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I. EXECUTIVE SUMMARY AND RECOMMENDATIONS

A. EXECUTIVE 1UMMARY
V

An analysis system has been developed to provide for in-line analysis of
baron, chloride, dissdved hydrogen, dissolved oxygen, pH and i

conductivity. The system can be operated during regular or post-accident
'condtions. Analytical procedures have also been developed to provide for

baron analyses under post-accident conditions. The baron analyses will be

performed in a hood with samples that have been diluted by about a factor

of 1000 in the liquid sample panel. All the analyses listed above can be
performed within one hour af ter sampling during post-accident condtions.

Cumulative radiation exposure involved to perform the analyses listed -
above at one hour after core damage occurs is estimated to be less than 1 ,

rem. This recommendation applies to both normal and' post-accident

condtions.

B. RECOMMENDATIONS

1. Baron 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 condtions, 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 i

about (+13, -3.3 percent). Analysis time is less than one hour. A
colorimetric method utilizing curcumin is recommended as a alter- i

nate backup method for boron analysis during post-accident condl.
'tions. This method has an uncertainty factor of about 313 percent,

with a total analyses time of two hours.

1
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2. Dissolved Hydrogen Concentration Determination

Hy& ogen analyses during both normal and post-accident conditions

should be perfcrmed with the in-line analysis system shown in Figure

IE-2. A 30 mi primary coolant sample is stripped with argon gas to

yleid an and 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 disr.olved hydrogen concentration in the primary ,

4

coolant.

3. Chloride Analyses

The chloride analyses should be performed with a Dionex lon chroma-

tograph under both normal and accident conditions, using the
automated system shown in Figure III-1. The ion chrornatograph has

the capability to analyze chlorides in the range of 100 ppb to 20 ppm

with virtus11y no radiation exposure to operating personnel. A

chloride determination can be made within one hour after sampling ,

under accident conditions. ;

4. Dissolved oxygen Analyses

Under accident concitions, dissolved oxygen analyses should be per-

formed with the YSI oxygen analyzer incorporated Id.o the system
|shown in Figure !!!-1. This system has the capability to determine

dissolved oxygen in the range of 0.1 ppm to 20 ppm. All 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 af ter

sampling under accident conditions. Continuous monitoring of dis-

solved oxygen is also possible.

For routine operations, oxygen analysis should be performed with the

Rexnord analyzer. This instrument is not used during accident

conditions because of the large liquid volume contained within the
- )

|
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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

The pH and conductivity measurements should be performed using in-
line flow cells under both normal and post-acddent conditions. Both
measurements can be obtained within one hour atter sampling under

acddent conditions. The system recommended here can be operated

continuously or intermittently. The pH and conductivity probes used

in the system shown in Figure III-l are standard commerdat designs.

The probe holders have been designed to reduce totalliquid volumes
to 3-4 mi for each probe to minimize shielding requirements. There
will be little or no radiation exposure involved in determining pH and !

conductivity under acddent conditions.
.

t
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IL 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 ob,'ectives are based in large part on post-
accident considerations, the system can also be used for routine

I

analysis operations.

Initially, the work scope was to develop procedures for post-accident

analysis for boron and chloride. Later the work scope was expanded
to include development of an automated system which would provide

for analyses of dissolved hydrogen, dissolved oxygen, chloride, pH and

conductivity. The chemical analysis system described here will take
effluent flow from the liquid sample panel in the sampling system

developed by the Sentry Corporation.

B. DESIGN OB3ECTIVES
.

The major objectives which have all been realized are as follows:

1. To provide the chemical analyses specified in NUREG-0578
during post-accident conditions in a time frame of one hour
af ter samp!!ng.

2. To perform dissolved hydrogen, dissolved oxygen, boron,
chloride, pH and conductivity determinations with in-!!ne 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.

4
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This is to limit radiation exposure involved with handling post-

accident samples.

,

4. To ilmit the cumulative radiation exposure involved to perform

all the analyses listed above at one hour after core damage to

less than i rem.

5. To use off-the-shelf instruments In designing the system.

6. To provide a system that can be used on a daily basis as well as

during postwaccident conditions.

7. 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

radioactivity) containmg various quantitles of dissdved gases,

chloride and boron..

8. To calculate the dilution factors needed to allow laboratory

isotopic analyses of radioactive gases with post-accident condi-

tions.

-
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IIL AUTOMATED ANALYSIS SYSTEM

A. GENERAL DESCRIPTION

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 pressure meters are mounted'

on the face of the contrd panel for morltoring and controlling flow
parameters. Readout instrumentatim. is 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, dissdved

oxygen concentration, pH, conductivity and temperature. Analytical

capabilities and accuracy limitations under regular or post-accident
conditions are listed in Table III-1. A simplified flow schematic for the
water analyses system is shown in Figure IH-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 ml/ 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 dissdved hydrogen in the primary codant sample contained in

a 30 mi sample container in the Sentry liquid sample panel is stripped
from sdution with argon gas. The gas evdving from sdution 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 datermination. The oven, columns and

detector of the gas chromatogeph are located in back of the lead-
shielded chemical analysis panel, above the chloride analyzer. The

_

_ _
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control system for the gas chromatograph is mounted on the instrument

panei located outside the high radiation zone. Simplified operating
instructions for overall operation of tb 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 volume and reduce shielding
requirements. The system as shown contains a Rexnord oxygen probe
whictt would not be used during post-accident sampling conditions because

of the large sample vdume contained within the probe. It is included as
optional equipment for routine operations. All personnel exposure times
involved with operation of this system will be on the order of seconds.

B. FUNCTIONAL DESCRIPTION

1. Liquids

The automated analysis system . can provide continuous in-line
monitoring of dissolved oxygen, pH and conductivity under normal
operative conditions. The system can be expanded to include in-line
analyses of boron af ter 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

:
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in the following sections. The functional operation for the hydrogen
analysis system is provided in Section VI.

a. 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. I

I

l Instrument Calibration Frequency
l
f

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

Ion Chromatograph Daily

pH Determination Daily

Conductivity Determination Every three months
(Maintenance Operation)

Yellow Springs Oxygen Analyzer Weekly

Rexnord Oxygen Analyzer Weekly

Calibration operations are performed after the following initial
conditions are established. Yalve and sample line designations

are as shown in Figure III-1; sample line designations have a "L"

prefix.

o If it is not being operated in a continuous mode, the system

should be maintained in a water-solid condition for 8-12
hours prior to use to assure pH probe stability.

e The two buffer solution tanks should be filled with pH 7 and
10 buffer solutions,

The oxygen calibration tank should be filled with demineral-o

ized water.

...
-

e
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e- For PWR plants, the chloride calibration tank should be
filled with a standard solution containing 1 ppm chloride and

2000 ppm boron solution in the boric acid form. A 1 ppm
chloride standard without boron is used in BWR plants.

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

p,g,

e Flush lines L-10 and L-24 should be connected and water
available for flushing.

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

I

manuals.

I
' (1) Gas Chromatograoh Calibration

The development work concerning gas stripping operations
,

described in this report was performed with a Fisher gas
chromatograph. Af ter this work was complete, the decision

|
was made to use a Baseline gas chromatograph in the final

'
I

| ,

system. Calibration data are not induded on the Baseline
because NUS has no working experience with this system.

(2) 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-21 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

I establish flow is provided by establishing a nitrogen pressure
in the buffer sdution tank via by opening valve 15 or 17

dependent on whether pH 7 or 10 buffer sclutien is used.

After the flow rate has been established fer 15-20 seconds
:

9
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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.

(3) 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 III-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-16, L-17 and L-18 for the Rexnord probe or L-28 for

the YSI probe. Exit flow for both sobes is through L-19, L-I
20 and 21. The flow rate should be established by adjusting

; throttle valve 5 until the indicating light on the flow i

! indicator is on. It is only necessary to establish that flow
i

exists. When operating 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.

; (4) Chloride Analyzer Calibration

Chloride 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
,- -



_ _ _ _ _ - _ _ _ .

r :

? . ..

I
_

through line L-26. A flow rate is established by throttling
,

valve 8 until the indicating light on the flow indicator is on.
It 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 chloride

standard solution into che instrument. This begins the
sequence of operation required for the analysis. The peak

height for the chloride 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 standard solution will be automatically flushed
from the analyzer through a sequence of steps with the
eluent solution 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.

(5) 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 KC1 in water. Next, this standard will 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.

b. Analysis of Liquid Samples

Sample flow through the automated analysis system (Figure 111-1)

comes from line L-2, connecting to the liquid sampie panei, to L-

4 where the flow is split to go to valves 2 and 3 fer the
conductivity, oxygen, and pH analyses and to valve 7 for the

11
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chloride analyses. Flow rate to valves 7 and 2 is controlled by
the Sentry liquid panel and typically will be of the order of 200
ml/ min. However, the flow can vary between 50 and 400 ml/ 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-

21 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-21 to use the
YSI oxygen probe. Following the analysis; valve 1 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, dissolved oxygen

and chloride under post-accident conditions should be performed

following a 5-10 minute purge of the sample line. Dissolved ,

oxygen readout should be obtained in the final minute of purge |

flow. System flow in the range of 50-400 ml/ min is required to
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

| 1. Chloride Analyses
.

Chloride analyses will be performed by the use of the Dionex Model

10 lon 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 chloride analysis involve

substantially higher radiation exposure to the analyst and for this
reason were discarded. Analyzing a sample by IC is fairly straight

_

12
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forward requiring about i ml of undiluted sample transferred 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 cdumn for

analysis. Excess sample is discharged to the waste dspesal system

via gravity &ain. Eluent solutions containing sodium retraborate or
sodium carbonate and regenerant sdutions containing sulfuric acid

are also discharged to this same &ain line. Analytical results

obtained on tests performed on a system mockup are discussed in

Section V. .

The ion chromatograph in the analytical panel can be used to analyze

for chlorides in the range of 100 ppb to 20 ppm without pret eatment

of the sample. This system must be modified from the norm to
eliminate a boron peak interference and to reduce radiation exposure.

The columns must be changed as described in Section V to separate

the boron and chloride peak. Also, shielding must be provided for

that portion of the unit which will process the radioactive solution.
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 by step procedure described in Section
V will enable operation of this system by personnel that have only

limited training in analytical chemistry.

2. Dissolved Hydrogen Analyses

The gas analysis system shown in Figure III-2 provides for the analysis

of dissdved hydrogen concentration in the primary coolant. The

system designed by NUS measures dissolved hydrogen concentration

in the range of 5 cc H /kg to 2000 cc H /kg. The gas is stripped2 2
from a 30 ml liquid sample with argen gas to yield an end vdume of

600 cc of gas at STP conditions. The resulting gas mixture is

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

,

13
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'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

3. Dissolved 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 basis 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 VII

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 sattrated

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

. . - _ . - . . . .
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be determined from a solubility chart relating dissolved oxygen

concentration to temperature of the water.

(1) This calibration method was selected for the fdiowing
reasons:

(a) It is simple in operation.

l
(b) The calibration can be verified by Winkler analysis of 1

the water. The tank has a drain valve which can be
used to obtain a water sample.

(c) 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-
solved oxygen monitor:

(2) The dissolved oxygen monitor can be calibrated by purging

air through the probe. This was considered undesirable for

the fdiowing reasons:

(a) If the valving is mishandled and air is blasted through
the system, the dissdved 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 contaminated system can create

airborne contamination levels.

15
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(3) 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 following
reasons:

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

water conveniently available.

(b) 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 |

Winkler 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 I

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,

b. Rexnord Analyzer
.

The Rexnord oxygen analyzer will not be used during post-
accident conditions, because the relatively large volume 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
j

)- 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

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

4. pH Determination

An industrial grade in-line probe with a sealed reference electrodes
that never needs refilling is used to determine pH. A Cde - Parmer

pH probe (Catalog No. 3993-2) and readout Instrumentation was used

in the test work performed by NUS. The vertical probe hdder has a
flow irtet at the bottom with exit flow from the top. This design
feature prevents entrapment of gas bubbles in the hdder. The probe

holder has been redesigned to minimize fluid vdume. A double O-
ring seat is used to prevent leakage. The probe can be easily removed

for repacement. Calibration of the pH probe is performed in place
using pH 7 and 10 buffer sdutions. Loop design provides for the
additiet of buffer solutions to the pH probe and for flushing of this
sdution from the system af ter calibration is compete. 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 establithing 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 sampe flow stream at a rate to make up about 5
percent of the water vdume. No effect on pH readout was noted in.

this test.

5. Conductivity Measurement

Conductivity measurements are provided by an in-line probe with a

celi constant of 0.i. A Beckman probe and readout instrurnentation
was used in the test work performed by NUS. The probe holder has

been redesigned to minimize fluid vdume. A double O-ring seal is
used to prevent leakage. The probe can be easily removed for
repacement. Calibration of the conductivity probe to determine celi

constant should be performed every three months as part of a

.i7
.

__ _ _ _ . _ _ _



- _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

... .

I
maintenance procedure. Readout indication for conductivity as |

provided in the end system is with a Leeds and Northrup meter with a
nonlinear scale of 0-500 pmhos/cm. The instrument has high

accuracy for the low end of the range (0-2 pmhos/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 +o determine the effect
of air bubbles on system operation. This work was performed in

conjunction with the air bubble test performed with the pH probe.
No effect on conductivity readout other than an occasional needle

prturbation was noted when air bubbles were introduced to the
sample flow.

6. Flowmeter

The flowmeters used in this system are flow-no-flow types. They are

provided by the Sent:y Corporation.

D. OTHER DESIGN CONSDERATIONS

1. System 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 to clean the system prior to opening

the system for repair or maintenance. Chemical cleanng with a

chelant or organic acid can also be easliy performed using the oxygen
' calibration tank to charge the solution into the system. Materials of

'

ccnstruction within the system are compatible with most chelants or

organic acids.

2. Radiation Control

Lead shot will be used to provide for complete shielding on the front

of the analysis panei. All components will be accessible from the
_

-. . .-

back for ease of maintenance. _
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.
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A hood is used to provide for gaseous activity control in the event of

leakage of radioactive gases and iodine from valves and fittings.

3. 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.

4. 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 celi conditions 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

19
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employee of the naval test f acility 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 post-accident condi-
tions in the automated analysis system. One general condusion that

can be made from this survey, is that analytical instruments can be

operatedin 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 invdved. Results

of this survey as it applier 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 holder

Connecting wires to the electrodes

Stainless steel probe holder

Synthetic rubber 0-ring seals

Operating exoerience at Oak Ridge and the naval test facility
mdicate that conductivity measurements can be made in hot cell

|
conditions under very high radiation levels without problem.
Battelle-Northwest could not recall an experience in measuring

conductivity under hot cell conditions. Oak Ridge has noted that
ruthenium in solution can result in a problem since it will
ultimately plate out and thus poison the electrodes. This is a
very slow process occurring only in solutions having a much
higher radiation level than would be present under post-accident

conditions.
_ . _ _ -

e.
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Incipient damage to the insulation on the connecting wires to the
7platinum electrodes could be anticipated at about 10 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

i safety.
|

|

| The synthetic rubber 0-ring seals could suffer incipient damage |
0at about 10 rads based on data listed in reference (b). Total;

| radiation exposure for these 0-ring seals during post-accident !
'

1

| conditions would .be less than 10,000 rads resulting in a 100X ;

|. safety factor. The glass and stainless steel would not be i
'

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 conlant,it is

; possible that there will be low ppm concentrations of peroxide
I present from radiolysis 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
beric acid solutions with peroxide concentrations of 100 and 200

ppm. A 1 percent increase in conductivity was observed for
basic boron sdutions containing 100 and 200 ppm peroxide.
These data are reported in Table III-2.

b. Dissolved Oxygen Determination

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

Gold cathode and silver anode

Membrane made of 2 mil Tefien

Electrolyte - saturated kcl

21
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Two metal-oxide thermistors.

Connecting wires to anodes*

Synthetic rubber 0-ring seals

Stainless steel probe holder

PVC block and Hysol epoxy cement i

|

|

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

0damage to about 10 rads. This data is supported by irradiation4

tests performed in connection with the nuclear plane develop-
ment effort. Results of this work indicate that high pressure

6(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.

6
No radiation damage is anticipated to the PVC block below 10

rads based on data concerning the general resistance of organics

to radiation presented in references (a) and (b). The Hysol epoxy'

7
' ' cement is stable to radiation at exposure levels to 10 rads.

Concerning other components (0-ring seals, insulation), the
cumulative exposure levels anticipated are far below the area

where damage wil1 occur.
_

_
..__

_ _

'
._

22
. -_..--- . - .._ -_-. - _ - - . . . - - - . - - - . . - - - - . _ - - - - - - . .



_ __

i
. . ..

. . .

.__-_

_

|

i

1

c. pH Determination

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

Glass pH probe - Get type with internal reference cell

Connectmg v, ires to probe

Synthetic rubber 0-ring seals

Stainless steel probe hdder

Experimental work reported in reference (c) indicates that pH
electrodes of the type used in this system are stable at cumula'-

7 8tive dosages up to 10 -10 rads. These results are in agreement

with data presented in reference (d) and experience reported by
Battelle and the naval test facility in Who. Concerning '

selective ion electrodes, it was observed that the potential j
-

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 solutions. A nitrate electrode began to give
7erratic readings as the cumulative dose approached 10 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 obtained even where a
radiation effect was noted provided that the system 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 involved.

