ——— —
- h g w1 : -0 Se———
po—_— ’ - C -
- el ! e
— .- - + — ——
— e cd———io g e oo —— T ‘ E
- : —;— 4.-.._.7_.1,: . -- o -
- B — g P— - -
; E ———— A4 e » : - E: -
- = —?.—--.—1.__- — . —— : —— = ) e St Tp—————
- : s P -0 o mnd 2o
e . — e | .
- - - ,‘
z g - -; - i v
=5 "
e s s e N
s -..\., e, popp—— -
5 4 ponsl g, e e 3 i
l s e 5, pest r
o
I‘r ) Poceeg ¥
— 1 1 Vi

128



> = ‘ : FIGURE -4

: === _CHRCMATOGRAM
= —- — - . 1~ CURVE #
— - ! =t = -

- a - —

% $ : - ﬁl . - " -

e ot o : s Scale = |

. ¥ S 1 s

: — — " L Pump Setting - 40

=
s

e - — == Elueni~0.005M Na,8,0, 10
: : : HaQ (4/2/80)

T ; ~ = ——F——— =  Sampie Size-0.20 mi

— e me e  CI” Peak Cccurs =8 min.

L - — — . —— e
- - o} - . e S ————
- =
— o ") 3 ;
‘ - —
¢ 18 vy
v v 3 - T -—
F— ' T pey — LBagk_Heights,
Y L -
. - . 7 : e e 2 Q.20 ppm C1"#9.5
= y — 0.10 ppm C1 "+ 5.0
¥ i : -
h 1 2 . L e 3 e
. 1 e * &
N L e | e
--o-* + -~ -
= - : o
“
S .
- 2 s : - -
— = - i . : b
Rpa— —
4 ' -
b L
: - + — Recorder Settings
1 2 : : n - 1000
b i T SDG Q
1 ¥ ' e -
. O e Aol — - Chart Speed-0.Sem/min.
- - - —_— : — e
- :
L .4 e 1 ' o
R irpeceseen mcsigpnes o i :
| e e — | —— - p— —— ad T — ——
- .
-
e —— l‘ —— - +  —
| — g - —_— e -—
A . —— e —— : *
. —————— i . - & V-
: . ' i
e — —— = ‘ ——— b
U S J.| e S — o ——
D — — e O I. : b ——— e ———— -
R e BN e @ sl P g i » S
€ e O -t : - g— coaommimsabumnn -
gl Thesstiet Ry = - sy - e
. =
o+ e = c— - - — o ——— = —— — —L—-—‘-_,__:
— e —--{-} b e, s s = —
e =
A
 — JC‘L u— -
B uzer vers = - -
- ! w
o & s i
- ' —— - §- - e e e et e
- : s L !
- o —— et it — ~f
- - e

129




1 1
3 ! Kt
3 | >
L} ] —Y
© - E——"
z -
-
- 2 1
2 : - -
[=% ot 3
; - -
n --‘-,“ P —
2 = —— - — —
€ : —
e " oy - ‘
o i - [ENp—
yues —
i nal pup—
b # i 1
‘_ - | o > & 3
s s g s Saagges g
. ¢ apmptepiiios: Spts——
1 1
g o  — ;| -
p—— pu—  — = -
e — ] e g
- _— 3 :
L 4
I i 1 T
- 1 = 1
e !
¥ 1 (~, o
[ =
1 =l
o o !
B
— t
——
= ] :
— -
—— - .
. - - —
v - *
i 3 4
- - -
R - . a— . ——
4
3 g 1
R 1 1
- T e 2.
St I - ry
" . : - —
A
- T
= —.
rag s B == ; h
_1..- £ Y
: -4 o -
-s Sl 1
3 - "y
o e e sy =
o c—— - ————— —— — — ——————
pec oi sl PR R S—
' -
- : M + »e- 1 -
- -
g - Q wd o b
- P e
c —— = ~i
e — = =~ LB
i - ——
8 [

E ——
-t - .
- e

130

Fl
Sppm MORP!

RE X-9
|INE_CHROMATOGRAM
3/28/80

Calibration Curve =1

Scale -~ |

Pump Setting = SO

Eluent=0.005M No; 8,0, (3/28/80)
Sample Size =0.20 mi

Pegk Heights
This shows the absence of
of a CI” peak at & min.

This sampie was run three
times with the same resulls.



L L .
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FIGURE Z-10
CHROMATOGRAM
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Vi

DEVELOPMENT OF DISSOLVED HYDROGEN ANALYSIS PROCEDURES

A.

BACKGROUND

The gas analysis system shown in Figure [II-2 and discussed in Section III,
provides for the analysis of dissolved hydrogen concentration in the
primary coolant. The gas is stripped from a 30 ml liquid sample with
argon gas to yield a final gas volume of 600 cc at STP conditicns. The
resulting gas mixture is collected in a 300 cc container. Hydrogen
concentration of the gas mixture as determined by gas chromatograph is
related to dissolved hydrogen concentration in the primary coolant.

Prior to discussing the work performed on this tooic, a brief explanation is
offered concerning the terminology used in describing gas-mixtures and
gas-water systems. Gas-mixtures are referred to as ppm by volume in
this report. This is consistent with conventional terminology. For
example, a 200 ppm hydrogen standard would contain 0.02 percent or 200
cc's of hydrogen in a total volume of 1,000,000 cc's of gas. It is
convenient to use a volume basis when referring to the concentration of
an individual gas in a mixture of gases because gas is normally processed,

stored and sold on a volume basis.

In referring to dissolved gas concentration in water, conventional
terminology is to use the term cc of gas/kg of water. However, it is not
uncommon to use the term ppm which represents the standard term to
indicate concentration of gas present by weight. There is a significant
difference between ppm and cc/kg particularly with respect to hydrogen.

Conversion factors for converting cc/kg to ppm for hydrogen, nitrogen

and oxygen are indicated below:

ppm Gas
cc/kg = In Selution

0.0893
1.25
1.628




- 5,23 ¢t
Reactor coolant contains 25-35 cc/kg of hydrogen under normal operating
conditions. This could increase to around 1320 cc/kg under post-accident
conditions as indicated by calculations presented in Appendix A. Also,
there would be significant concentraticns of fission product gases in
solution as is indicated in Table VI-1. With 25 cc/kg of hydrogen in the
reactor coolant, and assuming a 30 ml sample, 0.75 cc of hydrogen will be
present in the sample to be anaiyzed. Stripoing a 30 ml sample with 600
cc of argon will result in 0.75 cc@cc = 0.125 percent (or 1250 ppm) of
hydrogen by volume in the gas sample to be analyzed. This assumes 100
percent scrubbing efficiency which apparently can be achieved with the
proper system design. Similarly, if 2000 cc/kg of hydrogen is present in
the reactor coolant, stripping a 30 mi sample with a 600 cc end volume
will result in 60 cc/600 cc = 10 percent (or 100,000 ppm) of hydrogen by
volume in the gas sample to be aniuyzed.

