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February 15, 1983
Distribution
DOCKET FILE
Local PDR

Docket No. 50-298 D. Eisenhut
GEB#2 Rdg.
S. Norris
B. Siegel

Mr. J. M. Pilant, Director OELD
Licensing & Quality Assurance E. L. Jordan
Nebraska Public Power District NSIC
P. O. Box 499 J. M. Taylor
Columbus, Nebraska 68601 ACRS 10

Gray File
Dear Mr. Pilant:

SUBJECT:- REVIEW OF POST-ACCit!ENT SAMPLING SYSTEM, NUREG-0737. ITEM II.B.3

Re: Cooper Nuclear Station

We have reviewed your Post-Accident Sampling System based on your September 1,
and December 28. 1982 submittals for compliance with criteria in NUREG-0737
Item II.B.3. We have determined that the additional information identified
in Enclosure 1 is needed for us to complete our review.

It is requested that you provide a response to this Request For Additional
Informatfor. within 60 days of recstpt of this letter. If you wish to discuss
or have clarified any of these issues identified, contact your Project Manager
and he will arrange a conference call with the appropriate technical review-
branch personnel.

This request for information was approved by the Office of Management and
Budget under Clearance No. 3150-0065 which expires May 31, 1983.

Sincerely,
.

@GITQSIGTD BY
Domenic B. Vassallo, Chief
Operating Reactors Branch #2 l
Division of Licensing !

\

Enclosures i

|Request for Additional
Information f

W/ Attachments 1 thru 4 |

\

cc: See next page
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- Mr. J. M. Pflant
Nebraska Public Power District

'cc:
,

Mr. G. D. Watson,- General Counsel
John T. Collins. Nebraska Public Power District

P. O. Box 499 Regional Administrator, Region IV
U.S. Nuclear Regulatory Commissibn( Cblumbus,' Nebraska 68601 611 Ryan Plaza Drive, Suite 1000
Arlington, Texas 76011- Mr. Arthur C. Gehr, Attorney.

Sreil & Wilmer'

. 3iO3 Valley Center -

' Phoenix, Arizena 85073

C6' per/ Nuclear Stationo.

ATTN: Mr. L. Lessor
StationJSuperintendent

s

P.~0.-Box 98
- Brownville,Nebfaska 6B321

t

' Director
'

Nebraska Dept. of Environmental . Control
- P. O. Box 94577, State House Station
Lincoln, Nebraska 68509

Mr.. William Siebert, Commissioner
'

Nemaha County Board of Commissioners-

c

Nemaha County Courthouse
Auburn, Nebraska 6E305 '

Mr. Dennis Dubois '
USNRC

' Resident Inspector
P. O. Box 218
Brownville, NE 68321 =

U:. S. Environmental Protection Agency
Region VII Office "

'

Regional Radiation Representative.~

I'|.
324 East lith Street-

.

Kansas Cf'y, M3. 64106
,
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REQUEST FOR ADDITIONAL INFORMATION

_NUREG-0737. ITEM II.B.3

POST-ACCIDENT SAMPLING SYSTEM (PASS) |
.

|
COOPER NUCLEAR STATION

!

'

1) We have determined, based on your submittals, that you partially meet
Criterion 2 of Item II.B.3 by establishing an on-site radiological and
chemical analysis capability. However, provide a procedure to estimate
the extent of core damage based on radionuclide concentrations that '
takes into consideration other physical parameters, such as core i

temperature data and sample location. In addition, please describe the
accuracy of your chloride analysis.

'

1 Attachment I contains a guide that can be used to aid you in the prepara-
tion of a procedure to estimate core damage to satisfy Criterion 2 of

. Item II.B.3. If you propose a procedure based on these quidelines NRC
*

Staff review will still be required., Atta'chment 2 contains a procedure
that we have approved for estimating core damage and if you agree td
adopt this pcocedure NRC Staff review is not required.

.

2) We have determined that your submittals only partially satisfy Criterion4

4 of Item II.B.3. To totally satisfy Criterion 4 please commit to in-,

clude the capability to verify that dissolved oxygen in the reactor
coolant is less than 0.1 ppm when the chl' ride concentration exceedso
0.15 ppm or provide justification for an alternate approach..

i 3) Criterion 6 of Item II.B.3. pertains to radiation exposures to in-
dividual,s obtaining and analyzing reactor coolant and containment atmos-
phere samples. We have determined that you partially meet Criterion 6.
To fully satisfy this criterion, please provide an analysis to de- '

monstrate that the radiation exposure during post-accident sampling
will be less than 75 rem for extremities.

4) Criterion 10 of Item II.B.3 states that the accuracy, range, and sensi-
tivity shall be adequate to provide pertinent data to the operator in
crder to describe radiological and chemical status of the reactor coolant
systems.