23
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d. Chloride 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 fdlows: (1)
the maximum primary codant volume contained within the ion

chromatograph will be on the order of 1 m1, 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

idlowing:

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
8 8

10 rads and cation resins at 5x10 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
0

be resistant to cumulative exposure well above 10 rads based on

. data presented in reference (a).

In the absence of dissolved hydrogen, 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

. . _

24

- . - - . -



.

. . .

.

___ _

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 hcl 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 III-3.

CNoride determinations on an ion chromatograph are obtained

by processing the water through resin columns and monitoring
the conductivity of the effluent. The chloride (or other anions)
will pass through the resin colwnn in wave form at known time

intervals af ter injection of the solution to be analyzed. Cations

are removed by the suppressor column resulting in the formation

of the corresponding acids from the anions in solution.
Consequently, there will be a series of acids such as HCI, H So ,

2 g

etc., passing ttrough the conductivity cell in wave form, each at

a different, though known time interval af ter the injection of the
solution to be analyzed. Conductivity of the solution at a
spec 2fic 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 5-10 ppm chloride in the sample size used will result in a
maximum hcl concentration of about 2 ppm after it is separated

in peaks as it passes through lon exchange columns in the ion
chromatograph. The 2 ppm hcl concentration used in the
peroxide test is based on the reasonable assumption that chloride

levet in the primary coolant will generally be below 10 ppm.

e. Pressure Indicator

A pressure transducer incorporating a strain gage is used to
sense pressure and transmit this pressure to the readout equip-

ment which is located remotely. Only the transducer is exposed

to radiation. This contains the following material:

25
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Diaphragm made of 17-4 PH stainless steel

A strain gage made of silicon doped 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 10# 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
6

cumulative exposure on the order of 10 rads or more.
:
i

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 solution. Adjustment of the
throttling valve to control back-pressure will be made during
calibra: ion 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

1

transducer failed, the dange 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.

f. Flow Meters and Dissolved Hydrogen Analysis System

These systems are provided by Sentry.

g. 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 radioactive solutions
containing high levels of radioactive iodine. Some radiation

0damage to the teflon may be anticipated at 10 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 maintainleak-tightness.
i

!

'

,
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TABLE-III-1

ANALYSES AND SYSTZM tcNITOEING CAPABU.ITIES
OF AL'TOMATED ANALYSES SYSTEM

Analwees or Ins trumentation taase Accuraev(I tendout

Chloride Caecentration 0.100-1.0 pga :15{3) tecordias
(Dianas Model 10 0-20 ppm + 20Z

~

Ion Chramatograph)

Dissolved Eydressa concentration 5-2000 cc/kg +15I Raccedias
(Fisher Model 1200
Gas Chramatograph)

Dissolved Ozygen Concestracios 0-20 ppb *12 Repeatability Indicating
(1eanord) 0-200 pyb Treader Clais)

Dissolved osygen Concentration 0.1-5 ppe ,, 101 Recording+

(TSI)- 1-10 ppm
1-20 ppe

Temperature (TSI) -5 to 45'c ; 0.4*C (Vendor clais) Recording

pg Determination pt I to 13 0.1 (Based on Frevious Indicating
(Cole - Palmer) Experience )

Ceeductivity 1-500 ;asho/cm (5) Indicating
(Lands and Northrup)

Floienecer, Line L-25 Flow - No Flow (3) Indicating

T1sumeter, Line L-20 Flow - No Flow (5) Indicating

Pressure Gauge 0-100 peig +1: Indicating
(Kulite Pressure Trossaitter) TVendor Clais)

Temperature - Dissolved 0-50*C +11 Indicating
oxygen Calibration Systen T7 ender claim)
(Cole - Palmer Thermeneter)

(1) Unles s indicated otherwise, this is based on flow testa performed with equipment assembled by IrD5.
Tea and one-half Lach wide paper was used in the strip chart ra: orders for the chloride and dissolved
hydrogen concentration.

(2) All instruentation concerning chemistry readout is installed outside the high radiation some.

(3) This can be reduced to + 101 if the system is calibrated for operation in this range.

(4) Realinear range with high accaracy at the low and of the rasen. Accuracy decreases at the other and of the
range.

(3) Supplied by Sentry.

.

_ _ _ .
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TABLE III-2

THE EFFECT OF PER0 ZIDE ON THE
G)NDUCTIVITY OF BORott GNTAINING SOLITIIONS

Conductivity
Solution ID (tanhos/ca)

Basic Boron Solution withs

93.9 93.0a.) O ppm H.,02

b.) 100 pga H 0 94.0 94.0
22

c.) 200 ppe H 0 94. 0 95.0
22

Boric Acid Solution with

a.) O ppe H 0 38.0 39.0
22

h.) 100 pga B,0 39.0 39.0
2

,

c.) 200 ppa H 0 39.0 39.0
22

29
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TABLE III-3

THE EFFECT OF PEROIIDE ON THE
Q)NDUCTIVITY OF DILUIE hcl SOLUTIONS

(ION CHROMATOGRAPH SOLUTIONS)

Conductivity
2 ppa hcl with: (tanhos /cm)

a.) O ppm H 0 24.0 23.5
22

b.) 10 ppa H 0 24.5 25.0
22

c.) 25 ppm H 0 25.0 25. 0
22

d.) 50 ppm H 0 25.0 25.0
22

e.) 100 ppm H 0 25.0 25.0
22

f.) 200 ppm H 0 25.0 25.0
22

__.
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IV. EVALUATION OF ANALYTICAL METHOD FOR BORON

' A. APPLICABLE SYSTEMSj

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

accident conditions. Accordingly, development of analytical methods for

baron 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 1.9,9 the idlowingt

methods identified in this section can be used for boron analyses:

1. Remote titration with the DigiChem analyzer

2. Curcumin method

3. Dianex Ion Ctromatograph

Use of the fluoroborate method is not recommended for BWR's since the
response of the boron probe to the pentaborate sdutions 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 f
,

three methods identified above are available. Remote titration with the f
DigiChem analyzer is recommended 'over the ion chromatograph or
Curcumin method.

B. BACKGROUND INFORMATION

During a postulated reactor accident in which fuel damage results, fission

products are released to the reactor codant in sufficient concentration to'*

contribute to the ionic characteristics of the solution. To investigate thei

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 codant lonic levels under design basis
post-accident conditions are listed in Table IV-1. Fission product levels |

iisted in this table are higher than are the concentrations assumed in

earlier work performed on this project. The change was made to be
- - -- . . . . - - - . . _
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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 cooling and reactivity control. Caustic solution from the spray
additive tank is mixed with borated water and sprayed into the
containment to scavenge radioiodine 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 IV-211sts 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 condtions. (Boron

levels decrease during a fuel cyde from about 2000 ppm to about 10 ppm.)

Including the BIT contribution would bias the boron level after the
postdated accident using an initial 2000 ppm reactor coolant boronlevel.

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 chloride inventory when

combined with reactor and RWST water should result in sump water
chloride concentrations below I ppm. This does not consider the
contribution resulting from teaching of chloride from insulation and
concrete. End levels could, in f act, be in the order of 10 ppm based on

Three-Mile Island experience.

NUS prepared matrix solutions for the boron analysis development pro-

gram based on normal coolant additives, the expected fission-product
levels listed in Table IV-1, and dilution and plant parameters listed in
Table IV-2. The matrix conditions simulated PWR reactor plant water

af ter a postulated accident and the effects of injecting cooling water with

additives mixing and collecting in the sumps. Boron procedures under
~

35

_ _ _ _ . . . .___ _



_____ . _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ __- ______ _ _ ___

. . .
,

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 chloride impurities

from leaching action on insulation and concrete. f
,

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,

baron analyses were performed on the solutions listed in this table and in

Table IV-4.

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 baron 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.

C. TEST OPERATIONS

.

1. Fluoroborate Selective Ion Electrode

Tetrafluoroborate ion is formed upon reaction of boric acid with

,

hydrofluoric acid:
i
I

(1) B(OH)3 + 3W H(BF OH) + 2HOH3
(2) H(BF OH) + HF; H(BF ) + HOH

3 4

(3) H(BF ); + BF ~ + H+g g

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 tetrafluoroborate ion is subject to many

variables.

36

- - _ _ _ _ _ - _ _ _ _



_ ..
- _ _ _ _ _ _

. . .,

. .. _ . - - - - - - -

___
_ _ . _ _

Orion Research, Inc. manuf actures a selective ion electrode sensitive

to the tetrafluoreborate ion. The sensing module contains a liquid
internal filling sdution 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 -59.2 millivdts change for a factor of 10 increase in effective
tetrofluoroborate ion concentration.

The manufacturer does not give firm instructions for using the probe

for measuring boron in the boric acid form. Because the electrode
responds to anions other than tetrafluoroborate lon, Orion recom-
mends the use of a double junction reference cell with ammonium

sulfate sdution in the outer Jacket to prevent chloride ion inter-
ference from the potassium chloride solution used in conventional
single junction cells. Ions in post-accident matrix sdutions which
could give a 10 percent error at the 1.0 ppm boron level are:

Anion Interference Level, ppm

l' O.06

Br- 7

NO ~ 23
3

CO " 166
3

C1" 164 >

F" 1060

50 " 89004

Thus, any procedure for using the fluoroborate probe must consider

the kinetics for forming tetrafluoroborate ion and the effect of other

anions in the sdution.

2. Procedure Development

NUS selected the fdiowing criteria for using the Orion fluoroborate
selective ion electrode:

,
37
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Accuracy must be adequate to confirm the boration level in aa.

timely manner.

b. 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 mi of a i to a 1,000c.

dilution of post-accident sdutions.

d. Steps must be simple and easy to follow.

Initial investigation showed that reproducible resuits could be
obtained by reacting a 5 mi sample with saturated sodium fluoride
solution and dilute hydrochloric acid for 20 minutes. The hydro-

chloric acid catalyst provided a relatively constant chloride ion
interference, and thus, a conventional single 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 HCi as a catalyst is
not described here in the interest of simpilfying this report. The test

results are avaliable upon request.

Figure IV-i 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 chloride ion from the hydrochloric acid catalyst could
cause electrode &ift 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 chloride 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.
--

-- _ _.

We
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Figure IV-3 shows the relative rtaction rates / electrode responses

when sulfuric acid is used. The millivolts difference (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
af ter 10 minutes. However, the blank solution shows possible
electrode &ift. Sluggish response is characteristic of low sample
concentrations. 'Ihus, 0.5 ppm boron is recommended as the lower

level for useful analysis on the basis of Figure IV-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.

3. Reproducibility of Procedure

The basic post-accident boron procedure consists of adding 1.0 mi of

saturated sodium fluoride solution to 5.0 mi of boron standard and
noting the time when 0.5 ml 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 solution, which is stirred, and at 10
minutes the millivolts response is adjusted to give the value on the
calibration curve. The miillvolts 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 unless the
electrode is used frequently. Orion gives six months as the normal
electrode lif e.<

To evaluate the electrode slope for the boron levels of concern, NUS

performed several calibration curves under different conditions as
listed in Table IV-5. The absolute respon:e in millivolts should

.
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change slightly, but the slope should be relatively constant over the
usefullife of the electrode pair.

Table IV-5 gives the differences in millivolts between the 5.0 ppm

standard and other standards. This difference is a measure of the
1

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
millivolts are converted to the two sigma (95 percent) confidence
intervals and related to the calibration curve, the millivdts 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 idlowing two-sigma limits once the meter is adjusted to the 5.0

ppm response on the calibration curve:
1

0.5 ppm 34%, -24%

3.0 ppm 13%, -3.3%

\

Figure IV-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-

vdts. Figure IV-5 litustrates the average slope as given by the
difference between the 5.0 ppm standard and other standard. "Ihe

two-sigma millivolt spread for a given standard is higher in Figure IV-
4 (absolute millivolts) than in Figure IV-5 (difference in millivolts),

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 IV-4 matrix
solutions. The average resdts are weil within the stated boronlevels
when the 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

40
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j procedure recommended in this report. The analysis resdts are given
in Table IV-7. These data verify the adequacy of the post-accident
baron procedure to give the correct concentration within the stated

inteevals 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 boron concentration of an un-

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 wodd be analyzed in one day resdting in a total end
release of about 0.5 gram of fluorW. Since this sdution will ultimately

'

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 fdlowed by solidification in concrete. For accident condi-

tions, the waste sdutions would be solidified directly or processed by
other means. Concentration by evaporation could not be permitted
because the end solution will be too radioactive to handle. The corrosion
potential associated with each method of disposal is discussed separately
below.

1. Norma! Operatina Conditions

Under normal operating conditions, solutions dumped to a radioactive

drain will dtimately 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 voltane reduction achieved in evaporation varies between

utilities; however, a reduction of 80 percent in volume can be
considered

41 -
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reasonable. This volume reduction would result in an end fluoride
concentration of about 1 ppm in the waste solution from 20 boron
analyses.

With respect to pitting attack on stainless steel, Sedriks indicates in

reference (g) that most equipment failures due to pitting are caused

by chlorine and chlorine-containing ions. Of the other halogen ions,
bromides will also cause pitting, but fluoride and iodide solutions
show little pitting tendencies. In general, chloride 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 1 ppm fluoride contribution in the waste
dispcsal system, resulting from the fluorobrate boron analyses, will
have no effect on pitting potential of the stainless steel in the i

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 im aggressive in this

respect than are chlorides, it can be assumed that the fluoride
,

concentration required to produce cracking must at least, approach

the chloride 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
i
'

for evaporation. Under these low temperature, low oxygen condi-
tions, it is very unlikely that chloride stress-cracking could develop
at chloride concentrations below 25 ppm. Comparing this with the 1

ppm fluoride concentration expected as a max! mum 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.
_ ._ __ _ _.
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2. Accident Cendition

There will be lower concentration of fluorides in waste solutions
associated with the fluoroborate method of analysis under accident

conditions because solutions will not be concentrated through evapor-

ation. There is virtually no potential for fluoride solutions 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 temperatwe 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 solutions resulting from the use of the

fluoroborate method for boron determinations.

E. TITRIMETER ANALYSES WITH THE DIGICHEM ANALYZER

l

The Digichem analyzer manufactured by Ionics is designed for process'

control appilcations, providing on-line analyses and control for continuous,
semicontinuous and batch process. It automatically performs titrimetric,

|
colorimetric or selective-lon 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.
!

-
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1. System Operation

The test work was performed by NUS and Ionics at the Ionics
Laboratory in Watertown, Massachusetts. The goal was to perform
on-ilne boron analyses on acid or basic solutions containing up to 6000

1

ppm boron. To perform the tests, the microcomputer was program-
med by Ionics to perform the sequence of operations required.
Information concerning the chemical parameters invdved was

provided by NUS.

.

The instrument as it would be used in this application takes and
|

measures a sampe from an on-line stream and performs the following

programmed operations automatically:

|

re #e e re on the ord of 0.5 2
.

ml for boron concentrations in the range of 1000 to 6000 ppm.
I

Low boron concentrations require higher sample volumes.

b. Next the instrument adds dilution water to flush the sam #e itne
and provide sufficient vdume to cover the tip of the pH probe.

If the solution is basic, as could be the case during an accident,c.
acid is added automatically to reduce pH to about 4.4.

d. 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 8.5.e.

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 compex.

f. The microcomputer takes the information concerning sample
size and NaOH titrant volume used and computes the boron

--
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concentration. Boron concentration is printed out as ppm boron

on a computer tape. Digital readout of boron concentration can

also be providedlocally or at some distant point.

3 At the conclusion of each analysis, the rotary speed of the
reaction vessd is increased to spin out the solution in the vessel.
Water is added at this time to flush the vesad by cer.trifugal
force. Waste sdutions can go to a gravity drain or waste tank.

The reaction vessd is manufactured of Teflon with a smooth
finish that is amenable to cleaning by simpe flushing action.

2. Test Results

A series of baron standards and post-accident matrix sampes were

prepared by Ionics and NUS and analyzed automatically with the
DigiChem analyzer. Each analysis required about seven minutes. All

operations were controlled with the microcomputer. Chemical and
volume parameters for this test were as idlows:

hcl Titrant 1.0 N
5

NaOH Titrant 0.25 N

Mannitol Concentration 1 Molar

Mannitol Volume 5.4 rr.1

5.mpe Vdume 4.3 ml

In the Interest of time, one sampe volume was used for all boron
concentrations. Resdts of the tests performed, as shown in Tames

IV-8 through IV-10, Indicated this was a reasonable choice for sampe

volume. It is anticipated that better resdts codd have been
achieved with 0.1 N, at.id and caustic titrants since the inflection4

point in the titration curve is more easily detected with a more dilute
acid and base. However, results obtained are acceptable for either

routine or accident analysis conditions.

Resdts of analyses performed on a variety of boron standards
prepared by and tested by Icnics are presented in Table IV-10. These

45
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results are from the initial analyses performed to check out the
system. Both acid and basic boron solutions were evaluated in this

( test. Average error observed was generally within 12 percent.
Maximum error observed was +3 percent.