NUS performed testing to determine:

l. The range of hydrogen concentrations that could be analyzed using a
gas chromatograph,

2. The accuracy of analysis that can be achieved under these conditions,
3. The effect of wet gas on analysis results,

4. Other problems that might be encountered during the hydrogen
analyses.

PRIMARY COOLANT GAS CONCENTRATIONS UNDER ACCIDENT
CONDITIONS

During accident conditions there will be a significant release of fission
product gases to the primary coolant. Calculated and concentrations for
gases in solution based on NRC guidelines for core damage are indicated
in Table Vl-l. The concentrations listed in this table are sufficient to
give a peak height indication on the gas chromatograph over a wide range
on the attenuation scale. However, fission product gases will be held up
in the gas chromatograph columns for a longer period of time than is




hydrogen, consequently will not interfere with the hydrogen determina-

tion.

The assumptions used in developing Table VI-1 are as follows:

Radicactive Gas

a. Sargeant and Lundy source term

b. Reactor coolant volume of 12,700 ft3 at 2300 psia and 540 °F

c. Decay for one hour

Nonradioactive Gas

a. 3320 MW(t)
239 Py fission yields

650 days at 100 percent power

3

1.5 x IO1 m/cm2 - sec thermal flux for removal via neutron

capture
Using the assumptions listed above, the maximum fission product gas
concentrations in the gas stripped frcm a 30 ml sample of primary coolant

into a 300 cc container (24.7 psia) will be as follows:

Radioactive Gas Nonradiocactive Gas

cc/kg in cc/kg in
Coolant ppm in Gas* Coolant ppm in Gas*

Kr 2.32 138 11.90 1,184
Xe 1.32 78.6 192.14 19,100

*Gas in the 300 cc gas collection container at 24.7 psia. Sentry has
indicated that the end pressure in their gas collection container will be
10 psig or 24.7 psia.




There will be essentially no dissolved nitrogen, oxygen or argon in the
primary coolant for reasons as follows:

Nitrogen will be stripped from solution during the boiling that occurs
during a lcss of coolant accident.

Oxygen will be stripped from solution or will be consumed
gamma induced combination with hydrogen.

Argon will be stripped from solution through boiling.
INSTRUMENT OPERATION

A Fisher Model 1200 Gas Chromatograph was used for the initial study. A
Baseline chromatograph will be used in plant applications; however, this
instrument was not available at the time testing was performed. Both gas
chromatographs have similar characteristics concerning operational
requirements and restrictions in use. The Baseline can analyze over a
wider hydrogen concentration range than the Fisher instrument.

The Fisher gas chromatograph employs a ..al column, dual detector
chromatographic system to separate and measure hydrogen (and other

gases). Argon is utilized as the -arrier gas. Samples are introduced into

the gas chromatograph through a constant temperature gas sampling valve
or with a syringe through an injection port. The injected gas is swept
through two chromatographic columns by a continuous flow of argon
carrier gas. The gaseous components are absorbed on, and then released
from the columns at specific time intervals characteristic of the gas.

As cach component is eluted, a detector senses and indicates its presence
By the difference in thermal conductivity of the gas of interest relative to
that of the carrier gas.

The detection and measuring system is a thermal conductivity cell
consisting of twn matched pairs of hot wire filaments. The electrical

resistance of these filaments changes marked with small changes of




temperature. When exposed to pure carrier gas flow, the filaments reach
temperature equilibrium and cecnstant resistance, causing the bridge to be
electrically balanced. When a component of the gas sample such as
hycdrogen is carried past the filaments, the increase in thermal con-
ductivity causes the filament to lose heat. As the bridge becomes
unbalanced, a signal is sent to the recorder. The result, after a complete
sample has passed through the system, is a chromatogram with a peak for
each separate component. The height or area of the peak is proportional
to the concentration of the specific gaseous component. Concentration of
an unknown sample is determined by comparison with a known standard.

INITIAL DRY H2 STANDARD DETERMINATIONS

Initially, the peak heights and linearity of response of the instrument were
determined for dry hydrogen standards (in nitrogen) using the 0.25 cc
sample size collector originally installed with the instrument. A | cc
sample loop will be used with the Baseline instrument. The following data
shown in Table VI-2 were obtained for duplicate runs of each standard.

Chromatograms for each hydrogen standard are shown in Figures VI-]

through VI-4. The chromatograms ue--‘imiw and peaks occur in the

following order:

l. A positive peak at th~ time of injection.

2. This is followed almost immediately by a composite peak as the
sample sweeps throuy. the first column and enters the second
column.

3. The hydrogen peak occurs at about 2.5 minutes.

4. A nitrogen peak (the standards are H, in Nz) occurs at about six
minutes.

Inspection of the data shown in Table VI-2 indicates excellent linearity
was obtained among standards.

146



Linearity checks were then made for each standard at different attenua-
tion settings to determine the linearity characteristics Detween ranges.
Obviously, it will be necessary to use different attenuations 0 accom-
modate the wide range of hydrogen concentrations that can occur in the
primary coolant during an accident condition. The data cbtained from
this wurk is presented in Table Vi-3.

Linearity of the hvdrogen peak for different aftenuation settings is good
provided peak height is at some reasonable level over the baseline
indication. Some variation in linearity results at low peak levels. These
data indicate that the attenuation settings can be changed as necessary
with good linear response in signal output.

VARYING SAMPLE LOOP SIZE

Optimizing sample loop size is necessary for maintaining the flexibility of
snalyzing for wide ranges of hydrogen concentration. Of greatest
importance, however, for post-accident analysis application is reducing
sample loop size to minimi’e shielding problems.

The 0.25 cc sample loop used in the initial work was replaced with a 1.0
cc sample sized loop. Hydrogen standards were analyzed with this larger
sample volume. Data cbtained for the 1.0 cc sample loop are compared to
the expected peak heights based on the 0.25 cc sample volume data in
Table VI-4.

There is some deviation from between sample loop sizes due to small
variations in the indicated size of the sample loops. However, linearity
was obtained for the standards within a consistant sample loop size.
These results indicate that the 1.0 cc sample loop can be used for
hydrogen sampling and may be advantageous if hydrogen concentrations in
the end gas mixture are expected to be less than 100 ppm Dby volume., A
|00 ppm hydrogen concentration in the 300 ml gas collection flask as

determined with a 0.25 cc sample loop corresponds to a dissolved

hydrogen concentration of about 2 cc Hz,kg in the primary coolant. The

approximate minimal level of detection based on peak nNeignts ootained




for the 0.25 cc and 1.0 cc sample loops are about 100 ppm and 250 ppm
respectively. Thus, with a 0.25 cc sample loop and assuming perfect
stripping, it will not be possible to measurs dissolved hydrogen concen-
tration in the range below 2 cc H,/kg. The | cc loop is recommended in
this application since it covers a range below 2 cc H,/kg to the maximum
of 2000 cc/kg expected under post-accident conditions.

Chromatographs were also obtained with a 3.0 cc sample loop for
hydrogen concentrations in nitrogen gas of 200 and 500 ppm. However, it
was found that erratic recorder behavior occurred when low attenuation
settings were used with this sample loop size. The recorder pen would
sweep in the positive direction off scale and would not return to the
original baseline without manually changing the zerc baseline adjustment.
The recorder worked normally at attenuation settings of 8 or above;
however, sensitivity was lost at low hydrogen concentrations. Data
obtained with the 3.0 cc sample locp volume are given in Table VI-5.