. We find that you partially meet Criterion 10 in that only the l'ower limit'.

of detectability was provided for boron analysis. Please provide in-
~

formation on the range, accuracy, and sensitivity 'of the procedure to.

demonstrate that the selected procedures and instrumentation will achi. eve
the analytical accuracies. In addition information demontrating their' -

applicability in the post accident water chemistry and radiation environ-
ment should be provided. This can be accomplished by perforening tests
utilizing the standard test matrix provided below or by providing evidence
that the selected procedure or instrument has been used successfully in
a similar environment.

- i

<-

!

.

-- - ,y _m ,- mi. y --- - e , , . - - , , w-.g.,w-,g y



.

. . . .

;
_

.
*

. . . ;. r y'y .. .

.g. *...

*
.

STANDARD TEST MATRIX
'

FOR *

UNDILUTED REACTOR COOLANT SAMPLES IN A POST-ACCIDENT ENVIRONMENT
Nominal -

Constituent Concentration (ppm) Added as (chemical salt)

I- 40 Potassium Iodide
Cs+ 250 Cesium Nitra'et'-

Ba+2 10 Barium Nitrate
'

La+3 5 Lanthanum Chloride
Ce+4 5 Ammonium Cerium Nitrate
Cl- 10
B 2000 4oric Acid

~

* *
- Li+ 2 Lithium Hydroxide

*
.

NO 1503'

NHj 5
,

K+ 20
4/ Gamma Radiation 10 Rad /gm of Adsorbed Dose

(Induced Field) Reactor Coolant
.

'

NOTES: '

*
*

..

1) Instrumentation and procedures which are applicable to diluted samples
<

only, should be tested with an equally diluted chemical test matrix."

The induced radiation environment should be adjusted commensurate with
j the weight of actual reactor coolant in the sample being tested.
"

.

2) Procedures which may be affected by containment spray additive

chemicals must be tested in both the standard test matrix plus '

'

.-..

appropriate spray additives. Both procedures (with~and without
spray additives) are required to be available. ,..

j 3) In lieu of conducting tests utilizing the standard test matrix for
'

| _

( instruments and procedures, provide evidence that the selected in-
|

strument or procedure has been used successfully in a similar
.

environment.
!

'

..
,
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Also please provide information to assure the following: all
equipment and procedures which are used for post accident sampling.

' ~and analysis will be calibrated or tested at a frequency which
will ensure, to a high degree of reliability, that it will be ~

available when required; and operators will receive initial and
i refresher training in post accident sampling, analysis and transi-

port. A minimum frequency for the above efforts is considered'
to be every six months if indicated by testing.

.

Attachment 3 contains a report on the evaluation of Sentry Equipment,

Corporation and General Electric Company analytical chemical procedures
for post accident analysis. An acceptable position 'to satisfy Criterion

- 10 would be to reference the procedures in this report or propose-

alternate procedures which would.be subject to our review and
approval., .

5) Criterion II of Item II.B.3 states that in the ' design of the post accident
sampling and analysis capability, consideration should be given to the
following items:

a) Provisions for purging sample lines, for reducing plateout-

in sample lines, for minimizing the sample loss or distortion,
for preventing blockage of sample lines by loose material in
the RCS or containment, for appropriate disposal of the samples,
and .for flow restrictions to limit reactor coolant loss from 'a
rupture of the sample line. The post accident reactor coolant
and containment atmosphere samples should be representative of
the reactor coolant in the core area and the containment atmosphere
following a transient or accident. The sample' lines should be as
short as possible to minimize-the volume of fluid to be taken -

; from containment. The resid:;as of sample collection should be
'

returned to containment or to a closed system.

! b) The ventilation exhaust from the sampling station should be
filtered with charcoal adsorbers and high-efficiency parti-;

culate air (HEPA) filters. ,
. - , .;

, ,

Your PASS sample lines are quarter-inch outside diameter stainless steel
tubing, which minimizes purge volumes, maintains turbulent flow through
the sample line, and provides a flow restriction to minimize reactor
coolant loss from a ruptured sample.1-ine. Purge volumes are returned ,

,to the drywell equipment drain sump and diluted samples are discarded
,in the radioactive waste system. The containment atmosphere sample

line is insulated and heat tracted from the drywell wall to the PASS.
The sample lines do not contain flow restrictors. Reactor coolant
and RHR samples are taken through the normal sample points which are
automatically isolated on containment isolation and/or safety injection
signals. Containment atmosphere samples can be taken from three

6
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different representative drywell elevations.

The system is located inside the Reactor Building which nas~exhau't"''s
ventilation through charcoal adsorbers and HEPA filters.

We have determined that these provisions partially meet Criterion II.
However, we have concerns about the capability to obtain representative
samples from,the reactor vessel and suppression pool under accident

,conditions. Therefore, provide sufficient information to demonstrate
|that representative samples can be obtained from the reactor coolant

inside the reactor vessel and from the suppression pool water. Attachment
4 contains a copy of the Light-Water Reactor Review Group position paper ~
(LRG-ll) on reactor coolant sampling. An acceptable position to satisfy ,

'

Criterion 11 would be to reference LRG-ll or provide an alternative
.

procedure which would be subject to our review and approval.
|

,

Attachments.
'. 1. Guide .