I

Resdts of testing performed by Ionics to determine reproducibility of
I

analyses for a 2000 ppm boron concentration are presented in Table

IV-9. The average error observed was-1.04 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.

.

Resdts of testing performed with matrix solutions prepared by NUS
1

are presented in Table IV-10. These analyses were performed by NUS

with the DigIChem analyzer. The data shown in this table indicate
that fission-product species released to the coolant during accident
conditics.s will not add significantly to the range of error for boron

analyses. f

It should be emphasized that the precision and accuracy of the
analyses probably can be improved on ruutine applications by utilizing

lower concentrations for the acid and base titrants. This can be I

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 hes been expremed that it would

be difficult to analyze basic boron solutions under accident
conditions.

3. System Construction

t

The DigIChem systems are modular instruments that can be wall or

panel mounted. A simpilfled 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 this

application), and up to five : ample and reagent addition modules.

_

@ G '
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The microcomputer consists of a series of plug-in circuit boards and

the keyboard contrd panel devices. A motherboard of bus lines and
connectors spread along the inside rear for plugging in the circuit
boards as needed. The CPU board, sensor input board, analog board,

stepper control boards, and dispay auxiliary board are standard
items. Other boards such as the valve contrd boards and current
transmitter bot 's are options in configuring a particular DigiChem.
All boards are easily replaced and are quicidy availaNe from the

vendor.

The rotary reaction cell assembly is located at the lower lef t of a

DigiChem enclosure. The reaction cell, fabricated from Teflon,
forms the heart of the assembly. As programmed, the micro-

c. mputer contrds a variaMe speed motor which spins t'e reaction
ceL. A cover to the reaction cell provides entrances for the sam #e

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. De module itself can be disassemMed and reassemWed
within 10 minutes. Iittle or no special training would be required to

provide for repair or maintenance of this module. It 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 enclosure. All modules are inter-
changeable with each other. De 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 vdumetric measurement and dispenses fluids in precise
microllter 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 contrd.

47
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The sampe and reagent addition modules can be repaced with a

pug-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.

Siding valves are used to provide for sample or reagent addition
control. These valves are easily removable from the system.
Disassembly of the valve itself for inspection or cleaning 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 involved are located with

the microcomputer and would be outside the high radiation zone.

4. Operation in a Radiation 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|

124x9xi5 inches. The microcomputer and control section is 30xi3x11

inches. The microcomputer and control section has a self-contained
panel and can be wall mounted.

g Installation of the DigiChem analyzer can be accomplished 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.

_ _ _ _ _
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5. Conclusions and Recommendations Concerning DigiChem Analyzer

The results of this work indicate that the DiglChem analyzer can be

used for baron determinations under routine or accident conditions.
The system has significant advantages over other approaches now

avaEable 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 10 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 involved because the equipment
can be operated remotely.

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

should be performed with an in-pant installation after operating
personnel had been trained in its ope. ration. Prior to qualification
testing, the system should be lab-tested to optimize reagent
normality and sample size. NUS has submitted a proposal to CECO

by separate letter to perform a plant qualification test.

F. CURCUMIN SPECTROPHOTOMETRIC BORON PROCEDURE (AI.TER-
NATE METHOD)

1. 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. '
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The curcumin spectrophotometric boron analysis procedure is
commonly used for low-level determinations. Briefly, the normal

procedure is performed as follows. A water bath is set up at 55 3
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
coding to ambient temperatures, the residues are disadved in
isopropyl alcohol and dluted to 25 ml. The percent transmittance at
340 nm is read with a spectrophotometer. 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 120 minutes.

| 2. 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

\qontainment spray addtive, and sump water plus reactor coolant in
tM final stage of the accident. All samples with simulated reactor
water contained an ionic (nonradioactive) 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 alcohol.

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

__
procedure regirement. _
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c. Sensitivity of temperature control.

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

|

Test results when statistically evaluated, show the f allowing:

a. Poor sensitivity is achieved with 100 percent isopropyl alcohol
should be used.

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

,

c. Eighty minutes total time in the bath will give better precision
than removing the sam #es 15 minutes after dryness. However,

removing the sample 15 minutes after &yness will reduce the
' analysis time by about 20 minutes.

I

d. 1.0 cm spectrophotometer cells are adequate; 1.9 cm cells would

result in lower detection limits (and also could require sam #e
;

| dilution) and increased radiation exposure.

e. The procedure is sensitive to many variables, including the

| curcumin reagent, development time and temperature, and
'

analysis conditions.

3. Statistical Evaluation of Procedure
I

i

|
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 +13 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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G. 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 lon
chromatograph. System modifications will be required involving installa-

tion of another pump and ion exchange column if the analyses are to be

performed on basic boron solutions. Both boron and chlorides can be |

performed with the same system. The eluent consists of a mannitol-
sodium hydroxide-sodium carbonate solution.

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

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

f 2. The ion chromatograph does not have the accuracy required for
! performing boron analyses under routine conditions.

3. 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.

H. PLASMA SPECTROSCOPY ANALYSIS FOR BORON

This method of analysis can be used to determine boron concentrations of

solutions in the range below i 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 249.8
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_

- -
- - -
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this approach has merit as a possible backup method for boron analyses.

If the plasma' spectroscopy method were used, installing the instrument in
a hood would be necessary to provide for containment of gaseous activity

that would be gener-ted in the plasma arc. About 5 ml of a 2,000-fdd
dilution wodd be required to perform an analysis. About 1 ml 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 11guid activity, would be necessary. The

system as designed, lends itself to the use of a hood to contain the
vaporized !! quid.

The first analysis performed would invdve 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 ordy be accomp!!shed through direct manual contact

with the components. Again, radiation exposure could be significant since

shielding would not be possible while making the replacement.j

One added disadvantage of the plasma spectroscopy system is working

with an open or semi-open container of radioactive sdution 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 cdorimetric 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.

I. BORONOMETER
|
,

Boron determination with a boronometer is provided by relating neutron

|
attenuation in the analysis stream to boron concentration in the water.

53



. . .

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. I

Westinghouse, Combustion Engineering, Inc., and Babcock & Wilcox
Company, have boron analyzers qualified for nuclear pant use. T:1e

Westinghouse unit has a 100 gallon constant temperature bath with a
,

'

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 vdume in the detector assembly is

about nine gallons. Supposedly, the larger volume provides for increased

sensitivity of detection. Four boron trifluoride tubes are used in their
detector 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 vdume af ter 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
f actor 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 f act by testing performed by Combustion

l

|
1
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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 voltage -and increasing the discriminator setting. Gamma'

radiation levels in the detector 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 level will

increase by some unknown value. Theory indicates that correcting for
this noise level will be possible with appropriate changes to circuit design.

|

J. MANUAL TITRATION PROCEDURE

PWR plants commonly use the boric acid titration procedure for most
plant boron analys_ Mannitol is added to an appropriate sample to|

! partially lonize the boric acid so that the sample can be titrated with a
base. The sample size ranges from 2 mi for 1600 to 3500 ppm boron to
100 ml for less t5an 50 ppm boron. The sample is titrated with 0.1 M
sodium hydroxide to pH 8.5. The volume of standard base is related to the

boron concentration. An analysis takes about five minutes. Bis is not

! recommended for use during post-accident conditions because of the high
radiation exposure associated with its use.

K. ALTERNATE SPECTROPHOTOMETRIC METHOD

|

A low-level spectrophotometric boron analysis method is available which

uses carminic acid for color development. The optimum range is 0.2 to 5

ppm boron. A 5-ml sample is pipetted into a flask and a few drops of
hydrochloric acid and 30 ml of concentrated sulfuric acid are added. De

mixture is cooled 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 over the carminic acid procedure. '
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POST-ACCIDENT BORON PROCEDURE USING FLUOROBORATE J
SELECTIVE ION ELECTRODE AND SULFURIC ACID !

)
i

1.0 OB3ECTIVE

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 boron and +34

percent, -24 percent at 0.5 ppm baron for " stirring" samples. The analysis
time is less than 20 minutes excluding sampling, reagent preparation, and

calibration curve preparation.
.

| 2.0 REFERENCES
-

i
i

None

3.0 INITIAL CONDITIONS

3.1 A diluted reactor water sample or sump sample has been
,

obtained.*

3.2 Samples have been prepared for analysis.

3.3 The following equipment must ne avaliable:

3.3.1 Ion meter capable of measuring in the relative millivoit

mode.

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

3.3.3 Plastic Single Junction Reference Electrode, Orion Model

90-01 with 4 M_ KCi/ saturated AgC1.

3.3.4 Magnetic stirrer and micro stirring bars.

.. - 3.3.5 Piastic 30-mi beakers.
_
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3.3.6 Micro sample dishes for uectrodes, Orion Catalog No. 92-
00-14.

3.3.7 Pipets: 1. Oxford or equivalent with disposable tips,5,
1, 0.5 ml

2. Glass,10, 5, 3, 2,1, 0.5 ml

3.3.8 Volumetric flasks,100 ml (six).
,

.

3.3.9 Medicine droppers, plastic.

3.3.10 Thermometer, degress Celslus

3.3.11 Two cyde semi-logarithmic graph paper and French curve.
,

3.3.12 Timer,

3.4 The following reagents must be available or prepared:

3.4.1 Saturated sodium fluoride - add 30 grams of reagent grade

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

3.4.2 Sulfuric acid,10N_ - add 28 ml of concentrated sulfuric acid
to approximately 50 ml of delonized water in a 100-mi
volumetric flask. Mix well and dilute to volume with
delonized water when cooled to room temperature.

3.4.3 Boron standard,100 ppm (Fisher SO-B-155, or equivalent).

3.5 The following standard solutions must be available or prepared:

3.5.1 Reference electrode filling solution, Orion 90-00-01.

3.5.2 Dilute 10.0 mi of 1000 ppm stock baron (as boric acid)
solution to 100 ml with deionized water and mix. Prepare

$7
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standard boron solutions as follows from this 100 ppm stock

solution.

ml of 100 ppm Boron ppm Boron
Solution Diluted Working Boron

to 100 ml Standards

0.5 0.5
1.0 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 radioactivity 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:

4.1.1 Air samplin5 should be performed to determine the lodine
concentration in the sampling building.

i

4.1.2 When the radiological conditions in the sampling building
are uncertain, at least two individuals shall be sent for

sampling and analyses.
i

4.1.3 At least one functioning high-range dose rate Instrument

shall be available at all times. This normally means

carrying a suitable spare instrument. |
\

4.1.4 The instruments used for survey purposes should be ion
i

chamber type instruments. If an instrument with a sealed |

chamber (such as the PIC-6A) is not available, bag the j
,

instrument to preclude internal contamination with radio-

active gases.

4.1.5 Dosimetry monitoring of extremities will be required dur-

Ing sampling and analysis operations. .
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4.1.6 Normally, if vent release conditions are serious enough to

activate post-accident procedures, airborne conditions in

the auxillary building would require the use of pressure
demand type supp!!ed air respirators by all personnel
invdved.

4.2 Asstsne that all reactor coolant samples are extremdy radioactive
unless determined otherwise by survey. Hande all liquids collected

during post-accident sampling / analysis, including dilutions, with
extreme care to prevent unnecessary personnel exposure.

4.3 Check dosimeters periodically to determine approximate exposure.

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

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

4.5.1 Temperature variance between standards and samples must

be controlled to within a 5'C spread. Maximum tempera-

ture at which the fluoroborate SIE method can be used is
40 *C.

4.5.2 Control . stirring action at a rate to preclude 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.

4.5.3 The electrodes, being in plastic sheaths, are sensitive to
electrostatic effects. Control f actors affecting humidity,

temperature, and air flow over the electrode to reasonable

limits of fluctuation.

4.5.4 Ensure that no bubbles are adhering to the electrode
bottom near the membrane when making a measurement.
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4.5.5 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
delonized water while not in use. Alternately 4M potas-

slum chloride solution may be used.

4.5.6 Do not energize the pH-millivolt meter if the electrodes
are not immersed in IIquid. Use the STANDBY mode in

this case.

4.5.7 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.

4.5.8 Soak the electrodes in delonized water for approximately

five minutes before measuring a 0.5 ppm or less boron

sample af ter measuring a 5 ppm standard or sample.

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

5.0 CHECK OF SHEETS

5.1 None.

6.0 PROCEDURE
,

6.1 Calibration Curve (all millivoit readings in ABSOLUTE mode)

6.1.1 Soak the electrodes in delonized water for at least 10
minutes prior to use. The reference probe should be soaked

several hours prior to use for optimum response.

- .
- ..
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6.1.2 Pipette 5.0 ml of deion12ed water (blank), 0.5,1.0, 2.0, 3.0,

and 5.0 ppm boren standard sdutions into separate 30-ml
plastic beakers. Insert a micro stirring bar into each
sdution.

6.1.3 Pipette 1.0 ml of sattrated s' odium fluoride into the water

blank. Do not pace the pipet into the bottom of the
sodium fluoride solution. Pipette from near the top of the
sdution.) Immediately pipette 0.5 ml of 10N 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 af ter acid addition to the

first sampe.)

6.1.4 At approximately five minutes, pipette 1.0 ml of saturated
sodum fluoride into the 0.5 ppm standard (second sampe).

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

0.5 ppm standard (second sampe) and swiri to mix.

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

6.1.7 Measure the millivott response (absdute) of the stirring

3 1 minutes and record the reading.0sdution at 10.0

6.1.8 knmediately transf er approximately 0.3 ml (seven drops) of

the sdution into the electrode micro dish and measure the
millivdt response (absolute) at 12 3 5 minutes.0

6.1.9 Rinse the electrodes with delonized water and blot off
excess water before proceeding to the next set of measure-

ments..

6.1.10 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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6.1.11 Measure the millivolt response (absolute) of the stirring
solution at 16.0 1 1 minutes and record the reading.0

6.1.12 Immediately transfer approximately 0.3 ml (seven drops) of

the solution in to the electrode micro dish. Mea.sure the
millivolt response (absolute) at 18 3 5 minutes and record0

the reading.

6.1.13 Rinse the electrodes with deionized water and blot off
excess water. Immerse the electrodes in deionized water.

6.1.14 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.. aandards

as two sample sets. "Ihe 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)

0 0 8 10.0+0.1 12.0+0.5
0.5 6.0 14 16.0!0.1 18.0!O.5
1.0 0 8 10.070.1 12.070.5
2.0 6.0 14 16.070.1 18.070.5
3.0 0 8 10.070.1 12.070.5
5.0 6.0 14 16.070.1 18.070.5

,

1

|

6.1.15 Plot the ppm boron on the logarithmic axis versus the
millivolt responses for the boron standards on the linear
axis of two-cycle semi-logarithmic graph paper. Using a
French curve, draw the best-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).

..__ - - - . _ -
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6.2 Sample Analysis (All millivdts 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.

6.2.2 Pipette 5.0 ml of sample xd 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: If the radiation level from a 5.0 mi sample is
excessive, the analysis may be performed using 1.0 ml of

sample and adding 0.20 ml of saturated sodium flouride
solution and 0.10 mi of 10N_ 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.

6.2.3 Pipette 1.0 ml of saturated sodium flouride into the boron
standard. Immediately pipette 0.5 ml of 10N sulfuric acid

into the standard and start the timer. Swirl to mix. (All
times mentioned in this section are based on the time after

acid addition to the standard solution.)

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

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

sample and swiri to mix.

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

.
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6.2.7 Measure the millivoit response (relative) uf the stirring
boron standard solution at 10.0 : 0.1 minutes. Using the
calibration control knob on the mL ivolt-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 at

3 5 minutes. Using the calibration control knob on the012

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 1 0.5 minutes and record the
reading. Proceed to step 6.2.11.

6.2.8 Rinse the electrodes with deionized water and blot off
excess water before proceeding to step 6.2.9.

6.2.9 At 14 minutes, immerse the electrodes into the sample at a

depth of approximately 1/4 inch.

6.2.10 Measure the millivolt response (relative) of the stirring
0.1 minutes and record the

I sample solution at 16.0 3
reading.

|

6.2.11 Determine the ppm boron in the sample from the calibra-

tion curve.

|

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

boron samples).

-

__ _
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7.0 FINAL CONDITIONS

7.1 Ensure all sampling bottles and liquid samples have been properly

disposed.

7.2 Rinse electrodes with deionized water. Check radiation level of
~

instruments and work area to ensure spillage of sample did not occur.

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

7.4 Store electrodes in deionized water and place the pH-millivolt meter

on "off" or " standby."-

65
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BACKUP PROCEDURE FOR BORON ANALYSIS BY CURCUMIN
SPECTROPHOTOMETRIC METHOD

1.0 OB3ECTIVE
f

This procedure is to be used as a backup method 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 rekolored product called 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 113
percent for post-accident matrix solutions. The total analysis time is about

120 miautes, excluding sampling and reagent preparation.
,

2.0 PRECAUTIONS

| 2.1 Very high dose rates and high levels of airborne radioactivity may be

i 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.
1

2.2 The follo ving precautions pertain to the analytical procedure:

2.2.1 The same geometry evaporating dishes must be used Ior all

| standards and samples to assure that evaporative rates are

equivalent.

|

2.2.2 The temperature of the bath must be controlled sa that all

samples dry at the same rate.