It is possible that the Baseline gas chromatograph will behave differently
from the Fisher with use of a 3.0 cc sample loop. However, there is little
incentive to investigate the 3.0 cc sample loop since the 1.0 cc sample
loop that Baseline recommends will easily cover the range required.

The calibration curves obtained for the 0.25 cc, 1.0 c¢, and 3.0 cc sample
volumes are shown in Figure VI-3.

DRY VS. WET SAMPLES

The instrument provides for removal of moisture from the samples by
passing the sample through a Drierite column prior to entering the
chromatographic columns. In the Fisher system, the Drierite columns
may become water saturated and it may not be possible to dry gaseous
samples during post-accident conditions. Therefore, the effect of
moisture on hydrogen analyses results was checked utilizing the 0.25 cc
sample volume. Three separate methods were used for introducing the H,
standards to the instrument as follows:
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G.

Dry standards were iniected directly from the tank of gas.

Moisture saturated standards were introduced via the normal route

passing through the installed Drierite column.

Moisture saturated samples were injected by-passing the Drierite
column. The data from these tests are summarized in Table VI-6.

Figure VI-6 shows the dry vs. wet hydrogen standard calibration curves.
The standard peak heights obtained with the wet standards are approx-
imately 66 percent greater for the Fisher gas chromotagraph than those
obtained with dry samples. In addition to the difference in readout, it is
know that moisture will shorten the useful life of the columns Dy some
appreciable, though unknown amount. If it is necessary to analyze wet
samples, calibration curves should be checked more frequently (i.e., every
3-4 samples rather than once a day).

The vendor indicates that dry gas is also required with the Baseline gas
chromotagraph; however, there is less potential for introducing a wet
sample to the Baseline than to the Fisher gas chromotagraph.

EVALUATION OF HYDROGEN ANALYSIS SYSTEM DESIGN

Preparation of Standards

In the work performed with dissolved hydrogen concentrations of 125

cc Hz/kg and below, water samples containing known concerntrations

of hydrogen were prepared by circulating water through a reaction
flask containing 99.9 percent pure hydrogen ar various pressures.
Water charged into the reaction flask was sprayed through the
hydrogen atmosphere. The water used to prepare the samples was
degassed prior to introduction to the reaction flask. At least three
system volumes of hydrogen-saturated water from the reaction flask
were then pumped into a previously evacuated 30 ml sample con-
tainer. A throttling valve was used to maintain backpressure on the

system to keep the hydrogen gas in solution.




The high pressure standards were prepared as indicated above except
that the recirculation made to provide for hydrogen saturation of the
water was eliminated. A rocking autoclave was used to provide the
mixing required to achieve a saturated solution. Driving force to
move the sample through the 30 ml liquid sample container was
achieved by maintaining a constant hydrogen overpressure on the
autoclave or reaction flask as the valving was opened to permit flow.

Work performed with hydrogen concentrations below that obtained at
14.7 psia (17¢cc Hz/kg) was performed at subatmospheric conditions.
The hydrogen concentrations of the resulting solutions were deter-
mined by use of Henry's Law. The coe{ficients used in this work were
taken from the values indicated in Table VI-7. Data concerning co-
efficients for hydrogen solubility are also shown in graphical form in
Figure VI-7. This table and figure are reproduced from data
presented in reference (f).

Evaluation of Initial Sentry System
Design for Stripping Hydrogen Gas From Solution

a. Procedure

The operating procedures presented below are intended only to
describe the general sequence of operations used to perform test
operations. Operating procedures as will be used by the utilities
will be issued by separate correspondence through Sentry,

The first sequence of testing was performed under operating
conditions as follows: (Refer to Figure III-2 to follow flow path).

(1) Water samples with known hydrogen concentrations were
introduzed into the water sample container. (SF 1.2)

(2) About 300 cc of argon gas was slowly purged through SF 1.2

collecting the gas into a previously evacuated 300 cc sample
container. (EF1)
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(3) EFl was then pressurized with argon from the top of the

container to 30 psia to force all water back into SF 1.2.
Gas in the sample container was then analyzed as follows:

(a) Evacuate the systems from the vacuum source to valve
V-10. The GC sampling valve is in the sample position
during evacuation.

Turn valve V-2 to position 3-2. The pressure gauge
immediately indicates 0 psia.

Tumn valve V-2 to position l-3.

Crack open valve V-10 and close when pressure gauge
indicates 14.7 psia.

Move GC sample valve to inject position and perform

hydrogen analysis on gas scrubbed {rom solution.

This procedure provides for purging all sample lunes and
filling the gas chromatograph sample loop to 16.7 psia.
Approximately €0-70 cc of gas was consumed for each gas
sample analyzed. This was with the use of 20 feet of 1/8
inch tubing from the gas sample container EF-1 to the gas
chromatograph. Since the sample container EF-1 contains
about 300 cc of gas above atmospheric pressure, sufficient

gas was ava.able for 3-4 repeat analyses.

The test procedure was subsequently modified t purge

about 600 cc of argon gas through SF 1.2 collecting the gas
in a previously evacuated EF-1. No attempt was made t0
force water from EF-1 to SF 1.2. Gas anaylses were then

performed.




b. Results

Erratic results were obtained using the procedure where the gas
collection container was pressurized from the top of the con-
tainer to force water back into the water sample container. It
became quickly obvious that improvement was in order. Accord-
ingly, tne procedure was changed to purge the 600 cc of argon
gas used through SF 1.2. Water in varying amounts was
transported from the SF 1.2 to EF-1 contai-er using this
approach. Despite the variation in water car.yover between
successive samples, far better results were obtained using this
approach than the original approach. Results of these tests are
shown in Tabie VI-8 and plotted in Figure VI-8.

The reason for the high hydrogen values and deviation from
linearity with the initial procedure cannot be satisfactorily
explained. Contamination between successive runs is ruled out
because the gas collection container was nitrogen purged and
evacuated between runs. The problem may have been caused by
variation in water carryover during successive tests or by
stratification in the gas mixture.

No correction could be made for the change in volume resulting
in the gas collection container from carryover because volume of
the water was not constant each time. In any event, deviation
from theoretical values was greater than the +15 percent
indicated as a goal for determining dissolved hydrogen con-
centration by Commonwealth Edison.

3. Evaluation of Modified System Design
a. Modification

Other gas analyses tests performed by NUS indicate that better
!"nearity can be achieved and recovery yields will be closer to
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theoretical if the gas saturated water is sprayed into an
evacuated chamber. Also, it is obvious that it is easier t0

correct for the change in volume in the gas collection container

if the water carryover is a constant. Changes to the exisung

system were made as follows to achieve these ends. The design
used is shown in Figure VI-10.

(1) A 90 micron porous metal capped Cylinder was instalied in
the inlet to the gas collection container (EF-1). A fine
spray results when water from the sample container is
forced through this porous metal. The porous metal cylinder
consists of a Nupro sintered filter element (Cat. No. S5~
2FE-90).