2. Sample Approval -
.

, ,

Plant Procedure !

3. Evaluation of'GE and
SEC Procedures I

4. LRG-11

i
<.

'
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POST-ACCIDENT SAMPLING
GUIDE FOR PREPARATION OF A PROCEDURE

-

TO ESTIMATE CORE DAMAGE

The major issue remaining to complete our evaluation of NT0L's for
compliance with the post-accident sampling criteria of NUREG-0737 is
preparation of procedures for relating radionuclide concentrations
to core damage. To date, none of the applicants has been successful >

in providing an acceptable procedure. As a consequence, each NTOL has ,

a Ticense condition which may restrict power operations. One of the
-contributing factors in the applicant's slow responses to this item is Wtheir confusion on exactly what to prepare. The attachment-is intended
to provide informal guidance to each NTOL applicant so that their J%

~ procedures, when prepared, will address the core damage estimation in a . . :,,

manner acceptable to us. ,

We anticipate that preparation of a final procedure for estimating cc[re
damage may take approximately 12 months. Therefore, we are willing to accept
an interim procedure which focuses on fewer radionuclides than are indicated
in the attachment. The interim procedure in conjunction with a firm date
for the final procedure would be used to remove the power restricting

- license condition.
!

The primary purpose in preparing a crocedure for relating radionuchide
concentrations to core damage is to be able to provide a realistic estimate
of core damage. We are primarily interested in being able to differentiate
between four major fuel conditons;-no damage, cladding failures, fuel over-
heating and core melt. Estimates of core damage should be as realistic as
possible. If a core actually has one percent cladding failures, we do not
want a prediction of fifty percent core melt or vice versa extremes in
either direction could significantly alter the actions taken to recover
from an accident. Therefore, the procedure for estimating core damace<

should include not only the measurement of specific radionuclides but a
weighted assessment of their meaning based on all available olant indicators.
The following discussion is intended to provide general guidance pertaining,

!
to the factors which should be considered in preparing a procedure for
estimating core damage but is not intended to provide an all inclusive plant

| specific list. .

The rationale for selecting specific radionuclides to oerforn " core
damage estimates from fission product release" is included in the Rogovin
Report (page 524 through 527, attached). Basically, the Rocovin Report
states that three major factors must be considered when attempting to
estimate core damage based on radionuclide concentrations. .

1. For the measured radionuclides, what percent of the total available
| activity is released (i.e. is only gap activity released, is sufficient

activity released to predict fuel overheating or is the cuantity ,'

of activity released, only avaiTable through core melt?)

|

\.. .. ..

.
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2. What radionuclides are not present (i.e. some radionuclides will,
in all probability, not be released unless fuel overheatino or
melt occurs). The absence of these species bounds the maximum
extent of fuel damage.. -

3 .- What are the ratios of various radionuclide species (i.e. the gap
activity ratio for various radionuclides.may differ from the. ratio
in the pellet). The measurement of a specific ratio will then
indicate whether the activity released came from the gap or fuel
overheating / melt. _

In addition to the radionuclide measurements, other plant indicators may
be available which can aid in estimating core damage. These include. -

incore temperature indicators, total quantity of hydrogen released from
zirconium degradation and containment radiation monitors. When orovidino
an estimate of core damage the information available from all indications
should be factored into the final estimate (i.e. if the incore temnerature
indicators show fuel overheat and the radionuclide concentrations indicate
no damage, then a recheck of both indications should be performed).

Consistent with the categorization of fuel damage in the Rogovin Renart,
the four major categories of fuel damage can be further broken down,
similar to the following list, consistent with state-of-the-art technolocy.
The suggested categories of fuel damage.are intended solely to address fuel
integrity for post-accident sampling and do not pertain to meetino normal
off-site doses as a consequence of fuel failures.

'

l. No fuel damage. _

2. Cladding failures (<10%). .

3. Intermediate claading failures (10% - 50%).

4. Major cladding failures (>50%).

5. Fuel pellet overheating (<10%)

6. Intermediate fuel pellet overheating (10% - 50%).

7. Major fuel pellet overheatina (>50%).

8. Fuel pellet melting (<10%).
-

9. Intermediate fuel pellet melting (10% - 50%).

10. Major fuel pellet melting (>50%).
. s.

. - . m .,,",, . e. , . g p.es e g .
,,, ,, ,



._. _ . , __ - . _ . . _ _ _ _ _ _ . . - _

. .
-

. . ._ . . . _ _ . _ _ _ . . . . . . . . . _ . . . . . . _ . _ . . . . . _.

,

- . .

-3-
.

.