<

2.2.3 The curcumin reagent must be stored under refrigeration

af ter preparation and not be more than three days old.

2.2.4 Use 95 percent rather than 100 percent alcohol in
preparing the curcumin reagent.

_ _ . _ . _ _ . . _ _
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2.2.5 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 radioactive

lodine and gases during the analysis procedure. In checking ,

out the procedure, determine the thermostat setting for
55 2*C on the temperature controlling device and mark1
the setting.

. 3.0 INITIAL CONDITIONS

3.1 A diluted primary coolant sample has been obtained containing
between 0.5 and 2 ppm boron.

3.2 The following equipment must be available:

3.2.1 Water bath set at 55 3 2 *C in an operating fume hood.

'

3.2.2 Graduated cylinders,10 or 25 ml and 500 ml

3.2.3 Volumetric flasks,25 ml,100 ml,1000 ml

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

only).

3.2.5 Oxford pipettes with disposable plastic tips,1 ml, 4 ml, 5
mi,15 ml,20 mi and 5 mi Mohr pipette.

3.2.6 Beakers,250 or 400 m1, wide form
-

3.2.7 Tongs,53 cm

3.2.8 Rods, polyethylene

3.2.9 Medicine droppers

67
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3.2.10 Filter paper, Whatman No. 30 or equivalent, and glass or

plastic funnel,

3.2.11 Cells,1.0 or 1.9 cm (for spectrophotometer)

3.2.12 Spectrophotometer, Bausch and Lomb Spectronic 20, or
equivalent

3.2.13 Semi-logarithmic graph paper, dual cycle

3.3 The idlowing reagents must be available or prepared:

1

3.3.1 95 percent isopropyl alcohol - Measure 475 ml of 100 |

percent isopropyl alcohd in a 500 ml graduated cylinder. |

Dilute to 500 ml with water and mix.

3.3.2 Curcumin Reagent - Dissolve 40 mg of finely ground
cwcumin (Eastman No.1179, or equivalent) and 5.0 g of

oxalic acid (reagent grade) in approximately 80 ml of 95

percent isopropyl alcohd in a 100 mi vdumetric flask.
Mix, and add 4.2 ml of concentrated hydrochloric acid

(12.lM_). Dilute to 100 ml with 95 percent isopropyl
alcohol.

NOTE: 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.

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

3.4 The idlowing standard solutions must be available or prepared:

|
t

3.4.1 Prepare a 10.0 ppm boron solution by pipetting 10.0 ml of
the 1000 ppm boron standard into a 1000 ml vdumetric j

flask and dilute with deionized water. Prepare the working
__ .

._
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standards by diluting the 10 ppm standard boron solution as*

follows:

ml of 10 ppm Boron ppm Boron
Solution Diluted Boron )

to 100 ml Standards j

5.0 0.5 l

10.0 1.0
15.0 1.5
20.0 10

3.4.2 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 indudes processing standard boron solutions

along with the sampes. 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.

4.0 CHECK OFF SHEET

i-

4.1 None.

5.0 PROCEDURE

5.1 Pipette 1.0 ml of water (blank) and 1.0 ml of the 0.5,1.C, i.5 and 2.0

ppm boron standards into separate labeled evaporating dishes. Also

pipette 1.0 ml 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 hande the two

.

radioactive samples.
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5.3 Piace each evaporating dish on the bottom of the 250 or 400 ml wide-

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

Float the beakers in a water bath set at 55 2 *C.

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

5.5 Remove the evaporating dishes from the bath at 15 minutes af ter the

contents appear dry and allow them to cod to room temperature.

5.6 Add approximately 10 ml of 95 percent isopropyl alcohol to each
evaporating dish. Use a polyethylene rod to aid in dissolution of the'

red-colored reaction product and oxalic acid.

3.7 Using a medicine dopper, transfer the contents of the evaporating
dbhes to individual 25 ml volumetric flasks which have been pre .

viously rinsed with 95 percent alcohol. Rinse the evaporating dishes

with 95 percent alcohol and add the contents to the flasks. Dilute -
the contents of each flask to 25.0 mi using 95 percent alcohol.

5.8 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
directly into a dean, dry spectrophotometer cell.

5.9 Plot the percent transmittance for the standards on the log axis of
dual cycle semilogarimetric graph paper against concentration Qinear

axis). Draw the best fit straight line through the data points.

5.10 Determine the ppm boron in each sample from the calibration curve.

5.11 Calculate the average boron concentration for the duplicate samples.
7

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

6.0 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 levels.

6.4 All workers should check their dosimeters to determine personnel

exposure during the analysis.

i

-
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TABLE IV-1

BASIS FOR FISSION - PRODUCT MATRIX SOLUTION

|

Radioactive 'Pu
Decay Fission Calculated

Fission Conspapp) Yield, (g Moles g CalculgdPercent

Product See Atom /Fis. Release Liter nom

127-I Stable 4.938 (-3) 7.236 (-5)
128-1 4.621 (-4) 1.140 (-6) 6.437 (-13)
129-I 1.304 (-15) 1.511 (-2) 2.214 (-4)
130-1 1.298 (-3) 1.246 (-5) 2.505 (-12)
131-1 9.977 (-7) 3.745 (-2) 9.794 (-6)
132-1 8.426 (-5) 5.274 (-2) 1.633 (-7)
133-I 9.257 (-6) 6.930 (-2) 1.953 (-6)
134-I 2.196 (-4) 7.286 (-2) 8.657 (-8) j

'

135-I 2.924 (-5) 6.312 (-2) 5.632 (-7)
50% 3.063 (-4) 38.9

Total -
,

133-Cs Stable 6.973 (-2) 6.131 (-4)
134m-Cs 6.639 (-5) 1.650 (-6) 3.891 (-12)

-134-Cs 1.067 (-8) 3.290 (-6) 2.176 (-8)
135-Cs 9.556 (-15) 7.473 (-2) 6.570 (-4)
136-Cs 6.17 1 (-7 ) 1.055 (-3) 2.676 (-7)
137-Cs 7.302 (-10) 6.692 (-2) 5.764 (-4)
138-Cs 3.588 (-4) 5.454 (-2) 2.380 (-8)
139-Cs 1.242 (-3) 5.187 (-2) 6.538 (-9)

30% 1.847 (-3) 246
Total

134-Ba Stable 3.310 (-6) 9.700 (-10)
135m-Ba 6.709 (-6) 2.880 (-8) 2.240 (-14)
135-Ba stable 7.473 (-2) 2.190 (-5)
136-Ba Stable 1.056 (-3) 3.095 (-7),

! 137-Ba Stable 6.695 (-2) 1.962 (-5)
138-Ba stable 5.662 (-2) 1.659 (-5)
139-Ba 1.387 (-4) 5.642 (-2) 2.123 (-9)
140-Ba 6.273 (-7) 5.571 (-2) 4.634 (-7)
141-Ba 6.313 (-4) 5.326 (-2) 4.402 (-10)
142-Ba 1.080 (-3) 4.841 (-2) 2.339 (-10)

12 5.889 (-5) 8.1
Total

l 137-La 3.663 (-13) 4.720 (-9) 1.383 (-12)
I 138-La 2.099 (-19) 1.210 (-7) 3.008 (-11)

139-La stable 5.642 (-2) 1.653 (-5)
140-La 4.786 (-6) 5.582 (-2) 6.086 (-8)
141-La 4.975 (-5) 5.360 (-2) 5.622 (-9)
142-La 1.250 (-4) 4.999 (-2) 2.087 (-9)

12 1.660 (-5) 2.3
Total .._

_ _
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TABLE IV-1
BASIS FOR FISSION-PRODUCT MATRII SOLUTION
PAGE 2

Radioactive 239 ,7
Decay Fission Calculated

Percent Moles y CalculgdYield,Fission Consgagg) Atos/Fis. (g) Release Liter mraProduct See

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) 5.001 (-2) 1.466 (-5)
143-Ce 5.735 (-6) 4.558 (-2) 4.076 (-8)
144-Ce 2.421 (-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 11 3.783 (-5) 5.3

NOTES:

(1) M. E. Meek and 3. F. Rider, Compilation of Fission Product Yields.
Pleasanton, California General Electric Company, Vallecitos Nuclear
Center, January 1974, NEDO-12154-1

(2) Based on chain fission yields at 650 days of operation for a 3391 Mwg g)
core with a coolant volume of 11,892 ft (no~ formation or removal viA
activation considered).

(3) Based on natural isotepc.

.
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TABLE IV-2 ;

'

PLANT PAIULMETERS USED IN ACCIDENT EVALUATION
FOR MATRIX EFFECTS

Parameter Value Used
3Reactor Volume, ft.3 11,892 f t

Additive During Accident:

30% NaOHType

Chloride Level 25-50 ppm ")I

Voltane, gal 4000

Water in Stamp:
,

Source RWST/ Accumulators

Volume, gal 400,000

Chloride Level <1 ppm (

Core Thermal Power 3,391 MW(g)

Time at Power 650 days

f

(a) This is the chloride level in the spray additive tank solution
determined in a series of measurements made in two PWR reactor
plants.

(b) Based on the chloride inventory available in the spray additive
tank solution. This could increase to 10 ppa or more from
leaching action on insulation and cement.

_

. $e-
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TABLE IV-6

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

Standard Measured Measured

Date Curve Used Sample nos Boron mV opa Boron Comment

May 30, 1980 1 5 2.00 259.0 1.98

June 9, 1980 5 3 2.00 25 9 .0 2.62 Electrode used after
F 2.00 260.6 2.48 being dry for about
H 2.00 264.7 2.01 a week - drift noted.

June 9, 1980 6 H 2.00 25 9.2 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 ppa

DD 0.46 285.0 0.52 standard.
FF 0.46 284.9 0.53
2 0.46 285.7 0.50

June 10, 1980 8 BB 0.46 284.4 0.66
<

DD 0.46 285.4 0.63
FF 0.46 284.8 0.65
Z 0.46 286.8 0.58
3 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. (S.D.) 2.00 260.0 (11.6) 2.15 (1 19)

Avg. (S.D.) 0.46 285.3 (11.5) 0.56 (30.07)
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IABLE IV-7

| ANALYSIS RESULTS FOR DILUTIONS OF POST-ACCIDENT MATRIX
SOLUTIONS USING RECOMMENDED ANALYSIS PROCEDURE

J

Standard Used
Actual to Adjust Meter Measured Measured

Sample ppa Boron to Calibration Curve mV ppa Boron

VEP-Al 0.50 0.50 (287.1 mV) (a) 286.9 0.51
(b) 284.9 0.59

VEP-B1 2.5 3.0 (251.4 mV) (a) 256.2 2.48
(b) 255.0 2.60

VEP-C1 2.0 2.0 (261.3 mV) (a) 260.2 2.10
(b) 262.6 1. 90

1

VEP-D1 0.50 0.50 (287.1 mV) (a) 288.7 0.44
(b) 286.1 0.54

| VEP-El 2.0 2.0 (261.3 mV) (a) 261.5 2.00
(b) 260.5 2.06

VEP-F1 2.0 2.0 (261.3 mV) (a) 262.4 1.91
(b) 261.5 1.98

VEP-G1 2.0 2.0 (261.3 mV) (a) 262.1 1. 94
(b) 262.0 1.95 |

I

i

,

--.
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TABLE IV-8 i

~ BORON ANALYSIS RESULTS
IONICS STANDARDS

|

ops Error Z Errorppa
Sample Type Baron Analysis Results g g A3 Max

Boric Acid 5000 4953,4956,4941 -50 -59 -1.0 -1.18

Boric Acid 3243 3174,3178,3177,3176 -67 -69 -2.06 -2.12

Boric Acid 1000 1011,993,986,1023, 6 19 0.6 1.9
1019,1000,1003,1001
1009,1012,1009

Basic Boron 500 515,515,513 14 15 2.8 3.0

Boric Acid 200 203,202,202 2 3 1.0 1.5

Boric Acid 50 50,49,49 -1 -1 -2.0 -2.0

i

i

*A 20 ppa bicnk is subtracted from results.

,

,

i

+
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TABLE IV-9

BORON REPRODUCIBILITY RESULTS
2000 ppm IONICS STANDARD

Analyeis ppa % Analyais ppm %
Results DEV Error Results DEV Error

1975 -25 -1.25 1975 -25 -1.25
1977 -23 -1.15 1975 -25 -1.25
1973 -27 -1.35 1975 -25 -1.25
1974 -26 -1.3 1975 -25 -1.25
1974 -26 -1.3 1974 -26 -1.3
1977 -23 -1.15 1975 -25 -1.25
1977 -3 .15 1977 -23 -1.15
1975 -25 -1.25 1977 -23 -1.15
1975 -25 -1.25 1998 -2 -0.1
1973 -27 -1.35 2000 0 0
1973 -27 -1.35 1974 -26 -1.3
1973 -27 -1.35 1978 -22 -1.1
1979 -21 -1.05 1981 -19 -0.95
1976 -4 .2 1977 -23 -1.15
1973 -27 -1.35 1977 -23 -1.15
1974 -26 -1.3 1977 -23 -1.15
1973 -27 -1.35 1978 -22 -1.1
1973 -27 -1.35 1981 -19 -0.95
1974 -26 -1.3 1982 -18 -0.9
1975 -25 -1.25 1977 -23 -1.15
1974 -26 -1.3 1978 -22 -1.1
1974 -26 -1.3 1978 -22 -1.1
2002 2 0.1 1977 -23 -1.15
1974 -26 -1.3 1981 -19 -0.95

1974 -26 -1.3

Average error = -1.05%
Maximum error = -1.352

._ __ _ __ _ .- -

he..
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TABLE IV-10

BORON ANALYSIS RESULTS
NUS POST-ACCIDENT MATRICES

ppm Analysis pga Error % Error
Sample Type Baron Results* g Mar Avg Max

Boric acid VEP-A 500 508,512 10 12 2.0 2.4
i

Basic boron VEP-C 2000 1973,2001,1996 -10 -27 -0.5 -1.35

Basic bocon VEP-F 2000 2013,2015 14 15 O.7 0.7

Boric acid - Matrix VEP-D 500 526,518 22 26 4.4 5.2

Boric acid - Matrix VEP-E 2000 2001,2007 4 7 0.2 0.35

Boric acid - Matrix VEP-B 2000 2012,2011 12 12 0.6 0.6

Boric acid- 5000 4925,4933,4938 -68 -75 -1.36 -1.5

Boric acid VEP-B 2500- 2456,2462 -41 -44 -1.64 -1.76
,

Boric acid 1000 1034,1028 31 34 3.1 3.4

Boric acid 100 99,97 -2 -3 -2.0 -3.0

l

*A 20 ppa blank is subtracted from results.

Note: See Table IV-3 for composition of matrix solutions.

! S3
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l FIGURE E -I,e _

,. FLUOROBORATE ELECTRODE RESPONSES: 5.0 mi SAMPLE,

s. 1.0 SATURATED SODIUM FLUORIDE,0.5 ml 12 N HYDROCHLORIC
ACID; RESPONSES RECORDED AT 10.0 MINUTES7

(5/30/80)
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FIGURE E-2
id- FLUORO 90 RITE ELECTROCE RESPONSES: S.O mi SAMPLE,1.0 mi

SATURATED S001UM FLUCRIDE, 0.5 ml 10 N SULFURIC ACID;
,

RESPONSES RECORDEO AT 10.0 MINUTES (5-30-80)
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FIGURE E-3
FLUOROBORATE ELECTRODE RESPONSES: 5.0 mi SAMPLE,
1.0 mi SATURATED SODIUM FLUORIDE, 0.5 ml 10 M -

*" SULFURIC ACID (5/30/80)
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FIGURE M-4

'f AVERAGE 'FLUCROBORATE CALIBRATION CURVE SHOWING TWO
SIGMA INTERVALS 5.0 mi SAMPLE,1.0 mi SATURATED S001UM
FLUORIDE,0.5 mi 10 H SULFURIC ACIO (10 TRIALS)'

(ORION 90-01 SINGLE JUNCTION REFERENCE CELL)
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FIGURE E-5i,

AVERAGE MILLIVOLT DIFFERENCES SETWEEN 5.0 ppm BORON.

AND OTHER STANDARD SOLUTIONS SHOWING TWO SIGMA.

INTERVALS 5.0 ml SAMPLE,1.0 ml SATURATED SODIUM
.

FLUORIDE, 0.5 ml 10 N SULFURIC ACID
'

(ORION 90-01 SINGLE JUNCTION REFERENCE CELL)
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V. CHLORIDE ANALYS5 DEVELOPMENT

A. ION CHROMATOGRAPH ANALYSES

Ion 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 flow rate. The effluent from the separator column

is then fed to the suppressor column. The suppressor column 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 passed 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 ,4

PO , etc.) can be determined quantitatively with IC. ' Typically, anion
4

analysis are performed with an eluent containing 0.003M sodium bicarbo-

nate/0.0024 molar sodium carbonate. This eluent could not be used in this
application because it did not separate the borate and chloride peaks.