Argon gas was introduced from the top of the water sample
container to force all the water into the gas collect’on con-
tainer. An alternate approach to this would be to replace
the existing 30 ml sample container with an appropriate
length of 1/4 inch tubing. The use of tubing is considered
superior as a sample vessel since eariier work performed Dy
NUS with transparent systems indicates that gas bubbles
have a propensity to remain on walls in areas where flow
velocity decreases. These gas bubbles lead to erratic
results. Purge flow time must be increased o sweep the gas

bubbles from the walls in these areas.
Procedure

Testing to evaluate the modified design was performed as

indicated below in abbreviated form.

(1) Water samples with known hydrogen concentrations were

introduced into the water sample container.

The water sample container was isolated and the argon 3as
line leading to the top of the container was pressurized to

29.7 psia.




c.

(3) The valve between the water sample container and the pre-
viously evacuated gas sample container was opened (V-9).
Immediately thereafter, the valve to the argon gas line at
the top of the water sample container was opened.

(4) Argon gas was purged through the system at a rate of about
200 cc/min until system pressure in the gas sample contain-
er (EF-1) was at 29.7 psia.

(5) Gas from the sample container was bled to the 40 mi
accumulator through the gas chromatograph sampling valve.
When system pressure was at atmospheric pressure, a bite
sample of gas was taken with the gas sampling valve for
analyses.

Results

Results of the tests performed with the modified design are
shown in Tables VI-9 and V1-10 and plotted in Figure VI-9. Good
linearity was achieved throughout the range investigated. The
lowest ievel of hydrogen measured was 4.4 cc/kg. Extrapolation
of data at the low end of the range indicates that it will be
possible to measure dissolved hydrogen concentrations of about
1-2 cc Hzlkg or lower,

Four test runs were made with a hydrogen pressure of 1014.7
psia in a reaction flask. The resulting dissolved hydrogen
concentration in water is about 1230 cc/kg at this pressure. End
resuits after stripping and analysis were about 2-5 percent below
theoretical. These data are presented in Table VI-10.

Considerable difficulty was initially involved in obtaining repro-
ducible results at the high hydrogen concentration. It * is finally
established that the problem only occurred when the gas chrom-
atograph was evacuated prior to admitting the gas to the sample
loop. No problem developed when the gas chromatograph was
operated at atmospheric pressure. The prcblem was eliminated
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4.

’.

by using a larger sample of gas to flush out the lines. It is
believed that the problem stemming from evacuation is peculiar
to the Fisher gas partitioner.

Evaluation of a Reduced Samgle Volume

An investigation was made to determine if dissolved hydrogen
analyses could be performed on a smaller sample velume. The
equipment was modified for this work as follows:

a. A coiled loop of tubing with a 10 ml liquid volume was
substituted for the 30 ml sample container, SF1.2.

b. A 150 ml gas sample container was substituted for the 300 ml
container EF .

c. Gas stripping was performed with the modified design shown in
Figure VI-10.

Testing was performed for this work using the procedure outlined in
Section VI-F-3. Results of the work presented in Figure VI-ll,
indicate that acceptable hydrogen analyses results can be obtained
with a 10 ml sample. Howver, the existing design should remain as is,
because it would be too expensive to change design at this stage of
operations. Also, there is little incentive to0 reduce liquid sample
volume now since shielding design has been fixed.

Problem Areas with Determining Dissolved Hydrogen Concentration

The work performeri indicate that the following design and operating
features are required to obtain consistent results with respect t0
determining dissolved hydrogen concentration.

a. Dead legs should be eliminated from the design of the primary
coolant sample container. Elimination of dead legs requires the
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use of three-way valves at the inlet and outlet to the liquid
sample container as shown in Figure VI-10.

The primary coolant sample container should be mounted vert-
ically with flow inlet at the bottom. This is to prevent gas
pocketing in the sample container.

While the data are not overwhelming in this respect, there is
indication that reproducibility is improved using a sample con-
tainer made of tubing rather than a 30 ml sample cylinder. The
explanation offered is the higher velocity achieved in the tubing
is more likely to sweep out all gas bubbles from the system.

Dead legs should be eliminated from the design of the gas
collection cylinder. This requires the use of a shut-off valve at
the outlet of the collection cylinder as shown in Figure VI-10.
The valve is closed during gas stripping operations to confine all
gas to the collection cylinder.

A 90 micron porous metal cap should be installed at the inlet to
the gas collection cylinder. The purpose of this porous metal cap
is to break up the water entering the gas collection cylinder into
a fine spray. This increases surface area of the water and thus
facilitates degasification.

Design of the system shculd provide for forcing all water from
the primary coolant sample container through the porous metal
cap into the gas collection cylinder.

The gas collection cylinder should be evacuated to a pressure of
1 psia or less pricr to performing gas stripping operations.

A positive pressure of about 30 psig should be imposed on the

primary coolant sample container prior to opening the valve
between the primary coociant sample container and the gas
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collection cylinder. This results in a pressure differential of
about 45 psi across the system. With this driving force, water is
forced at a rapid rate through the porous metal cap to create a
fine spray which facilitates degasification.

Best results with respect to gas stripping operations with argon

were obtained when the inlet and cutlet valve to the primary
system coolant container were opened simultaneously.

When performing stripping operations on the primary coolant
with argon gas, flow should be heid relatively constant at about
100-200 cc/min. This requires opening of the argon gas
throttling valve during the stripping operation to compensate for
the change in pressure differential across the system as pressure
increases in the gas collection cylinder.

About 2 o 3 minutes is required for the gas to mix after
performing gas stripping operations. Gas samples taken

immediately can, or probably will give errauc results.




TABLE VI-1

POTENTIAL PRIMARY COOLANT FISSION PRODUCT
GAS CONCENTRATION UNDER ACCIDENT CONDITIONS

Radiocactive Gas Non Radiocactive Gas
Intoz cc/kg Lsotope cc/kg
83 m Kr 3.015- 78 Kr -
85 Kr 2.313%0 82 Kr 3.064~2
87 Kr 6.719-4 83 Kr 2.1518
88 Kr 2.9%6-3 8 Kr 3.7605
89 Kr 1.961~-10 86 Kr 5.9590
Total Rr 2.3183 cc/kg 11.9020 ce/kg
131 m Xe 0. 6852 128 Xe 9.061-4
133 @ Xe 6.329-3 129 Xe 11.7816
133 Xe 0.6198 130 Xe 0.04754
135 m Xe 2.564~5 131 Xe 28.1340
135 Xe 8.827-3 132 Xe 41,4791
137 Xe 7.017-% 134 Xe 58.5753
138 Xe 5.065=5 136 Xe 52.1185
Total Xe 1.3202 cc/kg 192.1369 cc/kg
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TABLE VI-2

DRY HYDROGEN STANDARD ANALYSES

H. Concentration Attenuation Attenuation X

io Nitrogen Settiog Peak Height

200 ppm 1 6
200 ppm 1 6

500 ppam 14 14
500 ppm - 14

1000 ppa
1000 ppm

10,000 ppm
10,000 ppm

NOTE: ppm in gas mixtures is Dy volume.