Because core degradation will in all probability not-take place uniformly,
the final categories will not be clear cut, as are the ten listed above.
Therefore, the preparation of a core damage estimate should be an iterative
process where the.first determination is to find which of the four major
categories is indicated (for illustrative purposes, only radionuclide
concentrations will be considered in the following example, but as indicated
above, the plant specific procedure should include input from other plant
indicators). Then proceed to narrow down the estimate based on all available
data and knowledge of how the plant systems function.

Example
._

~

In a given accident condition, there is 70% clad failure, significant
. fuel overheating and one feel bundle melted. Utilizing the iterative.

process

First calculate the maximum fuel melted by arbitrarily attributing all
activity to fuel melt (under these conditions, five to ten melted
bundles may be predicted). Therefore, the worst possible condition
is fuel pellet melting."

Second , calculate the maximum fuel overheated, by arbitrarily attributing
all activity to fuel pellet overheating (under these conditions,
major fuel pellet overheating is predicted).

Third, calculate the m&ximum cladding failures, by arbitrarily attributing
all activity to cladding failures (under these conditions, greater
than 100% fuel cladding damage is predicted).

At this point is is obvicus that major cladding damage-is present and that a
large amount of fuel pellet overheating has occurred with the potential
for some minor fuel pellet meltino.

Fourth, check for the presence of radionuclides which are indicators of
fuel pellet melting and overheating. In this instance, obvious

indicators of overheating will exist along with trace indicators of
potential pellet melt.

Fifth, based on the radionuclide indicators of fuel pellet overheatina
damage (confirmed by incore temperature) make an estimate of how
much fuel overheated. This result will in all probability indicate
major fuel pellet overheating.

'

Sixth, subtract the activity estimated from fuel cellet overheating,
plus the activity attributable to 100% gap release from the total
activity found. This will result in a negative number because the..

~ contributions from overestimating cladding damage (100% versus 70%)
anif' fuel overheating (major versus intermediate will exceed the
activity contribution from one melted bundle.

,

.
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At this point, ? core damage. knowledgeable judgment must be employed to establish the' best estimate o Although all damage could be attributable
to cladding damage and fuel pellet overheating, the trace of radionuclide
indicators of fuel pellet melt indicate the possibility of some fuel

> . melting. Based on knowledoe of- core temperature variations, it is
highly unlikely that 100f, cladding damage would exist without significant
fuel melting. . Also, some of the activity attributed to fuel pellet
overheating must be associated with the amount of fuel pellet melting
which is indicated.. Therefore, .the best estimate of fuel damage would ,

be that " intermediate fuel overheating had occurred, with ma,ior cladding
damage and the possibility of minor fuel pellet meltino in one or two - -

-

fuel bundles out of.'150 fuel bundles." .

The above example is obviously ideal and makes the major assumptions -

that:

A. The radionuclide/s monitored are at equal concentrations in all
fuel rods.

In actuality, at no time will all radionuclides be at equal concen-
. trations in all fuel rods. Because the time to reach equilibrium
for each radionuclide is different, due to their hiohly variable
production and different decay rates. Some isotopes will aaproach

,

equilibrium quickly, while others never reach equilibrium. Therefore,
it is necessary to factor in reactor. power history when detennining
which radionuclide is optimum for monitoring in a given accident
condition. Probably the optimum radionuclides for estimating core

| damage will vary as a function of time after refueling and based on
|

power history.

| _ B. Equilibrated samoles are readily available from all samole locations '

| at the instant of samoling. Considering the large volumes of
- liquid and vapor spaces that a leakage source migrates to and mixes

with, for other than very large leaks, it will take many hours or
even days to aoproach equilibrium conditions at all samole locations.

C. Maximum core degradation occurred orior to initiation of samolinn.
Unless total cooling is lost, core degradation can be anticioated
to progress over a period of hours. Thus, there is not a given-

instant when samoling can be conducted with positive assurance that
maximum degradation has occurred.

Considering that ideal conditions will not exist, then procedure for
,

! estimating core damage should be prepared in a manner that the effects
j of variables such as time in core life and type of accident are accounted

for. Therefore, the procedure for estimating core damage should include
the determination of both short and long lived gaseous and non-volatile
radionuclides along with ratios for appropriate species. Each separate
radionuclide analyzed, along with predicted ratios of selected radionuclides
would be used to estimate core damage. This process will result in fourt

|' separate estimates of core damage, (short and long-lived, gaseous and
non-volatile species) which can be weighed, based on power history, to
detennine the best estimate of core damage.

.- . ,. . . - . , . . - ..=n---. . ;. - ; . = -...--.-. _-_.
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The post-accident sampling system locations for liquid and gaseous samples
varies for each plant. To obtain the most accurate assessment of core
damage, it is necessary to sample and analyze radionuclides from each of
these locations (reactor coolant, containment atmosphere, containment
sumps and suppression pool), then relate the measured concentrations to the .

total curies for each radionuclide at each samole location. These measured
radionuclide concentrations need to be decay corrected to the estimated
time of core damage (to). Their relationship to core damage can be obtained "

by comparing the total quantity and ratios of the radionuclides released
~

.,

with the predetermined radionuclide concentrations and ratios which are -

available in the core based on power history. Assuming one hour per samole .

location to recirculate, obtain and analyze a sample from each location ..

it would take hours to perform each of those analyses.
.