1. Model 10 Dionex lon Chromatograoh

It was determined that this instrument, combined with an externally

attached strip chart recorder, can be used fer in-line chloride

. _ _
__ _ _
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I analysis under normal or post-accident conditions. The IC contains j
eluents, regeneration sdution, demineralized water, an eluent pump, y
a regeneract pump, a sample injector, an anion separator column, M
anion suppressor cdumn, a conductimetric detector and meter, and

-

;

an instrument control panel. Air operated valves are used for liquid _

_

:

=
; control. The flow scheme is shown in Figure V-1. 8

,

The suppressor column is regenerated twice per day when used h
-

-

~ continually in this application. An automated system pumps regener- _"
ant solution (IN H SO ) through the resin fdlowed by rinse water. -]

2 ge

Regeneration flow is opposite to normal flow.
-

=:
e,
m

-

i 2. Initial Deveicomental Effort g;

_

n
2~

-

_ Test solutions used simulated actual solutions expected during post-|
E

accident conditions (e.g., up to 2000 ppm B as boric acid in acid and _7

basic matrices with the addition of simulated fission products). -

E

Various concentrations of chloride from 0.1 ppm to 10.0 ppm were q
added to these solutions for subsequent analysis. A list of solutions _j

,

g :
prepared and subsequently analyzed is given in Tabic V-1.;

. _ . =
F

Initial testing was performed using a standard three-column system ]
g

and a sodium carbonate / bicarbonate eluent. This approach proved[
unsuccessful because of overlapping between the boron and chloride j

e 8
peaks. Both peaks occurred at approximately three minutes after _

1
-

injection. The problem was corrected af ter an intensive investigative 3
E

-
-

effort resulting in the following system changes: j
L e
E b

The 3 x 150 mm precolumn was removed j
a.g t

--

,

b. The 3 x 500 mm anion separator column was changed to a 3 x 250

> mm c. ion separator column.
p

;

c. The eluent was. changed to 0.005 M_ sodium tetraborate

(Na 0 0 ).247

;

.

. - - . . , . ,

-
- .

. . . . .. . . . . , , . . . , , , ,
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3. 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 Tables

V-2 through V-5; however, problems developed with continued opera-
tion of the system. Chloride concentration determinations deviated

from linearity (Tables V-2 and V-3), and the time required for the
chloride peak to develop progressively decreased. The problem was

corrected with installation of new colurnns. 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
lonized, and consequently does not easily displace the more tightly
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 lon-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 carbonate

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 rettrns 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 eluent followed by regeneration. Complete re-
covery of the columns was achieved with respect to linearity and
reproducibility of results using this treatment. However, absolute

-~

_ . _ _

'
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values for peak heights for standard solutions were diminished from

new cdumn 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 cdumns 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 cdumns

should be replaced every year.

The calibration curves obtained with the new (Curve 1) versus dd
cdtunns (Curve 2) are shown in Figure V-2. Excellent linearity was

obtained with both sets of columns; however; it is noted that the

slopes are different with the two sets of cdumns. Figures V-3 and V-
4 show the chromatograms obtained for two points on Curve No. 2 in

Figure V-2.
.

The results indicate that in matrices up to 2,000 ppm boron (acidic or

basic sdutions) 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 sample chloride concentra-
tion from anglysis results varies about f,15 percent in the range of 0.1

- 1.0 ppm chloride ion and 20-25 percent for higher chloride concen-
trations. 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 obtained for samples analyzed with the dd, '.

reconditioned cdtsnns. These data are listed in Table V-5. Although

the slope of the calibration curve differs from that obtained for new
cdumns (Figure V-2), accuracy of results was the same as that

obtained with the new columns.
.

93
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4 Other lon 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 following:

Morpholine

Hydrazine

Ammonia
'

Natural and synthetic olis

Testing was performed to determine if these contaminants would

affect chloride determinations with the ion chromatograph. In

addition to thig, testing was also performed to determine if the ion-
chromatograph can be used to perform low-level fluoride analyses on

,

a routine basis. Results of this work are reported below,

a. Morpholine, Hydrazine and Ammonia

A 5 ppm morpholine standard and a 200 ppm hydrazine standard

were analyzed by ion chromatography. Figures V-5 and V-6 show

the chromatograms obtained from these samples. No chloride
peak was noted in either sample. It was also determined that the

presence of hydrazine will not affect results where chloride is
present. /. test solution containing 2000 ppm B plus i ppm Ci
and fission products was analyzed alone and after adding 3 mi of
a 1,000 ppm hydrazins standard to 10 mi 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 conductivity was noted at any
time after injection. Ammonia is removed in the strong cation
suppressor column with the resulting formation of pure water.

_

...
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b. Oil

Two oils were tested for their effects on chloride analysis, (1) a

natural oil (Gulf Pride 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 sdutlor.s were evaluated because oil contamination
could only be present when there is release of reactor coolant to
the containment. Under these conditions, the codant will be
basic because of the release of caustic spray to the containment.

The following information was obtained from these tests:
-

(1) The addition of both oils increases the chloride results for
Thisstandard sdutions obtained by about 10 - 30 percent.

result could well be due to chlorides present in the oils;
however, this was not verified by independent test.

(2) The time for the chloride peak to emerge is progressively
reduced indicating adverse effect to the cdumns. Organics,

and in particular oils, are known to be harmful to resins and
it can be assumed that the presence of oil contamination

will shorten column lif e.

(3) 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 by analyzing Solution i

(basic boron containing 1 ppm C1 and simulated fission
Chromato-products) with and without both types of oils.

grams of Solution 1 alone and Solution 1 with the addition of
the synthetic oil are shown in Figures V-8 and V-9 respec-

tively. Inspection of the tables and figures show the higher

95
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value for chloride obtained after oil addition. Subsequent
oil-free chloride standards analyzed also showed higher peak

heights indicating that mere is a memory effect associated
with oil contamination.

Regeneration of the columns af ter analyses of the oil-
contaminated samples was performed by first injecting two,
3-ml acetone rinses to the system, fallowed by a 15 minute

sodium carbonate flush, and then normal regeneration. Re-
generation af ter 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 oil 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.

c. 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-

100 ppb F) in 100 ppm and 1 ppm B matrices. The F~
concentrations were determined by ion chromatography using the
calibration curve shown in Figure V-Il as the reference

_

standard. Table V-7 lists the data obtained. Good agreement

96
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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 25 ppb. Accuracy of analyses is about

10 percent. Typical chromatograms for F~ in a low level boron3
matrix are shown in Figure V-12.

analyze F~ concentrations in solutionsAttempts made to
containing high level boron concentrations were unsuccessful.
There is overlap 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 analyrt 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.

d. Iodide

An interest hr.d been expressed by Commonwealth Edison con-

cerning the feasibillty of Ion chromatograph analyses of primary
.

This holds some
coolant for radioactive iodine determinations.
promise in theory, since the lodine is released at a later time
from the columns than is chloride. Iodine can be present at
concentrations in the range of 20-40 ppm under reference
accident conditions; therefore it should be in the detectable

range with lon chromatograph.

A series of tests were performed using standard solutions con-

talning 0.5 to 100 ppm lodide. No lodide peak could be 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

te obtain an lodide determination.

97
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5. Summary of the Chloride Analysis Development Effort

The ion chromatograph columns required for chloride analyses ina.

the presence of boron are:

3 x 250 mm anion separator column

6 x 250 mm anion suppressor cdumn

b. A 0.005 molar sodium tetraborate sdution is required as an
eiuent.

c. . Regeneration is required about once every four hours during
continuous operation of the sy:: tem.

d. During continuous operation of the system, the columns must be

cleaned on a daily basis or every other regeneration by pumping
0.006 molar 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 samplese.

by analyzing a chloride standard.

'

f. New calibration curves are required when columns are changed,

since each set of columns will show slightly different results
with respect to peak height and possibly retention time.

I
i

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

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

--
- - -
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L 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.

J. There is a memory effect resulting in higher chloride peak levels

associated with analyses of oil contaminated samples. This

memory effect is more pronounced with synthetic oils. Cleaning
of the cdumns with a sodium carbonate flush followed by

regeneration is required to return the columns to their original

condition.

B. SELECTIVE ION ELECTRODE (SIE)

The selective ton dectrode (SIE) can provide for rah aad accurate
determinations of chloride leves under certain conditions. Essentially,
the method involvas adjusting the pH to approximately 2 to 4 and
measuring the SIE response reative to a reference cell. The response in
millivdts is related to the chloride level (i.e., for every decade change in
chloride' concentration the response should change by about -59 millivolts

under ideal conditions).

In the investigative work performed, NUS selected Graphic Controls

Model PHI 91100 Ultra-Sensitive Scild State Chloride Electrode for this
study. A double-junction reference cell, Graphic Controls No. GC 54473,

was used in place of the conventional silver / silver chloride reference cell

to eliminate chloride contamination from the reference cell fill solution
(4 M potassium chloride saturated with silver chloride). This particular
electrode system will distinguish 10 ppb chloride from pure water, and has

a working range up to about 1.0 M chloride.

To use the system, about 1.0 ml 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 af ter it has stabilized. Moderate stirring is required.

The response in millivolts is related to the chloride concentration.

99
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Because the post-accident reactor water will contain lodide at a signifi-
cant level, direct measurement of chloride is not feasible. The following
sections discuss removal of this interference and analysis of the matrix

sdutions.

1. Iodide Oxidation by Hydrogen Peroxide

Table V-8 shows the Graphic Contrds electrode response to iodide

levels. Table V-9 gives the response to standard chloride solutions

and the response to these colutions with 0.99 ppm lodide. Note that
as the chloride level increases, the interference from 0.99 ppm iodide |

is less significant. Other calibration data are given in Table V-10.
One method of minimizing the iodide interference is to oxidize iodide

to lodate. In acidic sdutions, hydrogen peroxide will effect the

desired oxidation. Figure V-13 shows that 4.0 ml of 30 percent

hy& ogen peroxide will result in a stable electrode response within

eight minutes. Tests showed that lower peroxide additions result in

much longer reaction times.

Table V-9 also gives the apparent chloride levels of the standards
after iodide oxidation. The data shows that in the presence of 0.99

ppm iodide, chloride levels cannot be accurately measured af ter

i hydrogen peroxide treatment. These measurements are illustrated in

Figure V-14.

Figure V-15 shows the electrode system response to the chloride
standards with and without peroxide addition. When compared to the

|
Figure V-14 data in Table V-9, the 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 chloride level with different

iodide levels upon peroxide treatment.

Table V-11 gives the analysis results of the PWR post-accident

matrix samples. The millivdts readings were related to three

calibration curves:

_

__
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a. The pure chloride standards.

b. The pure chloride 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.

c. The pure chloride 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
chloride standards with the peroxide and no iodide addition are used

(last column of Table V-ll).
.

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

af ter the reaction with iodide, including hydrazine and ferrous
compound additions. Results were uriacceptable. Heating will
destroy the residual peroxide, but this is not plausible with the

-

volatile radioactivities, plus the electrode response is sensitive to

temperatwe.

Thus, evaluating chloride levels in post-accident reactor waters by
using SIE measurements af ter peroxide additions is unacceptable with

the electrode tested.

2. Iodide Oxidation by Sodium Nitrite with Subsequent Solvent
.

Extraction

A common radiochemical procedure for radiciodine uses solvent
extraction techniques. After oxidation-reduction steps to effect
exchange of carrier iodine with various radioactive species, lodide in

10 1
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an addic environment is oxidized to free iodine with sodium nitrite
and extracted into 1,1,1-trichloroethane. Other steps follow.

The same technique can be used to remove iodide from the matrix
sdutions. However,1,1,1-trichloroethane should not be used with

highly radioactive samples, as the gamma activity levels may be
sufficient to effect iodine reaction with the sdvent (i.e., possiWe
substitution for chlorine). The author has had experience with this

proWem, and used carbon tetrachloride or cydohexane for the
extraction. However, OSHA requirements may limit the use of |
carbon tetrachloride, and cyclohexane is' unacceptable because it is

lighter than water. i

Figure V-16 shows the Graphic Controls electrode system response to

pure chloride standards, pure chloride standards with sodium nitrite,
and the standards spiked with 0.99 ppm lodine, which was removed

after sodium nitrite addition and sdvent extraction before measure-
ment. As with the hydrogen peroxide additions, the sensitivity of the

system is decreased.

Before these measurements were performed, the chloride 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
adjusted for pH and lonic strength with 2.0 M nitric acid. The pH

should be between 2 and 4. About 4 ml of carbon tetrachloride was
1
' next added, and finally 1.0 mi of 1.0 M sodlucn nftrite solution was

added. The mixture is rapidly stirred for three to five minutes and
allowed to separate for about two minute.s. The toplayer (aqueous)is

poured off (alternately, the bottom layer of organic could be
drained). The solution is moderately stirred and the millivolts

reading is taken af ter a stable reading is obtained. The temperature

is also noted. The millivolts is related to the chloride level.

..

102

- _ _ _ _ _ _ _ _ _ _ _ _ _ .



,
..

- _ - _ _ _ _

-
. . . .

. - -
-

_ ._ _.

Table V-12 gives the results for the PWR matrix solutions. Two sets
of measurements were made - one per procedure outlined above and a

second set to which an additional lodide addition to 0.99 ppm was

added. The resdts were compared to calibration data with pure
chloride standards to which 1.0 ml of 1.0 M sodium nitrite was added,

and also to chloride standards which contained 0.99 ppm iodde

extracted with carbon tetrachloride af ter nitrite addition. The

resets show acceptable results when the former calibration data are

used, giving an average percent error of about 15 percent for chlorides

levels between 176 ppb and 6294 ppb.

Table V-13 gives the results for the BWR matrix solutions. No

addtional lodine spike was added to these solutions. The average
error for this set was 28 percent, which does not indude a control

sample from the previous set.

These results show that chloride analysis af ter lodine removal is
feasible, but results for less than about 200 ppb chloride are marginal

because of the decreased sensitivity, Figure V-16. Other negative

features includes

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

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

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

the electrodes.

d. Organics will present a problem for subsequent cleanup of waste

solutions by lon exchange resin.

10 3
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Using carbon tetrachloride may present safety problems because 'e.

of OSHA requirements.
I

The most promising SIE technique NUS used was to oxidize

iodide to higher oxidizable states. Higher oxidizable states

affect the chloride SIE to a much iesser 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 analyses.

,

C. OTHER METHODS CONSIDERED

1. Mercuric Nitrate Titration

The mercuric nitrate titration procedure is a standard method for

chloride. First, diphenylcarbozone-bromophenol blue indicator is
added to 100 mi of sample and the pH is adjusted. The sample is
titrated with standardis.ed mercuric nitrate solution using a micro-

buret. The volume of titrant is related to the chloride level. The
accuracy is about 3 1 ppm for chloride values less than 0.5 and 1200

percent for higher concentrations.
,

This method is not suitable for post-accident analysis requirements

because of the ioilowing considerations.

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

level.
>

pH adjustment may be difficult for sump samples containing theb.
!

sodiurn hydroxide from the spray additive tank.
l

4

... --.
_.
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c. End point color changes are difficult to perceive for many
analysts using this procedure. Relatively close contact to the
sam #e is required to detect the end point and this would result

in excessive radiation exposure.

2. hwechotometric Techniques

A common spectrophotometric method for chloride is performed on
waters containing 0.02 to 10 ppm chlorides. Solutions of ferric
ammonium sulfate and mercuric thiocyanate are added to 25 mi of

sampe. An orange cdor will develop if chlorides are present. The
intensity of the color is determined with a spectrophotometer and
related to the chloride concentration.

.

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

a. Handling 25 mi of undiluted sam #e for a spectrophotometric
method will result in very high radiation exposure,

b. Iodides interfere with the method.

3. Turbidimetric / Nephelometric Chloride Techniques

Turbidimetric and nephelometric chloride techniques involve the
formation of a chloride precipitate. The turbidimetric method
measures the sampe turbidity, whereas the nephelometric techniques

compare the sam #e turbidity to standards assigned empirical values.

Chloride levels from about 0.1 to 10 ppm could be determined by

these methods.

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

a. Greater than about 25 mi of undiluted sample is required for
,

these techniques. This will result in very high radiation
exposure.

10 5
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b. Too many matrix variables affect the sample turbidity -pH,
suspended matter, temperature, lonic environment, and time for 3

development.

c. The fission product iodide would cause an interference.

I

at

.
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ANALYTICAL PROCEDURE FOR
CHLORIDE ANALYSES BY ION CHROMATOGRAPHY

1.0 PURPOSE

This procedure is to be used for measuring chloride concentration for the

range of 0.1 to 20 ppm in primary codant water samples. The estimated

precision is about 315 percent for the range of 0.1 to 1 ppm and 320 percent
.

for the range of 1 to 20 ppm. Accuracy of analysis for the higher range can

be improved to about 310 percent by calibration in that range. A chloride
determination can be obtained within 15 minutes after primary coolant is

charged to the ion chromatograph.

2.0 PROCEDURE

! 2.1 Initial Conditions

i

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 lon-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 (Na 0 0 *10H O)247 2
:

1

Dissolve 7.63 grams of Na B o '10H O in 4 |2g7 2
|

2 - 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 indcated in the Instrument manual.