TABLE VI-3

ATTENUATION LINEARITY DATA

Bz Conzentration Attenuation Attenuation X

in Nitrﬂgn Setting Peak Height

200 ppm
200 ppm
200 ppm
200 ppm

500 ppm
500 ppm
500 ppm
500 ppm

1000 ppm
1000 ppm
1000 ppm
1000 ppm
1000 ppm

10,000 ppm
10,000 ppm

NOTE: ppm in gas mixtures is by volume.




TABLE VI-4

1.0 cc SAMPLE VOLUME - HYDROGEN STANDARD DATA

H. Concentration Attenuation
in Nitrogen Set ting

200 pp=
200 ppm
200 pp

200 ppm
200 pp=

-0 8N -

500 ppum
500 ppw
500 ppm
500 ppa

500 ppm

L R al

1000 ppa
1006 ppa
1000 ppm
1000 pp=

- N

NOTE: ppm in gas wixtures is by volume.

Attenuation X
Peak Hci.EE

20
20
20
20
20.8

47
46
48
48
48

86
96
96
96

Expected Peak

Height Based
on 0.25 cc
Sample Data

6x4 = 24

lax4 = 56

28x4 = 11

~

|
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TABLE VI-5

3.0 cc SAMPLE VOLUME - HYDROGEN STANDARD DATA

H, Concentration Attenuation
in Nitroger Setting
200 ppm 4
200 ppm 8
200 ppm 16
200 ppm 32
200 ppm 64
500 ppm 8
500 ppm 16
500 ppm 32

NOTE: ppm in gas mixtures is by volume.

Peak

Height

Ll I I |

Attenuation X
Peak Height

2

160
128

Comment

Recorder would
return to the
baseline only
by manually
changing course
zero adjustment
Same as above

Recorder would
return to the
baseline only
by manually
changing course
zero adjusment



TABLE VI-6

DRY VS WET HYDROGEN STANDARDS

H_  Concentralion Mode of Attenuation Attenuation X

§g-kle Entry _Nﬁytting Peak Height Peak Height

1000 ppa (by volume) 28 28
1000 ppm (by volume) 28 28
1000 ppm (by volume) 29 29
1000 ppm (by volume) 28 28
1000 ppa (by voluse) y 21 42
1000 ppa (by volume) y 21 42

500 ppm (by volume) 14 14
500 ppm (by volume) 15 15
500 ppa (by volume) i 14
500 ppa (by volume)

500 ppu (by volume)

500 pym volume)

200 ppa volume)
200 ppm volume)
200 ppa volume)
200 ppm volus

- Dry gas f[rom tank
Wet gas passed through Drierite column
. Wet gas by passing Drierite coluan




TABLE VI-7

CALCULATED VALUES OF HENRY'S LAW COEFFICIENTS
s1a
cc/kg H,O

992 Confidence Limit
Correlating Lower

0. 7041 0. 6804
0.7307 0.7070
0. 7935 0.7699

0.8517 0.8281
0. 9058 0.8821
0.921 0. 904

0.921 0.901
0. 896 0. 883
0. 860 0.850

0. 8091 0.7992
0.7762 0.7668
0. 7549 0.7457

. 7038 0.6953
. 6556 0.6476
. 6099 0.6025

. 5667 0.5598
5257 0.5193
4867 0.4808

497 0.442
4las 0.409%
.3807 0.3761

. 3486
«3179
. 2885

. 2604
«2335
.2076

.1828
.15%0
.1361

. 1140
.0928
0723

ol ol
O O »-
el e
LW W an
— 00 W

.0526
.0336
.0152

OO0
(W

..
W W W
N OO v

.0103

o
—
o
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TABLE VI-8
CECO GAS SCRUBBER N,
ANALYSIS DATA WIGH PRESSUKY WESULTS

ppm M, Analysis Kesults, ppw 1} fheoret ical ppa by % Deviation
Hydrogen Overpressure in H O !l_l”l_.'g_url_ig!!ccl'l«_lg (_':(-u_lsl{l-lgl. by Volume in Gas From

in Reaction Flask (peig) ‘- By Weight  Volume ppw Weight ppu*  Collection Container** Theoretical

1014.7 puia 109 51,077 2554 53,622 -4 .
1014.7 psiae 109 51,385 2569 53,622 4.
1014, psia ' 109 52,308 2615 53,622 -2.
1004.7 psia 109 51,692 2585 53,622 -3.

sdcight ppw hydrogen 1n argon gas.
sagased on the use ol Menry's Law 1n calculating hydrogen solubility levels and a 1002 scrubbing efficiency.
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TABLE VI-9
CECO GAS SCRUBBER H_ANALYSIS (MODIFIED DESIGN)

ppm Il2 Analysis Results, ppa H Theoretical ppm by X Deviation
Hydrogen Overpressure in H O in Gas Collection Container by Volume in Gas From
in Reaction Flask (psig) E'!z./_k_l By Hegﬁt Volume ppm Weight ppm* Collection Container** Theoretical
9%.7 115.5 10.3 700C 350 6351 +102
7384 369 6351 +162
84.7 103.3 9.2 6461 323 5681 +142
5692 285 5681 +0.22
5076 254 5681 +112
6000 300 5681 +61
6076 304 5684 +72
4.7 9.1 8.1 4769 238 5010 -52
4769 238 5010 -5
64.7 78.9 7.0 4307 215 4340 -0.82
4769 238 4340 +10%
4461 223 4340 +32
54.17 66.7 59 3846 192 3669 +52
3846 192 3669 +52
44.7 54.5 4.9 3076 154 2998 +32
5320 266 2998 +17%
3076 154 2998 +32
34.7 42.3 3.8 2384 119 2327 +22
2615 131 2327 +12%
2384 119 2327 +23
2692 135 2327 +102
2307 115 2327 -0. 8%
2307 115 2327 ~-0.8%

2538 127 2327 +91



TABLE VI-9
CEQD GAS SCRUBBER Mz AHALYSIS DATA (MODIFIED DESIGN)

PAGE 2 )

Theeretical ppa by
by Volume in Gas
Collection Container** Theoretical

% Deviation
From

#Weight ppm hydrogen in argon gas.
s*gased on the use of Henry's Law in calculating

ppa Hz Analysis Results, ppm H
Hydrogen Overpressure in uzo in Gas Collection Conta
in Reaction Flask (psig) 5552[!‘ Weight Volume ppm  Weight ppu*
24,17 30.1 2.7 1692 85
1538 17
1538 17
1615 81
1692 85
14.7 17.9 1.6 1000 50
1000 50
1000 50
1000 50
9.1 11.1 0.98 692 35
692 35
3.6 4.4 0.39 250 12.5
250 12.5

1657
1657
1657
1657
1657

985
985
985
985

510
610

241
241

hydrogen solubility levels and a 1002 scrubbing efficiency.