Based on the above rationale, the final procedure for estimating core
damage using measured radionuclide concentrations will probably rely
only on one or two sample locations during the initial phases of an
accident. The optimum radionuclides for estimating core damace will also,

'

in the short term, be based on recent power history. uhen eouilibrium
conditions are established at all sample locations,_ radionuclide analysis
can be performed to obtain a better estimate of core damage. The specific
radionuclides to be analyzed under equilibrium conditions may be different
than those initially analyzed because of initial abundances and

' -

different decay rates.

The specific sample locations to be used during the-initial phases of an
accident should be selected based on the type of accident in progress
(i.e. for a BWR, a small liquid line break in the primary containment
would release only small quantities of volatile species to the dry well.
Therefore, sampling the dry well first would not indicate the true magnitude
of core damage). For the same small break accident, if pressure is reduced
by venting safety valves to the suopression pool, then the suooression
chamber vapor space would contain the majority of gaseous activity. In the
case of a'small steam line break, without venting safety valves to the
suppression pool, the dry well may be the best samole location.

To account for the variations in prime samole locations, based on type of
accident, the procedure should include a list of primary samnle locations.
This list should include both a prime liouid'and gaseous location and state
the reasoning'used to determine that these locations are best. Additionally,
the procedure should address other plant indications which can be used to
verify that the sample locations selected are best for the specified ~

accident condition. ,

Finally, the procedure should incorporate plant specific examples which
show estimates of core damage based on predicted radionuclide concentrations.
Methodology for this step is provided by letter of May 4,1981, from
McGuire Nuclear Station, Docket No. 50-369.

. , . . ..
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at 2 hc.c. 54 m.nutes, v:hc.gn t.ddt;cn!.: t,.!,. a n n. c'..- utd Z2-
,

stum;;.;g cccurred at 3 hours 45 minutes. caloy in the cct.
7. All of the fuel roos in the ccre burst, during an 14. The ccma;;3 in in. cc c crtirds from the tcp [,

- approximately 30-minute . (center bundie) to downward at least 7 fec* nd crobably 8 feet,
40-minute (towest power peripheral bundles) over mest of the c:re red cnsists of oxygen
period after the top of the core was uncovered embrittled Zircaioy c'ad$ng tec;ed by a bed of -
at de;:ths ranging from 1% feet (center bundle) debris that probso!y censists of fuel pc!!et frag-
to 2 feet (peripheral bundle) from the top of the ments, partially disselsed fuel pe!!ets, shells of
fuel rods. .

Zircaloy oxide, and segments of embrittled Zir-
8. Temperatures 'at whch liquefied fuel (UO dis- caloy cladding with outer skins of Zircaloy ox-

2
solved in the zirconium metal-zircornum dioxide ide, a5 glued together with Equefied fuel into a
liquid eutectic at about 3500 to 36007) could relatively tight and compact mass extending
be formed were calculated to have first been ~ entirely across the core from we5 to waB and -
reached at 6 inches from the top of the fuel in . penetrated by only a few vertical passageways,
the fuel rods in the central fuel bundle about 33 at most. In addition, fingers of liquefied fuel ex- .

minutes after the top of the core was un- tend downward from the debris bed in several
'

covered and were reached as low as 36 inches continuous subchannels between fuel rods, en-
from the top of the fuel. Such temperatures compassing the neighboring- fuel rods, to a -

were calculated to have been reached in the depth of about I foot above the bottom of the
pericheral bundles at a depth of about 14 fuel stack in the fuel reds. Not less than 32%
inches from the top of the fuel in about 46 of the fuel assemblies have such fingers of
minutes after the core was uncovered and at a . Ik;uefied fuel
depth of about 41 inches in 57 minutes.

9. The peak. temperatures calculated for the fuel
rods ranged from 4370'F in about 52 minutes c. Core Damage Estimates from Fission
for4he highest powered bundle to a maximum Product Release
of 4412'F for a medium powered bundle at 58
minutes to about 4358'F for a lower powered At shutdown the reactor core contained fission -
peripheral bundle at about 78 minutes. products, activation products, and actinides. Some

10. The amount of hydrogen formed by oxidation of ~ of_ these, notably krypton and xenon, are gaseous
solid Zircaloy cladding dunng the temperature and can diffuse through the fuel peGet to collect in
excursion was calculated to be about 308 the gap between the fuel and the c! adding. To a
pounds, and that formed from a5 of the dam- lesser extent, the halogens (iodine and brom,ine) can '
aged Zircaloy, including that contained in the also diffuse into the fuel-c!ad gap.' Any perforation
liquefied fuel present at 3 hours, was calculated of the c! adding can release these fission products
to be about 720 pounds. This is the minimum into the reacter coolant.
amount of hydrogen estimated to have been if the fuel temperatures are higher than operating
formed. The maximum ( ould be as high as 820 temperatures, but we5 below rneiting, other radioac-
pounds. tive materials are volatilized and can diffuse out. '