2.1.5.2 0.006 M Sodium Carbonate (Na CO '10H O)2 3 2

Dissolve 6.87 grams of sodium carbonate in four

liters of deionized water. Transfer the solution
to a four liter collapsable container, remove
excsss air, and label the container. Connect to

il.ne E-1 in the reagent storage facility of the ion

chromatograph. Open the container valve and
vent feed 11nes.

2.1.5.3 IN H SO2 g

Add 120 ml of concentrated sulfuric acid to four

liters of delonized 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 !!ne.

2.1.5.4 Deionized Water Rinse

Fill a four liter collapsable container with
deionized water. Remove exce:s air from the
bottle and label. Connect it to the waterline in
the reagent storage facility. Open the container
valve and vent feed lines.

10 8
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2.1.5.5 . For PWR plants, check that the chloride calibra-

tion solution tank is over half full with standard
solution containing 2000 ppm B (as boric acid)

and 1 ppm chloride. Use a 1 ppm standard j

without boron for BWR plants. A chloride
standard should be analyzed after every four

unknown samples.

2.2 System Startup

2.2.1 Place the POWER and AIR switches on.

4

2.2.2 Check that the IN3ECT switch is in the load position
(down) and the E-2 switch to the on position (up).

2.2.3 Place the SEPARATOR switch on (up position) and the ,

suppressed edumn switch to the on position (up).

2.2.4 Turn the pump switch to the on position and operate the

system for about 30 minutes or until the baseline on the
recorder stabilizes with the UMHOS switch in the 1 posi-

tion. Leave the UMHOS switch in the 1 position for
i

|
subsequent calibration and analyzer operations.

l

i

2.3 Analyzing Standards and Samples

Refer to the attached Chemical Analysis Panel drawing (Figure III-1)

when analyzing standards and samples.

2.3.1 Perf arm the f allowing valve lineups for chloride analyzer'

calibration.

2.3.1.1 Check shut valves 8,9 and 10.

2.3.1.2 Open valve 9 to pressurize the chloride calibra-
tion solution tank to 50 psig.

. . --
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2.3.1.3 Align valve 7 to the chloride analyzer (line L-
25).

2.3.1.4 Place the IN3ECT switch on the analyzer to the

LOAD position.

2.3.1.5 Open valve 8 and allow the standard to flush
through the analyzer through lines L-25 and L-26

for a period of ilve minutes. Check the flow
indicator to assure that there is flow through the

line.

2.3.1.6 After five minutes, place the INJECT switch to
the IN3ECT position and press the events-

recorder. This will inject 0.2 ml of the solution
to be analyzed and mark the time of injection on

the strip chart recorder. The chloride peak will
occur at six minutes af ter injection. This serves

as a reference point to determine the chloride
concentration in the subsequent unknown

samples.

2.3.1.7 The solution will be automatically flushed from

the analyzer and anion coltann. Allow approxi-
mately 30 minutes to complete this operation.
Place the inject switch on the ion chromatograph

in the load position.

2.3.1.8 Shut valves 8 and 9. Then align valve 7 to rinse

the lines-25 and L-26 with deionized we.ter
(through line L-24) for a period of five minutes.

Secure the flush water rinse.

2.3.2 To analyze reactor coolant:

2.3.2.1 Align valve 7 to the chloride analyzer and open j

the shutoff valve on the primary cociant inlet

110
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line. Allow reactor coolant to flow to waste for
a period of five minutes. Check the flow meter j

linstalled in line L-25 f or 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.

2.3.2.4 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 Under post-accident conditions, column regeneration is

performed as soon as practicable after completing the
chloride analyses. Regeneration will significantly reduce
or virtually eliminate the resin coltrnns as a radiation

source. ,

2.4.2 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 chloride standard. A sodium carbonate
-

_ -.

W
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flush is performed prior to every other regeneration. Go to

step 2.4.5 if only regeneration is required.

2.4.3 The following valve lineup is initially required for flushing
of the resin columns.

Mode Switch Zero

El Switch Up (on)

E2 Switch Down (off)

Separator Switch Up (on)

Suppression Switch Up (on)

Pump Switch Up (on)

2.4.4 This valve lineup will provide for sodium carbonate flushing

of both coiwnns. Operate fer 15-20 minutes, then turn the
El switch to the water position (down) and flush for 10
minutes.

2.4.5 Turn the Suppressor Switch to Bypass / Regeneration

Oown).
.

2.4.6 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 ilght will be activated.

.
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IABLE V-1
-

SOLUTIONS USED IN Cl ANALYSIS PROGRAM

Conc. ppm
Boron Iodide 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 - -

Soln'3 250 0.25 1.25 0.125 0.125 6.25 - -

Coln 4 2000 2 10 2 1 - - -

Soln 5 1000 1 5 1 0.5 - - -

Soln 6 500 0.5 2.5 0.5 0.25 - - -

Soln 7 250 0.25 1.25 0.25 0.125 - - -

0.16 0.160.051,19 6.28 --Soln 8 -

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 -

Soln 11 2000 1.19 6.28 1.98 10.0 500 - -

Soln II 2000 1.19 6.28 1.98 10.0 -- -

0.2 -- -
- - -

Soln 13 -

0.5 - - -

- - -

Soln 14 -

1.0 - - -

- - - -

Soln 15
- - -5.0- - -

Soln 16 -

10.0 - - -

- - -

Soln 17 -

|
,

|

l

1
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TABLE V-2

ANALYSES OF STANDARD SOLUTIONS
(NEW CDLUMNS EARLY IN LIFE)

.

Solution No. Conc., ppb C1"
in Table V-1 ppb C1 Scale Peak Height As Analysed

10 500 3 50.4 511
500 3 50.1 51410- -

1 1,000 * 3 96.3 988
16 5,000 10 523 5,364

13 200 1 20.1 206
5 500 1 48.4 496
5 500 1 50.8 521
4 1, 000 * 3 98.7 1,012

16 5, 000 10 542 5,559
11 10,000 30 1086 11,138
14 500 3 59.1 606
10 500 3 57.0 585

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

114

. _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



-_

. - . .

TABLE V-3

CHLORIDE ANALYSES RESULTS
(NEW COLUMNS LATER IN LIFE)

~

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

4 1000 1 60* 922
1 1000 1 61* 1008

2 250 1 17 281

3 125 1 9 149

11 10,000 10 770 12,727
12 10,000 10 770 12,727
14 500 1 36 595'

2 250 1 16 264

CAn average peak height of 60.5 was obtained for the 1.0 ppa standard.
N:te 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 columns.

. . - . -
-

du S*
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TABLE V-4

SAMPLE AND STANDARD SOLUTIONS
CALIBRATION CURVE 1

(REPLAGNENT COLUMNS)

Solution No. Conc. pga C1'
in Table V-1 Peak Height Actual As Analysed

Standard * 34.0 1.0 0.98

10 14.0 0.50 0.41

9 4.0 0.15 0.13
.

9 5.0 0.15 0.15

Standard * 34.0 1.0 0.98

S tandard* 34.0 1.0 0.98'

5 17.0 0.50 0.50

6 9.0 0.25 0.26

7 4.5 0.12 0.14

Standard * 35.0 1.0 1.0

2 12.0 0.25 0.38

3 4.5 0.125 0.14

5 18.0 0.50 0.52

Standard * 35.0 1.0 1.0

Standard * 35.0 1.0 1.0

5 17.5 0.50 0.50

Standard * 32.0 1.0 0.92

5 18.0 0.50 0.52

2 9.5 0.25 0.23

7 4.0 0.125 0.12

*1 ppa Cl in a 2000 ppa boron solution.

116
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TABLE V-5

SAMPLE AND STANDARD SOLUTIONS

fCALIBRATION CURVE 2
(RECONDITIONED COLUMNS)

S lution ~

No. in Conc. ppb C1
Trble V-2 Peak Height Actual As Analyzed

5 24.0 500 500
2 13.0 250 270
4 44.0 1000 93 0

1000 ppb Cl* 50.0 1000 1040
500 ppb Cl* 24.0 500 500

6 12.0 250 260 |

3 6.0 120 130
5 26.5 500 560
2 13.0 25 0 270

1000 ppb Cl* 48.5 1000 1020
10 26.0 500 550

9 8.0 1500 180
8 3.0 50 70
1 52.0 1000 1100

CAO Nacl

<

.-. e .w
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TABLE V-6

PEAK HEIGE BEFORE AND AFTER ADDING OIL TO SOLUTION 1

4-4-80

Scale 1

Pump Setting 45

Eluent - 0.005 M Na 5 0247
0 11: Gulf Pride 10W40 Super Premium'

|

Basic Boron and Chloride
| 1 ppe C1~ (Soln 1) Peak Height

|

Soln 1 + Oil 56.0

Soln 1 + Oil 58.0

Soln 1 + Oil 58.0

Soln 1 + Oil 59.0

Soln 1 + Oil 59.0

* Peak height of initial oil free i ppa standard = 52.0.

4-10-80

Scale 1

Pump Setting 40

Eluent - 0.005 M Na 3 0247
011: Mobil 1

( Peak Height
Soln 1 62.0*

Soln 1 + Oil 83.0

Soln 1 + Oil 83.0

Soln 1 + oil 85.5

| Soln 1 + 011 88.5

Soln 1 + Oil 90.0

*This standard was run af ter analysis of the oil-contaminated
s amples . The peak height observed here (62 vs. 52 for 1/4/80

l results) indicate that there is a memory effect associated with
the analyses of oil-contasi::sted water with ion-chromatography.

118
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TABLE V-7

SAMPLE AND STANDARD SOLUTIONS
FLUORIDE STANDARD CURVE

Analysis
Results

Solution Peak Height ppb F.

25 ppb F 5.5 22

50 ppb F 13.0 48

100 ppb F 27,0 98

200 ppb F 60.0 216

150 ppb F 42.0 152

50 ppb F + 100 ppa B 12.0 45
!

100 ppb F + 100 ppa B 26.0 95

200 ppb F + 100 ppa B 58.5 211''

50 ppb F + 1 ppa B 10.5 40

100 ppb F + 1 ppm 5 26.5 96

25 ppb F + 1 ppa B 6.0 23

~~

..-
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TABLE V-8

EFFECT OF ICDIDE CN
GRAPHIC CONTRCLS CHI 4RDE EI.ECTRCDE

(11/2/79)

osa I *C Absolute Millivoltsf~

4

0.10 24.0 365.8
'

1.0 23.6 336.6

10 25.5 234.0
,

100.3 25.4 157.9

1003 25.1 56.3

*The response to iodide was sluggish and not reproducible. The
readings were taken after 1.0 al of 2.0 M BNO3 was added with
moderate stirring.

|
( ,

I

|

|

,

9
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TABLE V-9

' RESPONSE OF GRAPHIC CONTROLS CHIDRIDE ELECTRODE
TO SOfMTIONS WITil CHLORIDE AND IODIDE

,

(11/5/79)!

\
l

I
Solution Adjusted to 0.99 pin I I Oxidized with 4.0 ml 30% H207-

Apparent Appareng C

pph Cl- av 9 25'c mv 9 25'C ppm Cl * , AmV mv 9 25'C ppus Cl- % Error

10 385.0 326.1 554 -58.9 382.6 17 +78

25 378.2 322.8 632 -55.4 373.0 59 +148

50 357.6 320.7 687 -54.9 370.9 67 +41

100 364.3 317.0 797 -47.3 357.8 145 +52
h

200 351.1 315.0 864 -36.1 347.8 232 +22

500 329.2 297.7 1727 -31.5 328.1 511 +7.3

1000 311.3 288.8 2466 -22.5 312.7 947 -0.6

5000 271.3 253.7 10,056 -17.6 273.1 4624 -2.9

10,000 253.6 239.1 18,044 . -14.5 256.5 8989 -5.7

A volume of 102 al relative to a calibration volume for 101 al.a.

b. These values must be corrected for dilution,1.0 m1fgr
* * '" "# "* "iodide addition and 4.0 m1 for peroxide addition: 101

c. Dilution taken into account.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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TABLE V-10
.

CALIBRATION DATA FOR GHAPilIC CONTROLS CHEIMtIDE ELECTRODE
(ABSOLsfrE MILLIVOLT RESPONSE AT 25.0*C)

.

Parts per Billion (PP8) Chloride |

|Date condition 10 25 50 100 200 500 1000 5000 10000 ;
i

'11-2-79 No stirring 390.6 380.5 375.5 333.2 352.1 331.7 313.6 275.6 2573

11-2-79 Moderate stirring 386.5 383.2 377.7 366.4 352.3 329.8 312.5 273.2 255.8
,

'
11-5-79 Moderate stirring 385.0 378.2 375.6 364.3 351.1 329.2 311.3 271.3 253.6
Il-6-79 Moderate sti ring 384.2 380.5 371.2 361.8 348.3 327.4 311.3 272.2 254.9

Iy 11-9-79 Electrode cleaneds 404.6 400.1 395.3 382.6 367.6 347.8 330.8 291.0 272.6
N mooderate stirring

! 11-19-79 Electrode cleaneds 403.4 400.8 392.5 381.7 369.2 348.0 330.9 290.7 272.6
mooderate stirring

'

11-6-79 4.0 ml of 30s 11 022 426.3 423.6 420.9 406.3 387.4 356.0- 336.5 293.4 274.5
j added, moderate stirring

| (readings at Mi min.)

11-9-79 Electrode cleaned 389.4 388.0 385.8 385.6 378.9 374.9 360.3 314.8 295.5;
'

moderate stirrings 1.0 ml
of 1.0M, NANO 2 added

11-19-79 Electrode cleaneds 387.2 386.8 385.2 386.1 380.7 371.3 362.7 316.8 296.8
moderate stirrings 1.0 ml

of 1.ON, NANO 2 added
.

11-9-79 Electrode cleaneds 381.5 383.3 381.4 379.9 375.9 363.8 349.2 311.9 293.2,

mioderate stirring 1.0 ml

of 1.0H HaNO2 added -
t

; tlien solution adjusted to
'

O.99 ppen iodide and free

lodine extracted with .

CC14 and Imured off .

.
.

1 >
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TAtt,E V-13

ANAR YSIS RESIR.TS OF CIO.0RIDEO IN stat ItATRIK
SAlet.ES AFTER IUDINE EXTRACTED WITN CAR 5018 TETRAON.ORg

'
'C mV pyh Cl I Error

'C mVActual pyh Chloride ' al 2.ON H100) Add.

55rh
80 1.0 25.2 338.3 790 25.0 185.3 g

64ah
;

130 1.0 25.0 336.5 790 25.3 385.0 -58

380sh
280 1.0 25.0 330.0 1010 25.5 376.2 +36

3 tosh
280 1.0 25.2 327.0 1170 25.1 177. 7 ,gg

II8ouk
1080 I.0 25.0 308.5 3200 25.5 358.2 ,,,3

y
1320sh

1080 1.0 25.0 298.6 3650 25.2 354.7 ,,,u

60nh
2 B.0 25.5 395.4 41 25.7 305.1 gg)

' '

55shf
12 1.0 25.3 392. 7 50 25.9 385.4 (d)

63sh
19 1.0 25.3 394.0 45 25.3 385.0 (d)

170sh
48 l.0 25.0 188.3 70 25.5 381.3 g)

*

tilah
41 1.0 25.3 386.6 78 26.0 383.0 ggy

tiTsh
I58 1.0 25.0 300. 7 II7 25.0 383.0

I

158 1.0 25.1 378. 7 524 25.6 379. 7 220 p ,3,

2995 5.0 24.0 300.5 2400 25.2 336.0 2550s ,,,,'
105 j

" INT

-

IncluJes estimated chlorides f rom reagente
Based on calibret tens witti chloride standards with 1.0 ml of 1.0 N NANO 2 (g,N adjusted with 1.0 ml of 2.0 N HNO))(a)

(b)'

Cointrol f rom previous set s 9 7.5 el diluted to 100.0 ml
Electrode reading low by appronimately 2 mV per check of stamferde, whicle resulted in high results(c )

(d)

.

4
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~ SAMPLE
= PUMP r INJECTION

VALVE
I

i

U

SEPARATOR
Strong bou anion COLUMN

Na B 0 eschonge separator resin
z4 7i

separates sample onions
in a background of

B07 eluent.ELUENT NO2 4

|

|
,

If
R H+

.

strong ocid suppressor SUPPRESSOR
resin remons cottons COLUMN
from the eluent and
corwerts sample onions to N. generated
their acids which pass perH|dically to

remove unwontedunretarded through the eluent ions)suppressor column.

i

U
CDNDUCTIVITY CONDUCTIVITY

METER AND CELL
RECORDER

Conductivity meter 9quantifies onion acids i
hample ions) in a waste '

bochgrourg of dilute
boric acid

!FIGURE X-I
ANION ANALYSIS ION CHROMATOGRAPHY FLOW SCHEME

|
;

i

__.
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i FIGUR E I-3
*

1 _ 1

CHROMATOGRAM'- '

-
' STANDARD Cl* CURVE # 2

. _

'
. , ,

n
a

A

!.- - !. | Scale - I
,

Pump Setting - 4O. j
,,

. _ _ . ' i

Eluent -0.005 y, Na 0 0 -. ' i 24 7-

. H O (4/2/80)a 2;;
--

,

Sompte Size-O.20 ml'
, ' '

i
1i

Cl* Peck Occurs - 6 min! '

__ --i _ -
'

| |--

1

*

m
.