+21
-1
-1%
-2%
+2X

+2%
+22
+22
+22

+13%
+13%

+4X
43




TABLE ViI-10
CECO _GAS SCRUBBER IIANALYSIS (INITIAL DESIGN)

891

ppm ll2 Analysis Results, ppm H Theoretical ppm by % Deviation
Hydrogen Overpressure in nzo in Gas Collection Conninet by Voluwe in Gas From
in Reaction Flask (psig) gg!zl!‘ By Weight Volume ppm Weight ppm* Collection Container** Theoretical
104.7 127.7 1.4 8000 400 71200 112
71600 380 7226 +5%
94.7 115.5 10.3 7428 371 6531 142
84.7 103.3 9.2 7000 350 5841 +202
6442 322 5841 iz
4.7 91.1 8.1 6000 300 5151 16X
64.7 718.9 7.0 5428 271 4462 +222
5142 257 4462 +162
54.7 66.7 5.9 50135 252 3772 +352
4571 229 3712 +21%
3928 196 37172 +52
44.7 54.5 4.9 3857 193 3082 +252
4000 200 3082 +302
3a.7 42.) 3.8 3000 150 2393 +252
2857 143 2393 +192
24.7 30.1 2.7 1741 87 1793 22
1857 93 1703 +92

*Weight ppm hydrogen in argon gas.
**Based or the use of Henry's Law in calculating hydrogen solubility levels and 1002 scrubbing efficiency.
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FIGURE ZI-1
200ppm H, CHROMATOGRAM

Carrier Gas - Argon

Oven Temp.- SO°C

Bridge Current - 125 mA
Somple Size-0.25¢c
Attenuation = x |

Carrier Gas Fiow - 30¢cc/min
Chart Speed “C.5"/min

Peak Height =6
H, Pegk Occurs 2.5 min.
after Injection.
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EVALUATION OF THE YSI OXYGEN ANALYZER

A.

BACKGROUND

Under normal operating conditions, system parameters concerning flow
rate and dissolved hydrogen concentration will remain relatively constant
in the Sentry sampling and analysis panel. However, under accident
conditions flow rate will be significantly lower if primary system pressure
is lost or reduced to some low pressure. There was concern that this
could affect accuracy of results with the YSI oxygen analyzer since
circulation is required for system operation. Also, a reduction in plant
pressure to 100 psig or less would reduce chemical analysis panel to some
value below the 50 or 60 psig specified for normal operation. A reduction
in pressurs could result in the evolution of hydrogen from solution
dependent on the concentration involved. The behavior of the YS3I
analyzer under conditions invalving evalution of hydrogen from soiution
was not known. Accordingly, testing was performed to investigate the
effect of these variables on performance of the YSI oxygen analyzer.

EQUIPMENT DESIGN

Design of the test loop used in the work performed is shown in Figure
VlI-1. The equipment included provided for the fouowing:

i. A 50 gallon batch source of oxygen-saturated calibration water.
2. A 50 gallon batch source of controlied oxygen content test water.
The oxygen content is controlled by sparging with nitrogen until the

desired concentration is achieved as determined by Winkler test.

3, An isolatable recirculation loop to provide for continuous hydrogen
saturation of test water.

4. A YSI oxygen probe and YSI Model readout instrumentation. Design
of the probe holder assembly is shown in Figure VII-2.



c.

S. Pumps, throtting valves, and flow meters to control and measure
flow rate.

FLOW RATE LINEARITY TESTS

Linearity tests were performed over a flow range of 547 mi/min to 30
ml/min. Testing was performed with high level (7.85 ppm or 5.5 cc O,/kg)
and low levai (0.7 ppm or 0.49 cc O,/kg) o.., geriated water. The system
was initially calibrated to indicate the correct 02 concentration at a flow
rate of about 200 mi/min. This value was selected because it is
anticipated that the system will be controlled at a flow rate of about 200
mi/min during normal operation. Flow rate through the probe was then
increased to the maximum achievable level of 547 mi/min and progres-
sively decreased to 30 mi/min. A readout of oxygen concentration was
taken at 2ach incrementai change in flow rate. Winkler analyses were
periormed at periodic intervals to determine that there was no acrual
change in oxygen concentration during the course of the test.

Results of the testing performed indicate that the YSI oxygen analyzer is
relatively insensitive to change in flow rate. The data are presented in
Tables VII-1 and VII-2. For the high level oxygenated water ‘Table VI-1)
indicated results were 102 percent of actual at a flow rate of 547 ml/min.
The data obtained for the flow range of 547 mil/min (+2 percent error) 1
58 mi/min (-5 percent error) is considered more than adequate to satisty
any plant needs.

For the low level oxygenated water (Table VI-2), no increase indicated
oxygen concentration was noted with increasing flow. However, there
was a decrease in an indicated value as flow rate was decreased below 228
mi/min. An indicated level of 75.7 percent of actual oxygen
concentration was noted at the lowest flow rate tested which was 30
mi/min. Acceptable data was obtained for the flow range of 547 ml/min
(no error) to 58 mi/min (-7 percent error).

The data developed in these tests is in marked contrast to data developed
in previous flow linearity tests. Results of the initial work performed
indicated that the YSI oxvgen analyzer was highly sensitive 10 flow rate;

181




however, it was later determined that there was a pinhole in the
membrane used in these tests. Replacement of this membrane with a new
membrane resulted in the data shown in Tables VII-] and VI-2.

THE EFFECT OF DISSOLVED HYDRCQGEN ON DISSOLVED OXYGEN
INDICATION

Testing was performed to determine if the presence of dissolved hydrogen
or pinpoint bubbles of hydrogen coming out of solution would affect
accuracy of results for the YSI analyzer. This work was performed at
three levels of oxygen concentration. One hydrogen concentration was
used in all three tests. Conditions of test for this work were as follows.

System flow rate 200 ml/min

Water temperature 75

Hydrogen concentration* 78 cc/kg or 6.96 ppm
Oxygen concentrations as 0.102, 0.68 and 0.93 ppm

determined by Winkier analyses

*Some appreciable portion of the total was present as pinpoint bubbles in
the water.

The influence of dissolved and pinpoint bubbles of hydrogen on dissolved
oxygen results are as follows.

Dissol ved Q. Indication with

_O, Concentration* 78 cc Ho/kg** Error
pem cc/kg pem cc/kg

0.102 G.071 0.102 0.071 0%
0.63 0.476 0.70 0.49 3%
0.93 0.651 C.90 0.63 -3%

* No hydrogen present.
#*+Dissol ved and pinpoint oubbles of hydrogen.
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The conclusion drawn from this work is the presence of hydrogen in
solution with pinpoint bubbles will not affect accuracy of the YSI oxygen
analyzer. Some earlier work performed indicated that large amounts of
hydrogen bubbles will affect performance of this YSI probe; however, the
membrane used in the earlier testing is now suspect because of a pinhole
in the membrane. '

In connection with the above investigation, work was also to determine
accuracy of the YSI oxygen analyzer at low level oxygen concentration as

compared to the Winkler analysis. Results of these tests are as follows.

06 Concentration

inkier Results YSI Results Error
pem O, ce O,/kg pom O, cc O,/kg
.32 0.224 0.35 0.245 9.4%
0.20 0.14 0.22 0.154 10.0%
0.10 0.07 0.102 0.071 2.0%

The data indicate that the Model 54 YSI oxygen analyzer has acceptable
accuracy at low oxygen levels. Lower limits of detection for the
instrument used are about 0.1 ppm oxygen. However, the Model 56 YSI
oxygen analyzer tha: ‘entry is installing in the CAP is a later model and
has better sensitivity than is the modei used in the NUS work. The Model
54 analyzer was used because it was immediately avail~ble.