11. The major releases of hydrogen to the contain- Also, diffusion of the noble gases and halogens in-
ment occurred before 4 hours accident time creases so that a larger fraction of these can be
and during the long depressurization around 8 released. The release of cesium is quite variable

. hours. No significant amount of hydrogen was and could be caused by compound formation. Se-
produced after about 4 hours. cause of this variability and what is now known

12. The minimum water level occurring in the core about cesium, it is not possible to determine pre-*

up to 3 hours is estimated to have been 4 % cisely the temperature at which a reascnably large -

ft from the bottom of the fuelin the fuei reds on fraction of the cesium would be released; however,
the basis of the amount of hydrogen produced, it is believed temoeratures would not be lower than
the amount of radioactivity released, the time at 1300 C (2370'F).27 ass
which significant levels of radicactivity were At higher temperatures that cause the liquefac.

* detected, and the structural damage'" stimated tion or melting of fuel, some fraction of cther fissione

~ in the core. products such as te!!urium can be released. Data
13. The total amount of 2'rcaloy oxidized is calcu- reported show that the escape of te!!urium depends -

lated to be not less than 16400 pounds and on many factors other than temperature." Under
may have been as high as 18 700 poundst Le., oxidizing conditions some ruthenium , may be
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released tehre me: tang in ger. arc!. r.: .c tage the most severe'y e magud fuel. Sma:! fract:cns,,

fractions cf both tefurium and na: cnium are approximately t0'', cr less, cet/d have been

released in melting; but undar some cendtiens, released frem perforated but other,.ise undamaged

these materials can also be released before melt.
rods, but this cannot te we!! estimated.

-

The presence of ruthenium and te!!urium does not*

prove that melt has occurred, but the absence of
' them is a goed indicator that melt has not occurred. Leaching frem !rradiated Fuel

More recent experimental work,1er.1so while tending wd Mm d 'M reing gw g
to cor*m previous data, has not resolved aB the have been re! eased from the very hottest fuel The

eJf fem . principal mechanism for release of these refractory 'questiorm 1.pn.nv -=n -

pwature cedh @ h products materials is rebably teaching. Leaching fromirradi-
#**** ated (JO has not been thoroughly studied. Mcwev-

2 19a,1sa and of Forsyth and
''

Many of me W and est d me er, the werk of Katayama
occur as rou f oxides and are Eklund ' has shown that the leaching rates are ;..8

released my in reladveh M amunts e at slow, comparable to those from glass. Quantitative .

eimated tempeh Howser, N damaged bei data, esim.ef or the temperatures and conditions - ~f
peRets are rewetted, some of the more ran g. f g ATMI4 we W spese 6 a Me cS.

'
.

radioactive material can be leached out. This pro- culation of the rate of teaching, espec.aDy when one
cess b h and q sman Mas of h consaders that the condition of the damaged fuelis

-

materials Hnd their way into the ecclant by leaching. ,,gy
The !cnger damaged fuel is in contact with water, An additiona! complication is presented because

me mee matmah are re! eased the effective surface area of irradiated fuel present-
ed to the water is almcst irnpossible to estimate be-'

Categories of Fission Product Re! eases and Their
cause of cracking and perosity. The mest that can
be done with the available data is to form an "edu-

Relation.to TMI-2 cated guess' as to whether the fuel appears to be ,

Fissico prcducts and actinides can be divided * * " " '"''Y * 'C'8 # #- * '#*.

into typical re! ease groups, based on the ease with i very fine fragments. Withcut addtienal data it is
which they are volatilized. One such grouping (from not possde to es6 mate me actual size dsdudm ,
Ref.191) is in order of decreasing volatility. of the fragments.. However, a sma!! fraction of the

i Noble gases (Kr Xe) most refractory material can be expected to have
found its way into the reacter cociant. An approxi-I Halogens (1, Br)
mate teaching calculation is presented in Appendix ~5 Alkaimetals(Cs, Ab)
R.7. On the basis of this approximate calculation, it*

IV Teaurium O'e)
V Alkaline earths (Sr, Ba) is possible to state, with very low confider ce, that a

VI Noble metals (Ru, Rh, Pd, Mo, Tc) large fraction of the fuel can present!y be fragment-

VI Rare earths and actinides
ed and that the size of the fragments is mere Ekely

Vit Refractory oxides of Zr and Nb to be a few mi!Emeters than dust!ike. A similar cal-
culation has been carried out by Pcwers.'81 His