- i _.- 3. .
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3 I
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= |" FIGURE I-4
' CHRCMATCGRAM,

: ; ; STANDARD Cl CURVE # 2| 1
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FIGU RE I-5:!.' , , ; --

j , _1 ppm MORPHOLINE CHRCMATOGRAM
,

, 3/28/80'2. -

;

Q. , c
5 0:

| |2, . . _

k- -W.

[ ! 'g _. Calibration Curve ""I
m
S Scale - I,

. '-- Pump Setting - 50-!'>

G/28/80)
; 7- ' Eluent-0.OO5y. No20074' ,

,

| - ---3 --- Somote Site -0.20 mi
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This shows the obsence of'
*

of a Cl* peak at 6 min.' --
.
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' t- - times with the some results.
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I FIGURE Z-6
hpm HYCRAZINE

' 3/25/80~

1

I i

'
i Run on oorlier calibration curve.

i Scale - I
| ;i

Pump Setting-40'
j--

0 0 * 10 H O
| | E! vent -0.005 M No2 4 7 2. ,

Semple Size -0.20 mi'

;

|

,

'

- .

peak HeioEi C |,.
' -- This snows on obsence of a Cl*

,.

r peak at 6 min.
,.

| Hydrazine was used to soike Solution 10.
First Solution 10 was run by itself; Then a

| .
,

-

mixture (27 mis Solution 10 3 mi of 1000 ppm' -~

"
hydrazine) was run. There woe no effect other*

_ ~ ~ than that caused by dilution. See Figure 7.;
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VI. DEVELOPMENT OF DISSOLVED HYDROGEN ANALYSIS PROCEDURES

A. BACKGROUND

The gas analysis system shown in Figure III-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 mi liquid sample with
argon gas to yield a final gas volume of 600 cc at STP conditions. 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 toolc, 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
In SolutionGas cc_/,kg x Factor =

i

= 0.0893H 1 x 0.0893
2

1.25N 1 x 1.25 =
2

1.428O 1 x 1.428 =
2

.
' NT I %

__.

NR 1 1 -
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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 concentratiens of fission product gases in
I solution as is indicated in Table VI-1. With 25 cc/kg of hydrogen in the

reactor coolant, and assuming a 30 mi sample,0.75 cc of hydrogen will be

present in the sample to be analyzed. Stripping a 30 mi sample with 600

c jcargon will result in 0.75 cchec = 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 an.slyzed.

NUS performed testing to determine:
,

1. 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
Ianalyses.

B. 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 VI-1. 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
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hydrogen, consequently will not interfere with the hydrogen determina-
tion.

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

1. Radioactive Gas |

a. Sargeant and Lundy source term

3b. Reactor coolant volume of 12,700 f t at 2300 psia and 540'F

c. Decay for one hour

2. Nonradioactive Gas

a. 3300 MW(t)

b. 239 Py fission yields

I c. 650 days at 100 percent power
I

I3 2d. 1.5 x 10 m/cm - see 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 mi sample of primary coolant
into a 300 cc container (24.7 pala) will be as follows:

Radioactive Gas Nonradioactive 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 ce 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.

144
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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 occurse

during a less of coolant accident.

Oxygen vill be stripped from solution or will be consumed througho

gamma induced combination with hydrogen.

Argon will be stripped from solution through boiling.e

C. 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 wal 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 each 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.

E

The detection and measuring system is a thermal conductivity cell'

consisting of two matched pairs of hot wire filaments. The electrical
,

_ resistance of these filaments changes marked with small changes of
-

145=
_ _ . . .



,_. -- --

_

.

, . .,

temperature. When exposed to pure carrier gas flow, the filaments reach

temperature equilibrium and constant resistance, causing the bridge to be
electrically balanced. When a component of the gas sample such as
hydrogen 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.

D. INITIAL DRY H STANDARD DETERMINATIONS2

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 1 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-l
through VI-4. The chromatograms aregimilar and peaks occur in the
following order:

1. A positive peak at the time of injection.

i

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

'

.

3. The hydrogen peak occurs at about 2.5 minutes. !

l

4. A nitrogen peak (the standards are H in N ) ccurs at about six
!2 2

minutes. |

|
'

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

,_ _
---

d
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Linearity checks were then made for each standard at different attenua-

tion settings to determine the linearity characteristics between ranges.
Obviously, it will be necessary to use different attenuations to accom-
modate the wide range of hydrogen concentrations that can occur in the

primary coolant during an accident condition. The data obtained from
this work is presented in Table VI-3.

,

Linearity of the hydrogen peak for different attenuation 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.

i
E. VARYING SAMPLE LOOP SIZE

.

Optimizing sample loop size is necessary for maintaining the flexibility of
;

analyzing for wide ranges of hydrogen concentration. Of greatest
;

- importance, however, for post-accident analysis application is reducing

.

sample loop size to minimL e shielding problems.
-

4

i 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 obtained for the 1.0 cc sample loop are compared to:-

the expected peak heights based on the 0.25 cc sample volume data in
g
s 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.

7

I These results indicste 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 by volume. A

2 100 ppm hydrogen concentration in the 300 ml gas collection flask as

2 determined with a 0.25 cc sample loop corresponds to a dissolved
r-
- hydrogen concentration of about 2 cc H /kg in the primary coolant. The
- 2

[ approximate minimal level of detection based on peak heights obtained

;-

<-

E
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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 measure dissolved hydrogen concen-
tration in the range below 2 cc H /kg. The I ce loop is recommended in

2
this application since it covers a range below 2 cc H /kg to the maximum

2
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 zero 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 loop 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 cc, and 3.0 cc sample

. volumes are shown in Figure VI-5.

F. DRY VS. WET SAMPLES

.

i 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 H2
standards to the instrument as follows: |

|
1

_ . _ j

,
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1. Dry standards were injected directly from the tank of gas.

2. Moisture saturated standards were introduced via the normal route

passing through the installed Drierite column.

3. 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 by some

appreciable, though unknown amount. If it is necessary to analyze wet
samples, calinration 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.

G. EVALUATION OF HYDROGEN ANALYSIS SYSTEM DESIGN

1. Preparation of Standards

In the work performed with dissolved hydrogen concentrations of 125.

cc H /kg and below, water samples containing known concentrations2
of hydrogen were prepared by circulating water through a reaction
flask containing 99.9 percent pure hydrogen at various pressures.
Water charged into the reaction fiask 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 mi sample con-
tainer. A throttling valve was used to maintain backpressure on the

.

system to keep the hydrogen gas in solution.

149
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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 (17cc H /kg) was performed at subatmospheric conditions.2
The hydrogen concentrations of the resulting solutions were deter-
mined by use of Henry's I.aw. The coefficients 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).

2. 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 j
operations. Operating procedures as will be used by the utilities !

will be issued by separate correspondence through Sentry.

i

-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
introduced 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)
---

.. ._

-a.y

|
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(3) EF1 was then pressurized with argon from the top of the
container to 30 psia to force all water back into SF 1.2.

(4) 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.

(b) Tum valve V-2 to position 3-2. The pressure gauge

immediately indicates O psia.

(c) Turn valve V-2 to position 1-3.

.

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

(e) Move GC sample valve to inject position and perform

hydrogen analysis on gas scrubbed from solution.

This procedure provides for purging all sample lines and
filling the gas chromatograph sample loop to 14.7 psia.
Approximately 60-70 c 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 available for 3-4 repeat analyses.

The test procedure was subsequently modified to purge
about 600 cc of argon gas through SF 1.2 collecting the gas

in a previously evacuated EF-1. No attempt was made to

force water from EF-1 to SF 1.2. Gas anayises were then

performed.

-
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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, the 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 contal.'er using this
approach. Despite the variation in water cariyover between
successive samples, far better results were obtained using this4

approach than the original approach. Results of these tests are;

shown in Table VI-8 and plotted in Figure VI-8.4

.

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
1

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 315 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 to
correct for the change in volume in the gas collection container

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

system were made as follows to achieve these ends. The design

used is shown in Figure VI-10.
i

(1) A 90 micron porous metal capped cylinder was installed in
the inlet to the gas collection contamer (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. SS-

2FE-90).

(2) Argon gas was introduced from the top of the water sample
icontainer to force all the water into the gas collect on con-

tainer. An alternate approach to this would be to replace

the existing 30 mi sample container with an appropriate
,

length of 1/4 inch tubing. The use of tubing is considered
superior as a sample vessel since earlier work performed by
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 to sweep the gas

bubbles from the walls in these areas.

b. 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.

(2) The water sample container was isolated and the argon gas

line leading to the top of the container was pressurized to

29.7 psia.
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(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.

c. Results

Results of the tests performed with the modified design are
shown iri Tables VI-9 and VI-10 and plotted in Figure V!-9. Good

linearity was achieved throughout the range investigated. The

lowest level 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 H /kg or lower.2
x

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

results af ter 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 i a finally 1

established that the problem only occurred when the gas chrom- |

ato5raph was evacuated prior to admitting the gas to the sample ;

loop. No problem developed when the gas chromatograph was
~ ~ 1

Ioperated at atmospheric pressure. The prcblem was eliminated
_
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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.

4

4. Evaluation of a Reduced Sample Volume

'

An investigation was made to determine if dissolved hydrogen
analyses could be performed on a smaller sample volume. The

equipment was modified for this work as follows:
,

i

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

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

container EFI.

Gas stripping was performed with the modified design shown ini c.
f

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-II,
j

mdicate that acceptable hydrogen analyses results can be obtained

with a 10 mi 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 to reduce liquid sample
volume now since shielding design has been fixed.

5. Problem Areas with Determining Dissolved Hydrogen Concentration

The work performeil Indicate that the following design and operating

features are required to obtain consistent results with respect to
determining dissolved hydrogen concentration.

Dead legs should be eliminated from the design of the primarya. ,

coolant sample container. Elimination of dead legs requires the

i

L
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use of three-way valves at the inlet and outlet to the liquid )
1

sample container as shown in Figure VI-10.

b. The primary coolant sample container should be mounted vert-

ically with flow inlet at the bottom. This is to prevent gas4

pocketing in the sample container,

While the data are not overwhelming in this respect, there isc.-

indication that reproducibility is improved using a sample con-
tainer made of tubing rather than a 30 mi 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.

d. 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 toe.

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.

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

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

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

primary coolant sample container prior to opening the valve
between the primary coolant sample container and the gas

t
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-.- . . . - . - _ - . - _ - _ _ _ - - - - _ - - . _ -



- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ .

|

- - . . . .

* * * ~ ., , ,,

__ _

collection cylinder. This results in a pressure differential of
about (+5 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.

i. Best results with respect to gas stripping operations with argon
were obtamed when the inlet and outlet valve to the primary

system coolant contamer were opened simultaneously.

J. When performing stripping operations on the primary coolant
with argon gas, flow should be held 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 or 3 minutes is required for the gas to mix afterg k.
/ performing gas stripping operations. Gas samples taken

immediately can, or probably will give erratic results.

-
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TABLE VI-I

POTENIIAL PRIMARY COOLANT FISSION PRODUCT
GAS CONCENIRATION UNDER ACCIDENI CONDITIONS

Radioactive Gas Non Radioactive Gas
Isotope ec/kg Isotope ec/kg

83 m Kr 3.015-4 78 Kr -

85 m Kr 1. 73 3 -3 80 Kr 3. 722-585 Kr 2.313+0 82 Kr 3.064-287 Kr 6. 71 9-4 83 Kr 2.1518
88 Kr 2. 94 6-3 84 Kr 3.760589 Kr 1.961-10 86 Kr 5.9590

Total Kr 2.3183 cc/kg 11.9020 cc/kg

131 m Ie 0.6852 128 Xe 9.061-4
133 m Ia 6.329-3 129 Ze 11.7816
133 Ze 0. 61 98 130 Xe 0.04754
135 m Ie 2.564-5 131 Ze 28,1340
135 Ze 8.827-3 132 Xe 41.4791
137 Ie 7.017-9 134 Xe 58.5753
138 Ze 5.065-5 136 Xe 52.1185

Total Ie 1.3202 cc/kg 192.1369 cc/kg

,

, , . .

W
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TABLE VI-2

' DRY HYDRO E N STANDdLRD ANALYSES

H Concentration Attenuation Peak Attenuation I
in Nitrogen Setting Height Peak Height2 '

200 pga 1 6 6

200 ppm 1 6 6

500 ppa 1 14 14

i 14 14
500 ppm

1 28 28
1000 ppm
1000 ppm 1 28 28

4 70 280
10,000 ppm
10,000 ppm 8 35 280

NOTE: ppa in gas mixtures is by voltase.
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ITABLE VI-3 *

ATTENUATION LINEARITY DATA

H Concentration Attenuation Peak Attenuation X2
in Nitrogen Setting Height Peak Height

200 pp 1 6 6
200 ppm 2 3 6
200 pp 4 1.3 5. 2
200 yp 8 0. 8 6.4

500 ppa 1 14 14
500 pp 2 7 14
500 ppe 4 3.5 14
500 pp 8 2.0 16

1000 pp 1 28 28
1000 ppm 2 14 28
1000 ppm 4 7 281000 pp 8 3.7 29.61000 pp 16 2.0 32

10,000 pp 4 70 28010,000 pp 8 35 280

NOTE: pp in gas mixtures is by volme.

.

.
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TABLE VI-4 ..

e

1.0 cc SAMPLE VOLUME - HYDROCEM STANDhBD DATA

Expected Feak
Height Based

H Concentration Attenuation Peak Attenuation X on 0.25 cc

in Nitrogen Setting Height Peak Height Sample Data _
2

1 20 20 6x4 = 24
-

200 ppm 10 20
2200 ppm
4 - 5 20

200 Pym
200 ppm ,8 2. 5 20

16 1.3 20.8
200 ppe

1 47 47 14x4 = 56
-

500 pp. 23 46
2500 ppsj 4 12 48

500 Ppm 6 68
8500 ppa 3 48
16500 ppa

~

2 43 86 28x4 = 112
1000 ppa 24 96

41000 ppm 12 96
81000 ppe 6 96
161000 ppa

NOTE: ppa in gas mixtures is by volume .
.

h

a

f' g
e

4

% e



*
.

.

.

TABLE VI-5 '

3.0 cc SAMPLE VOLUME - HYDRDCEN STANDARD DATA

.

H Concentration Attenuation Peak Attenuation Iy
in Nitrogen Setting Height Peak Height Cosament

20Eppm 4 - - Recorder would
return to the
baseline only
by manually
changing course

;

200 ppm 8 zero adjustment
-

Same as above-
- 200 ppa 16 4 64200 ppm 32 2 64
u

200 ppm 64 1.1 70

500 ppe a -

Recorder would-

return to the
baseline only
by manually
changing course
zero adjusment500 ppi 16 10 160500 ppe 32 4 128

NOTE: ppe in gas mixtures is by volunne.

,
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TABLE VI-6 ..

DRY VS WET HYDROCEN STANDARDS

Attenuation X
Attenuation Peak HeightMode ofH C ncentration Setting __ Peak Height ,

2 Sample Entry,in Nitrogen
2828

1 28
*

f 1000 ppe (by voltune) 1 29
a 28

l 1000 ppa (by volume) 1 28
a 29
b 281000 ppa (by volume) 1 42b1000 ppe (by volume) 2 _ 21

42
1000 ppa (by volume) 2

c 21

1000 ppa (by volume) c
14

14
1 151

}
$00 ppa (by volume) 1 14

a 15

500 ppa (by volume) 1 16
a 14

i b 16500 ppe (by volume) i 22b 11500 ppa (by volume) 2 20
500 ppa (by volume) 2

c 10

500 ppa (by volume) 6
c

6
1 6

f 200 ppa (by volume) 1 9. 0
a 6

200 ppe (by volume) 2 9.6
a 4.5
c 4.8200 ppa (by voltune) 2

200 ppa (by volume) c

'

a - Dry gas from tank,*
b - Wet gas passed through Drierite column
c - Wet gas by passing Drierite coltaan

:

.

O

e
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IABLE VI-7

CALCULATED VALUES OF ERY'S LAW COEFFICIENTS
psia

ec/kg H O
2

Temp 99* Confidence Limite(*F) Correlating Lower Upper

32 0.7041 0. 6804 0.727840 0.7307 0.7070 0.754460 0.7935 0.7699 0. 8172,

80 0.851 7 0.8281 0.8754100 0.9058 0.8821 0. 9295120 0. 92 1 0. 90 4 . 0. 94 1

140 0. 921 0. 901 0.936160 0.896 0. 883 0.912
1 80 0.860 0.850 0.874

200 0. 80 91 0.7992 0.8189212 0.7762 0.7668 0.7856220 0.7549 0.7457 0.7640
-

240 0.7038 0.6953 0.7123-260 0.6556 0.6476 0.663528G 0.6099 0.6025 0. 61 73,

300 0.5667 0.5598 0.5735320 0.5257 0.5193 0.5320340 0.4867 0.4808 0.4923

360 0.4497 0.442 0.4550380 0.4144 0.4094 0.4193400 0.3807 0.3761 0.3852

420 0.3486 0.3444 0.3527440 0.3179 0.3141 0.3216460 0.2885 9.2851 0.2919, , .