CONCLUSIONS ON YSI ANALYSIS CAPABILITIES

I. The YSI oxygen analyzer is reiatively insensitive to flow for the
range of 58 mi/min (-5 percent error) to 547 mi/min (+2 percent
error). This assumes the use of the probe holder shown in Figure VI-
2. A change in probe haolder design can affect flow velocity in the

membrane area and thus affect results.

2. Hydrogen in sclution or pinpoint bubbles of hydrogen in the water
have no effect on oxygen readout.

3. Lower limit of detection for the YSI analyzer is 0.1 ppm or better.
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Flow Rate
-llnin

347
480
415
350
287
228
168
112
58

30

TABLE VII-]

YSI FLOW LINEARITY TEST

Actual 0
Conccntrltiun

ppm

7.85
7.85
7.85
7.85
7.85
7.85
7.85
7.85
7.85
7.85
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YSI Indicated
Level
ppm

-
w

O~ N~~~ 00 00 00 0
-
w

TP om0

Error

22

22
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-12

-52
-18.52



Flow Rate
ml/min

547
480
415
350
287
228
168
112
58
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TABLE VII-2

YS1 FLOW LINEARITY TEST

YSI Indicated
Coaccn:ra:ion

.
uoozuuuuuu
W e

o % & ¢ 8 @ ¢ » O
-

[=N-NeNeReReRele R
NNNN NN NNNN
O0O00O0O0O0OO00O0

Error

ooo0oo0coo

-32
-72
=262




I -IIK 38N9ld

ISA 3HL NO NIDOHOAH G3IAI0SSIO 40 103443 3IHL ONININY3LIO HO4 IN3INJINO3

HIZATWWNY NIOAXO O3AN0SSIG

[ 3 [
wonnos
wOI§0IqI0 ) .
dung *———DG—— v
0e9
% 3} RENETTE DL
g -
wiom

et 199 0% — —
: «,m a1 |z
¥ _

20101008
-f

L]
wog

ojdwos 0 Q

ey

&
)

owly




Z-MK INNS1Y
ATGN ISSY NI 10M IAGHS NIVAXO O0IAN0SSI0

wowes dnede prody yiim % ...ze.......a.ull.?.u..l.w -“—. o
AE L i k-

wnd Swye 0 9060 IS4

" B AL

* .y

SOOI ol 07 Tee) sbwy g moRes
ATWNISEY TTID ORIV




VIIL

REFERENCES

(a)

(b)

(e)

(d)

(e)

#)

(g)

Doman, D. R., "Gamma Irradiation Effects on Candidate Electronic,
Lighting, Optical, Instrument, and Structural Components For In-Reactor
Monitoring Equipment," HW-76263, Hanford Atomic Products Operation,
January 23, 1963.

Broadway, et al, "The Effect of Nuclear Radiation on Elastomeric and
Plastic Materials (Second Addendum)," REIC-3, Addition 2, BMI, Apri
30, 1960.

Kubota, H., "In-Field Behavior of and Cumulative Effects on Certain
Electrodes in a Gamma Field," Analytical Chemistry, Volume 42, No.
13, November 1970 (1593).

Kinderman, E. M. and Carson, W. M., U.S. Atomic Energy Comm. Rep.,
TID 280 (1949).

Kass, S. "The Corresion and Hydrogen Absorption Characteristics of
Zirconium Alloys Containing Iron and Chromium in High Temperature
Water and Steam," WAPD-TM-517, February 1968.

Anderson, T. S. "Correlation of Solubility Data For Hydrogen aad
Nitrogen in Water," WAPD-TM-633, October 1967.

Sedriks, J. A. "Corrosion of Stainless Steels," John Wiley and Sons, New
York, 1979.



APPENDIX A

DISSOLVED HYCROGEN CONCENTRATION
IN THE PRIMARY COOLANT OF A
PRESSURIZED WATER REACTOR DURING
ACCIDENT CONDITIONS



The dissolved hydrogen concentration in the primary coolant of a pressurized water
reactor during normal operations is on the order of 25 cc/kg. Some deviation from
this leve! would not be unusual; however, it is unlikely that the dissolved hydrogen
concentration will ever exceed 50 cc/kg provided that hydrogen pressure on the
volume control tank is maintained within or near specified limits.

During accident conditions the dissolved hydrogen concentration in the primary
coolant can increase from the reaction of steam with Zircaloy to form nydrogen:

vis, Ir + 2H20 = ZrOz + ZHz

Based on this reaction, one gram molecular weight of Zr (91 grams) will react with
2 gram molecular weights of steam (36 grams) to form one gram molecular weight
of ZrQO, (123 grams) and 2 gram molecular weights of hydrogen (4 grams). Two
gram molecular weights of hydrogen are equal to 44.8 liters of hydrogen gas.
However, only a very limited quantity of this hydrogen gas is released to the
coolant as discussed below.

When steam reacts with Zircaloy to form hydrogen, the hydrogen released reacts in
large part with zirconium to form the hydride. Data presented in refarence (e)
indicate that the weight of the hydrogen reacting with the zirconium will be at
least 10 percent of the weight gain attributed to the formation of ZrO, . As
indicated above, the 32 grams of oxygen reacting with one gram molecular weight
(91 grams) of zirconium will release 4 grams of hydrogen. Since at least 3.2 grams
of this hydrogen will react with zirconium, about 0.8 grams of hydrogen will be
released to the coolant. Thus, one gram molecular weight (91 grams) of zirconium
will, on conversion to ZrO.,, release 0.8 grams or 8.9 liters of gas at STP to the
primary coolant.

The release of 8.9 liters of H, gas per 91 grams of zirconium converted to ZrC, is
based on a core cladding temperature of 950°F. Actual cladding temperature
during an accident would be substantially above 950°F. This higher temperature
may result in a higher percentage of the hydrogen converting to the hydride as
indicated by the data presented in Figures A-1, A-2 and A-3. Note that the weight
percentage of hydrogen to oxygen is 3 percent at 750°F, 5 percent at 850°F and 10
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percent at 950°F. Extrapolation of this data to higher temperatures indicates that
a higher percentage of hycrogen would be converted to the hydride at a higher
temperature. However, in the absence of data at a higher temperature the hydride
formation rate at 950 °F is assumed.

The core of a typical large pressurized water reactor contains about 21.2 tons of
Zircaloy in the core cladding material. Consideration of core damage is limited to
the cladding since only this area will attain the temperature required to 2<hieve
rapid degradation of the Zircaloy. In calculating the hydrogen released, it is
assumed that about 40-30 percent of the core cladding suffers major damage and
30 percent of the core (6.63 tons) is converted to the oxide form. This is probably
a pessimistic assumption.

Conversion of 6.63 tons of zirconium to the oxide is equivalent to 63,460 gram
molecular weights of zirconium.

(6.63 tons x 2000 u;slxgn"::sugms/’b) = 63,460 GMW

[t was indicated earlier that one gram molecular weight of Zirconium will, on
conversion to the oxide form, release 8.9 liters of gas to add to the inventory in the
coolant. Thus the conversicn of 6.63 tons of zirconium to the oxide form will
release about 564,300 liters of hydrogen at STP to the zoolant.