The fraction of gaseous and volatile fission pro- ns, ah@ mt MenM we mese, Mi-
I ducts released depends on the temperature and the cate that the observed activity may have been

size of the fuel fragments. If the' temperature is high caused h W ka&g fran Wge-sizd frag-
or if the fuelis highly fragmented, nearfy complete mens a s e fp e es m mme -

release cf the volatile materfa!s can be assumed. a few peM sMer man 2 mheters ,in &
Under the conditions mat have been calculated ameter and none smaller than 0.6 mi!!imeter in dam-

for the actdent at TMI-2,tes nearly complete "
re! ease of groups I and I can be assumed from aH

,

-

.

fuel that was severely damaged, plus scme addi-
f tional fraction from fuel rods whose claddng was Expected Dispersion of the Fission Products from

perforated withcut damage to the fuel. This add- the Reactor
tional amcunt from perforated but otherwise undam-

| Princ: pal fuel damage probably started before 3aged rods is. probably partly balanced by the hours after turbine trip. There was probably only
I

amount nct released from severely damaged fuel
A major fraction of group !!! and a much smaDer minor damage before 2 hours. The calculated total

ss f fission prcducts, activation prcducts,
fraction cf group IV could have been released from inventcry o

| 525
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TABl.E 1150. Activity in rete.m groups' e., the voy high sch.b2,:y ' :-1: a o water and the- i
strong tendency of atmo:Aric icdine to plate out

Group Actmty en surface quickly reduces the amount of iodine in '-

the air. Cesium, less volatile, is not expected to bes
-| 2.97 x 10 Cl present in the air in a sign!!! cant quantity. On the

other hand, the solubility of xenon arid krypton iss ,

11 4.47 x 10 Cl
very Icw; these gases will be fcund almost entirely .

7 3'

lit 4.6 x to Ci in me air.
To summarize, neaW complete release of nobles '

IV 1.61 x 10 Cl gases, odine, and cesium from di.c.i.wod fuelis ex-

V 3.85 x 10 Ci pected, even if the temperature is below the melting
-

s

point. Significant releases of teGunum, rutherwum,
634 x d Cl and more refractory materials will occur only if the

.
. temperature approaches me memng point. Most of , ,

Vll 2.69 x 10' Cl the noble gases win be found in air, and rnost of the ,

vill 4.30 x 1o Cl other fisson products will be found in water. j-s
,

Total 5.11 x 1o' Ci" .

Distribution of Fission Products at tre TML Site
:
*

*A few Moments of low total activity, notably Fe. Cu.
As and se, nave been arbitrardy located on the basis of Analyses of samples of contamment air, reactor

-

.

" Total does not oude agree with calculated total Coolant water, and auxillary building tank water aremeting po.nt.

acuvity because et rounding. summarized in Ref.197, Reactor coolant analyses
-

show between 7% and 15% cf the calculated inven- **

and actinides is given in Table B-56 for 3 hours after tory of "edine and cesium isotopes to be in the ~

coolant. If these measurements are corrected forshutdown,
A detailed discussion of the fisson product- dHution by water from the borated water storage

release pathways begins in Section 11.8 of this re-
tank, the fractions will be a factor of 3 higher.-

port where a short summary is included. P=4ne-
Results for refractory materials show great variation. ,

tive material released to the reactor coolant may A sample taken on Apri 10 was analyzed by four la-

have been partiaRy flushed to the contamment boratories. There was a large variation from labora- i

through the open PORV (RC-R2). Some of the ma- tory to laboratory, indicating low confidence in the ;

terial may have been flushed to the containment pri -
results. Analyses of krypton and xenon isotopes in

~ or to the contamment isolation and then pumped,to the containment atmosphere also showed consider- i
the auxiliary building. However, the coctant may able variation. Mc ccc, based on the most abun- !

G3Xe), there seemed to be .I
have contained only a minute fraction of the total dant isotopes (asKr and

activity at this time; it is highly improbable that a sig-
29% to 62% of the core inventory of noble gases in }

ruficant fraction of the coolant was released before
the containment air. Only 2% to 3% of the 'edine i

the reactor building sump pumps were shutdown. and cesium was found in the auxiliary building tanks. ,1

There is an unsubstantiated f,n==Mtyise that more On tsugust 28,1979, a hole was dnlied into the !
t

water leaked to the auxaiary building after pump reactor building and samples of sump water were '

shutt'own. This leakage would have termmated removed. Analyses of these samples showed 22% -{

when the reactor building was isolated after 3 hours to 48% of the core inventory of iodine and cesium to ?
,

i
be in the reactor building sump water.ios in addition

56 minutes. to *cdine and cesium, very smali amounts of Ru, Zr, I
Most of the material flushed out of the RCS prob- .!

ably remained in the reactor building. Some add- te, Sb, L.a. and Ag were fcund. Asi expected, little
Sr was found. At most, the amounts correspond- E80

tional material may have volatilized from the makeup
ed to a few miTenths of the core 'mventory. About

''

tank. Aside from ttsse losses, which are not ex-
pected to be very large, estimates of the total activi-

0.02% of the core inventory of129mTe was found.
I
iAB of these sample analyses were corrected for

ty released from the fuct can be made by analyzing
decay of the radicnuc!! des to the time of analysis. }

the reactcr building air and water samples, the reac-
tor coctant, and the auxi5ary building tanks.