480 0.2604 0.2573 0.2635500 0.2335 0.2307 O.2362
'

'

520 0.2076 0.2052 0.2100

540 0.1828 0.1807 0.1849560 0.1590 0.1571 0.1608580 0.1361 0.1345 0.1376

600 0.1140 0.1127 0.1153620 0.0928 0.0918 0.0938
64 0 0.0723 0.0715 0.0731

660 0.0526 0.0521 0.0531680 0.0336
. _ _ . 0.0333 0.0338700 0.0152 0.0151 0.0152

705.4 0.0103 0.0103 0.0103
,
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TABLE VI-8
CECO GAS SCRUSBER H

ANALYSIS DATA HIGil PRESSUEh MESULTS ..

Theoretical ppen by Z Deviation
Analysis Resulta, ppna M
incasCollectionConta$ner by Volume in Cas Fromppe Hy

Collection container ** Theoretical _
,

in H o eHydrogen Overpressure y Weitit ppint

_in Reaction Fleek (paigl ecHg By Weight Valuene ppan __

-4.7

1014.7 puis 1230 109 51,077 2554 53,622
-4.2

1014.7 pain 1230 109 51,385 2569 53,622
-2.5

1230 109 52,308 2615 53,622
-3.6

to14.7 puia 1230 109 51.692 2585 53,6221014.7 paia
I

_ _ _ !

d a 1001 scrubbing efficiency. ,

h * Weight ppus hydrogen in argon gas.**sared on the use of Henry's Law in calculating hydrogen solubility leve s an
l

|
i

<

b

.

g
.

.
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TABLE VI-9 -

CECO CAS SCRUBBER H ANALYSIS (HODIFIED DESIGN)y
i

t

!
'

A"*l 'i' I''"1 E* ' ppa H Theoretical ppa by I Deviationppm H I2 2
! Hydrogen Overpressure in H O in Cas Collection Contatner by Volume in Cas From
{ in Reaction Flask (psig) ccHg ByWefght Volisme pps Weight ppm * Collection Container ** Theoretical
;

! 94. 7 115.5 10.3 7000 350 6351 +10%
73 84 369 6351 +16%

84. 7 103.3 9.2 6461 323 5681 +14%

| 5692 285 5681 +0.2%
j 5076 254 5681 +11%
; 6000 300 5681 +6%

6076 304 5684 +7%
i

g 74. 7 91.1 8.1 4769 238 5010 -5%* 4769 238 5010 -5%

64.7 78.9 7. 0 4307 215 4340 -0.8%,

) 4769 238 4340 +10%
| 4461 223 4340 +3%
i

i 54.7 66.7 5. 9 3846 192 3669 +5%
3846 192 3669 +5%

| 44.7 54.5 4.9 3076 154 2998 +3%

i|
5320 266 2998 +7 7% ,

3076 154 2998 +3%
]

{ 34.7 42.3 3.8 2384 119 2327 +2%
i 2615 131 2327 +12%
d

2384 119 2327 +2%
2692 135 2327 +10%

.

! 2307 115 2327 -0.8%
] 2307 115 2327 -0.8%
I 2538 127 2327 +9%

i

!
!

I
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TABLE VI-9 \

CE00 CAS SCRUBBER H ANALYSIS DATA (HODIFIED DESIGN)2 ;
FACE 2 .

Theoretical ppa by X Deviation |Analysis Re sults, ppe Hppe H '**
in Cas Collection Contafner by Volume in Cas From2in H 0Hydrege, Overpressure

in Rxaction Flask (psig) ccH /kg By Wefght Volume ppe Weight ppm * Collection Container ** Theoretical
2

i

24.7 30.1 2.7 1692 85 1657 +2%

1538 77 1657 -7%

1538 77 1657 -7%

1615 81 1657 -2%

1692 '85 1657 +2%

14.7 17.9 1.6 1000 50 985 +2%

1000 50 985 +2%

1000 50 985 +2%

1000 50 985 +2%

9.1 11.1 0.98 692 35 610 +13%

692 35 610 +13% 8

3.6 4.4 0.39 250 12.5 241 +4%

250 12.5 241 +4%

|

tWeight ppa hydrogen in argon gas.
*$5nsad on the use of Henry's Law in calculating hydrogen solubility levela and a 100% scrubbing efficiency.

.

G

, 4
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TABLE VI-10
.

,

CECO CAS SCRUBBER H ANALYSIS (INITIAL DESIGH)
!

', .

J
, ppe H Analysis Results, ppe M Theoretical ppe by % Deviation2 yHydrogen Overpressure in H 0 in Cao Collection Container by Voluere in Cas Fromyis Reaction Flask (psia) ccHg By Weight Volume ppm Weiaht ppm * Collection Container ** Theoretical

i

1 104.7 127.7 11.4 8000 400 7200 *11%! 7600 380 7220 +5%!

i 94.7 115.5 10.3 7428 371 6531 +14%i
; 84.7 103.3 9.2 7000 350 5841 +20%i

6442 322 5841 +11%i

74.7 91.1 8.1 6000 300 5151 +16%4

j$ 64.7 78.9 7.0 5428 271 4462 +222i 5142 257 4462 +16%!

] $4.7 66.7 5.9 5035 252 3772 +35%
4571 229 3772 +21%

,
'

). 3928 196 3772 +5%

{ 44.7 54.5 4.9 3857 193 3082 +25%4000 200 3082 +30%
.

34.7 42.3 3.8 3000 150 2393 +25%
.

2857 143 2393 +19%

24.7 30.1 2.7 1741 87 1703 +2%
. 1857 93 1703 +9%

I

I
1

j (Wei;ht ppa hydrogen in argon gas,
j #8Besed oc

the use of Henry's Law in calculating hydrogen solubility levels and 100% scrubbing efficiency.!

l
!

!

!
:
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FIGURE E-9*
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VII. 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 pressur- could result in the evdution of hydrogen from solution
dependent on the concentration involved. The behavior of the YSI
analyzer under conditions involving evolution of hydrogen from solution
was not known. Accordingly, testing was performed to investigate the
effect of these variables on performance of the YSI oxygen ana!yzer.

B. EQUIPMENT DESIGN
.

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

1. A 30 gallon batch source of oxygen-saturated calibration water.

2. A 50 gallon batch source of controlled 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.

_ _ _ _ _
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5. Pumps, throttling valves, and flow meters to control and measure
flow rate.

'

. C. FLOW RATE LINEARITY TESTS

Linearity tests were performed over a flow range of 547 ml/ min to 30
ml/ min. Testing was performed with high level (7.85 ppm or 5.5 cc O /kg)2

and low levd (0.7 ppm or 0.49 cc 0 /kg) o..jgenated water. The system2
concentration at a flowwas initially calibrated to indicate the correct O2

rate of about 200 ml/ min. This value was selected because it is
anticipated that the system will be controlled at a flow rate of about 200

ml/ min during normal operation. Flow rate through the probe was then
increased to the maximum achievable level of 547 ml/ min and progres-

sively decreased to 30 ml/ min. A readout of oxygen concentration was
taken at each incremental change in flow rate. Winkler analyses were

performed at periodic intervals to determine that there was no ac+ual
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 VH-1 and VH-2. For the high level oxygenated water (Table VH-1)

indicated results were 102 percent of actual at a flow rate of $47 ml/ min.

The data obtained for the flow range of 547 ml/ min (+2 percent error) ts

58 ml/ min (-5 percent error) is considered more than adequate to satisfy

any plant needs.

For the low level oxygenated water (Table VH-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

ml/ min. An indicated level of 75.7 percent of actual oxygen
concentration was noted at the lowest flow rate tested which was 30
ml/ min. Acceptable data was obtained for the flow range of 547 ml/ min

(no error) to 58 ml/ min (-7 percent error).

The data developed in these tests is in marked contrast to data developed

in previcus flow linearity tests. Results of the initial work performed
indicated that the YSI oxygen analyzer was highly sensitive to flow rate;

181
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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-l and VII-2.
.

D. THE EFFECT OF DISSOLVED HYDRC9EN 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'F

'

Hydrogen concentration * 78 cc/kg or 6.96 ppm

Oxygen concentrations as 0.102, 0.68 and 0.93 ppm

determined by Winider 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.

Dissolved O Indication with'
2

0 Concentration * 78 cc Hgkg** Error
2

ce/kgg g opm c

0.102 0.071 0%0.102 0.071 *

0.68 0.476 0.70 0.49 3%
0.93 0.651 0.90 0.63 -3%

* No hydrogen present.
** Dissolved and pinpoint mbbles of hydrogen.

-. ..
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The conclusion drawn from this work is the presence of hydrogen in

solution with pinpoint bubbles will not affec accuracy of the YSI oxygen
analyzer. Some eariler 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
s

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

.

f O Concentration
| dinider Results YSI Results Error
1

pom 0 ccO[kg pom 0 cc0 fkg
2 2 2 2

0.32 0.224 0.35 0.245 9.4%

|_
0.20 0.14 0.22 0.154 10.0 %t

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 oxygan levels. Lower limits of detection for the-

instrument used are about 0.1 ppm oxygen. However, the Model 56 YSI

oxygen analyzer that .ientry is installing in the CAP is a later model and
has better sensitivity than is the model used in the NUS work. The Model

54 analyzer was used because it was immediately available.
.

E. CONCLUSIONS ON.YSI ANALYSIS CAPABILITIES

1. The YSI oxygen analyzer is relatively insensitive to flow for the
range of 58 ml/ min (-5 percent error) to 547 ml/ min (+2 percent
error). This assumes the use of the probe holder shown in Figure VII-

2. A change in probe holder design can affect flow velocity in the

membrane area and thus affect results.

2. Hydrogen in solution 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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TABLE VII-1

YSI FLOW LINEARITY TEST

Actual 0 YSI Indicated
Flow Rare Concentratkon Level

al/ min ppa ppm Error

547 7.85 8 2%
480 7.85 8 2%
415 7.85 8 2%
350 7.85 8 2%
287 7.85 7.9 1%
228 7.85 7.85 0
168 7.85 7.8 -1%
112 7.85 7.7 -2%
58 7.85 7.45 -5%
30 7.85 6.4 -18.52

*

-- -
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TABLE VII-2

( YSI FLOW LINEARITY TEST
l

!
i

Actual 0 YSI Indicated
Flow Rate Concentratkon is 31

al/ min ops pga Error

547 0.7 0.7 0

480 0.7 0.7 0

415 0.7 0.7 0
<

| 350 0.7 0.7 0

| 287' O7 0.7 0

228 0.7 0.7 0

168 0.7 0.68 -3%
. 112 0.7 0.68 -3%

58 0.7 0.65 -7%'

! 30 0.7 0.53 -24%
i
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APPENDIX A

DISSOLVED HYDROGEN CONCENTRATION
IN THE PRIMARY COOLANT OF A

PRESSURIZED WATER REACTOR DURING
ACCIDENT CONDmONS
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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 level 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, Zr + 2H O = ZrO2 + 2H22

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

2 (123 grams) and 2 gram molecular weights of hydrogen (4 grams).
Two

of IrO
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 discitssed 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 reference (e)
indicate that the weight of the hydrogen reacting with the zirconium will be at

A8
least 10 percent of the weight gain attributed to the formation of ZrO *2

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 wi!I 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 the2

primary coolant.

I5
The release of 8.9 liters of H2 gas per 91 grams of zirconium converted to ZrO2

|

based on a core cladding temperature of 950*F. Actual cladding temperature

during an accident would be substantially above 950*F. This higher temperature
I

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 hydrogen 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 sin:e only this area will attain the temperature required to edieve
rapid degradation of the ZIrcaloy. In calculating the hydrogen released, it is
assumed that about 40-50 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.

i
,

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 lbs/ ton x 454 grams /lb)
= 63,460 GMW91 grams

| It was indicated earlier that one gram molecular weight cf Zirconium will, on
conversion to the oxide form, release 8.9 liters of gas to add to the inventory in the

coolant. Thus the conversion of 6.63 tons of zirconium to the oxide form will
i release about 564,800 liters of hydrogen at STP to the coolant.

A substantial volume of the 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
3is subject to conjecture, however would probably be in excess of 500 ft . This

volume must be taken into consideration in calculating the end concentration of
| gas in the primary coolant since a large percenta5e of the hydrogen released
1

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 s, team
bubble. That is, the dissolved hydrogen concentration is inversely proportional to

3the size of the steam bubble. A steam volume of 500 ft is assumed in this
| - calculation.
.

!
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The solubility of hydrogen in water at a given temperature is very nsarly .

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 (f). A primary coolant temperature of 600*F is

assumed in this calculation; however, th' temperature during post-accident condi-e
Thetions could vary substantially in either direction f' rom this reference point.

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 ft excluding the pressurizer. The pressurizer is not3

included because there will be little or no flow to the pressurizer. Volume of the
3 3

reactor vessel is about 5000 ft . A volume of 500 ft 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
3 These volumes are used in calculating

presst.rizer is on the order of 10,000 ft .
dissolved hydrogen concentrations listed below.

,

Assuming a reactor coolant temperature of 600*F and the release'of 564,800 liters
of hydrogen to the coolant as discussed earlier will result in a partial pressure for\
hydrogen of 200 psia in the steam bubble. With equilibrium conditions as would
exist at that time and with some circulation to distribute the hydrogen, there
would be about -1320 cc of H / liter i coolant in the reactor system. The vapor

2

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

f coolant in the reactorreactor system there would be about 2940 cc of H / liter2

vesse.l.

'

With an initial concentration of 1320 cc of H / liter of coolant there would be no2

degassing as the water is cooled to room temperature preparatory to obtaining a
f coolant

pressurized sample. With an initial concentration of 2940 cc of H / liter2

it would pecbably not be possible to obtain a completely representative sample with
concentration. , However, the sample obtained wouldrespect to determining gas

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 generai 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 I

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 dissolved hydrogen

| concentraticns than the 1320 cc bf H /! iter calculated above.2
-

2

| The conclusions formed from this study and the effect of these conclusions on plant

| operations ace listed below:
I

! *

"
1. The concentration of dissohed hydrogen la the reactor coolant system

under accident conditions can be on the orde.r of 1320 cc of H IIII'# I2
! coolant.
i. |'

|
1

,

2. It will be possible to obtain a representative sample of presst.rized coolant

with this gas concentration provided system pressure remains at 2000 psi. |
| l
1

3. If all the hydrogen gas released is confined to the reactor 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 would indicate that
there are 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.

:
! 5. Precautions should be taken to protect against formation of an explosive

,
mixture if the primary coolant is released to a depressurized system.

,

[
; There can be no fort.eation of an explosive mixture within the pressurized

'reactor system itself since there is no formation of free oxygen in the
system. The reaction of zirconium with water results 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
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Calculations have been made concerning the degree of dilution required forteactor [.
coolant gaseous and containment air samples to reduce activity levels to the [

i-degree necessary to provide for isotopic analyses of the samples. The calculations ,

are based on the assumption that a 1 cc sample of the final dilution used for 6

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/hr

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 ce 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 gas since the gas is too radioactive to handle or count directly. The
dilution factors required are listed in Table 1. 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 dilution factors required for isotopic analyses

are41sted in Table 2. These source terms are based on NRC definitions concerning

fuel 4pmage occuring.

t
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TABLE B-1

DILUTION FACTORS REQUIRED FOR
ISOTOPIC ANALYSIS OF GASEOUS SAMPLES

r

Dilution to achieve 10 mR/hr; I cc of final dilution placed in 10 cc vial.

I ce 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.

Centainment Air: 1:2000 1:50 1:100 1:2

50 percent halogens
initially present, zero
parcent halogens at 24

-hsurs.
>

_ . _
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ESTIHATED C0tlTRIBUTORS TO REACTOR COOLANT CAMMA DOSE RATES
^

AFTER A POSTULATEI) REACTOR ACCIDENT' l

(CAMMA RADIATION DOSE RATE IN mR/hr @ l HETER PER al)

,

.
'

Release Time After Accident
Source from Fuel I lir . 2 lir. 4 lir. 8 lir. 24 Hr. 48 Hr. 168 Pr. 236 lir.

Noble Cases 100% 230.1 145.3 94.3 48.5 11.7. 5.95 2.73 1.08
!

Iodines 50% 621.0 514.6 419.4 342.9 220.1 159.8 59.3 18.6 )

Cesiums li 1.70 0.73 0.40 0.37 0.37 0.37 0.35 0.33

35% 59.5 25.6 14.0 13.0 12.9 12.8 12.1 11.4
i .

( Solida 1% 17.3 17.0 16.4 15.5 13.3 11.6 8.97 7.21

| TOT. : Cesiums 1% 870.1 677.6 530.5 407.3 245.5 177.7 71.4 27.7

cesiums 35% 927.9 792.5 544.1 419.9. 258.0 190.2 83.1 38.3

~

.

=

-

W

e

4{
_

_