A substantial volume of ihe core will be in the steam phase under an accident
condition. This must be assumed since only very limited damage can occur to the
core in the absence of a steam bubble. The volume that will be in the steam bubble
is subject to conjecture, however would probably be in excess of 500 ft3 . This
volume must be taken into consideration in calculating the end concentration of
gas in the primary coolant since a large percentage of the hydrogen releasad
remains in the steam phase. There is substantially more hydrogen per unit volume
in the steam phase than in the water phase, consequently the calculated concentra.-
tion of dissolved hydrogen in the coolant is very sensitive to size of the steam
bubble. That is, the dissolved hydrogen concentration is inversely proportional to
the size of the steam bubble. A steam volume of 500 £t3 is assumed in this
calculation.



The solubility of rydrogen in water at a given temperature is very nearly
proportional to the partial pressure of the hydrogen in the steam phase (Henry's
Law). This law is used here to determine the ratio of gas in the liquid vs. vapor
phase for a given temperature. The Henry's Law coefficient for the temperature
of interest is taken from reference (i). A primary coolant temperature of 600°F is
assumed in this calculation; however, the temperature during post-accident condi-
t.ons could vary substantially in either direction from this reference point. The
percentage of hydrogen in the coolant increases with increasing temperature.

Volume external to the reactor ve:sel in a large pressurized water reactor system
is on the order of 5,500 £t3 excluding the pressurizer. The pressurizer is not
included because there will be lirtle or no flow to the pressurizer. Volume of the
reactor vessel is about 5000 f1>. A volume of 500 ft3 should be subtracted from
the reactor system and reactor vessel volume because of the steam bubble that will
be present during an accident condition. Thus, total system volume excluding the
pressurizer is on the order of 10,000 £t3 . These volumes are used in calculating

dissolved hydrogen concentrations listed below.

Assuming a reactor coolant temperaturs of 600°F and the release of 564,800 liters
of hydrogen to the coolant as discussed earlier will result in a pariial pressure for
hyurogen of 200 psia in the steam bubble. With equilibrium conditions as would
exist at that time and with some circulation tn distribute the hydrogen, there
would be about 1320 cc of Hzlliter of coolant in the reactor system. The vapo!
phase would contain about 190,000 liters of hydrogen at STP conditions. If there
was no circulation in the system and all hydrogen released was confined to the
reactor system there would be about 2940 cc of Hzll.iter of coolant in the reactor
vessel.

With an initial concentration of 1320 cc of H2/Liter of coolant there would be no
degassing as the water is cooled to room temperature preparatory o obtaining a
pressurized sample. With an initial concentration of 2940 cc of Hzluter of coolant
it would prcbably not be possible to obtain a completely representative sample with
respect to determining gas concentration. However, the sample obtained would
indicate that there were very high gas concentrations present.
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The gas concentrations indicated above should be considered as estimates which
are listed here to provide a general indication of the concentrations that can occur
under accident conditions. Actual concentrations observed could be significantly
lower or perhaps higher than the values indicated here. Perhaps the greatest
uncertainty involved concerns the amount of hydride formed during accident
conditions. Extrapolation of available data would indicate that more hydride will
be formed than is indicated here. This would result in lower dissoived hydrogen
concentraticns than the 1320 cc of Hzluter calculated above.

The conclusions formed from this study and the effect of these conclusions on plant
operations are listed below:

L. The concentration of dissolved hydrogen in the reactor coolant system
under accident conditions can be on the order of 1320 cc of Hzlliter of
coolant.

y [t will be possible to obtain a representative sample of pressurized coolant

with this gas concentration provided system pressure remains at 2000 psi.

3. If all the hydrogen gas released is confined to the -eactor vessel, the
resulting dissolved hydrogen concentration could be on the order of 2940
cc/liter, The degassing occurring during cool down in the sample cooler
may make it impossible to obtain a truly representative sample with
respect to gas concentration. The sample obtained wouid indicate that
there ars very high gas concentrations present.

4, A cavitation problem can result if pumps are operated with these high gas
concentrations in solution. Venting would be required before the pumps

can be operated.

3 Precautions should be taken to protect against formation of an explosive
mixture if the primary coolant is released to a depressurized system.
There <an be no fcr: .ation of an explosive mixture within the pressurized
reactor system itseif since there is no formation of free oxygen in the
system. The reaction of zirconium with water resuits only in the
production of hydrogen. Oxygen from the water is combined with the
zirconium in a form that is not available for reaction with hydrogen.
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APPENDIX B

DILUTION FACTORS REQUIRED FOR
ISOTOPIC ANALYSES OF GASEOUS
SAMPLES DURING POST-ACCIDENT CONDITIONS



Calculations have been made concerning the degree of dilution required forfeactor
coolant gaseous and containment air samples to reduce activity levels to the
degree necessary to provige for isotopic analyses of the samples. The calculations
are based on the assumption that a | cc sample of the final dilution used for
isotopic analyses will be added to a 10 cc vial for counting with a Ge(Li) detector.
Dilution factors indicated are based on achieving an end objective of a 10 mr/nr
gamma level at the 10 cc vial.

Design of the Sentry system provides for obtianing a 30 ml sample of primary
coolant during post-accident conditions for hydrogen and gaseous activity
determinations. The primary coolant will be purged with argon gas to yield an end
volume of 600 cc of gas at STP conditions in a previously evacuated 300 cc gas
collection container. This end volume is required to achieve a dilution for
hydrogen analyses that will better cover the range of dissolved hydrogen
concentrations that may result from an accident condition.

Further dilution of the 600 cc argon-hydrogen gas mixture is required for isotopic
analyses of ga- since the gas is too radicactive t© handle or count directly. The
dilution factors required are listed in Table l. Note that a substantially lower
dilution factor is required at 24 hours after an accident condition than at one hour.
System design, therefore, should include a two step dilution capability.

The source term used in determining cilution factors required for isotopic analyses

arevisted in Table 2. These source terms are based on NRC definitions concerning
fuel gamage occuring.
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TABLE B-l

DILUTION FACTORS REQUIRED FOR
ISOTOPIC ANALYSIS OF GASEQUS SAMPLES

Dilution to achieve 10 mR/hr; 1 cc of final dilution placed inm 10 cc vial.

1 cc from Detector 10 cm from Detector
Source 1 Hour 24 Hours 1 Hour 24 Hours
30 ml RCS purged with 600 1:2000 1:200 1:100 1:10
cc Ar; 0.75 percent halogen
partition into gas.
Containment Air: 1:2000 1:50 1:100 1:2

50 percent halogens
initially present, zero
percent halogens at 24
hours.
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S B2

ESTIMATED CONTRIBUTORS TO REACTOR COOLANT GAMMA DOSE RATES
AFTEK A POSTULATED REACTOR ACCIDENT
_(CAMMA RADIATION DOSE RATE IN mR/hr @ | METER PER wi)

Re lease
Source from Fuel

Noble Cascs 1002
lodines 0%

Cesitums 1%

Solids

TOT .2 Cestums

cesiums