This correction process is certainly more accurate !.

I
lodine is quite volatile, and it may be suppcsed than the analyses themselves; i.e., the accuracy of

-

I
the estimates does not depend on the accuracy of

that a significant fraction is found in the air. Howev- f.
I

o ..
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t .e di * ::': ' fon. Tr.hb t;-57 i a rec ' ' ::.- ' 1 c!c ' ; - S ' - ' f . , * : : cam genera:-.

. c action several as-*
of the rc cap cf .clatiles. '. ed by the be...:G *. c'. -

' pects of the hydregcn "ptcb:em* are discussed.
The focowing subjects arc treated in this sectiore'

Findings ,
_

.

From these results, one can cauticusly conc!ude 1. hydtcgen production,

that between 40% and 60% of the ccre inventcry of 2. hydrogen accounting, .

-

3. calculatien of bubb!e size,
re! ease groups I-!!! was re! eased to the coolant; that ,

4. removalof the hydecgen bubble, and
only a small fraction of group IV was re! eased; and-

5. the hazard.from the hydrogen bubble.
that only minute amounts of the remaining groups,

i were released. The amount of refractory isotopes

j released is consistent with teaching (see Appendx ' .'

Hydrogen Productiong ,

These data tend to confirm other analyses of Two possible sources of hydrogen are con-

| core damage. The data on, radioactivity released sidered metal-water reactions and radclysis. Oth-
: are too sparse and variable for a precise conc!usion er conceivable sources include oxidation of UO ,g

. | to be rnade on the amount of core damage; howev- which has not been investigated. The producton of I
'

er, the fc!!owing conclusions appear to be suppert- hydrogen from metal-water reactions is known to
! ed. have been targe; therefere any hydrogen from other .

mec.Wsms b expected to be s.M in companson.
! 1. About 50% of the reactor core was damaged suf- Radchsis is not expected to produce targe

f.cient!y to release tha most velatife fission pro- amounts of hydrogen. it ,is investigated because the
,

ducts, possibility el oxygen producticn was censidered at
i 2. The low fractions of te!! unum, ruthenium, and the time of the acc: dent. If oxygen had been

,

strentium indicate that no significant quantity of released, the hydregan that was trapped in the
fuel reached the ri:elting point of UO (5200'F). reactor coc! ant system cculd have beccme flamm-

,
2

3. The amount of ref.ractory isotopes in the reactor ak
coolant is consistent with teaching.

Metal-Water Reaction

d. Hydrogen Production, Removal, and Hazard Many metals are oxidized by water. The react.on

is my dow at W ternperatures fcr mest metah.-

Introduction Both steel and zirconium are oxidized at an increas-
One of the surprises of TMI 2 was the formation ing rate as the temperature rises. The oxidation of

of large arncunts of hydrogen from the reaction of zirconium, the major constituent of the c!addng, cc-

TABLE 11-57. Total volatile isctopes released from core

Released Isotope (fraction of core inventory) .
- arg

1(8% *Cs *Cs K Kr'33 '38
To Xe

Environment 0.01' 2 - __-

:

3 )(-~ RB Atrnosphere 0.46 --

i
'

RB Water 0.22' O.48' O.34' ;<
-

RC Water 0.14' O. I 2' 0.08' X-
.-

,

0.03 0.03 0.02Aux. Btdg. Tanks -

Totals 0.46 0.39 0.63 0.44

I
| See Ref.199

20 ashes indicate tow values (generally less than t*J.

i 09est estirnate frorn data in Ref.197.
.

#Average of CDservations.
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| .1.0 OBJECTIVE AND SCOPE -

The purpose of this procedure is to determine the degree of reactor core
damage from the measured fission product concentrations in either the water
or gas samples taken from the primary system under accident conditions.
The procedure involves calculations of fission product inventories in the

i core and the release of inventorie s into the primary system under
| po stulate d loss-of-coolant accident (LOCA) conditions. The fuel gap
: fission products are assumed to be released upon the rupture of fuel
! cladding, and the majority of fission product inventories in a -[ael rod M

be released T.fu4l*<l4bg w4<< 4e n ece 6 +bak vod . A BWR-6/238
' with a Mark III containment is used as a reference plant in the

demonstration of this procedure. Application of the precedure for any-

other type or size of boiling water reactor (BTR) is described.

2.0 PROCEDURES FOR DETERMINATIONS OF COEE DAMAGE

! 2.1 Refer'ence Plant (BTR-6/238. Mark III) i

'

2.1.1 Reference Plant Parameters

| The pertinent plant parameters for the reference plant are given below:
| .

Rated reactor thermal power 3579 Mit
Number of fuel bundle s 748 bundles

Total primary coolant mass.(reactor
water pins suppression pool water) 3.92x108g

Total containment and drywell gas space
- volume 4.0x10**cc

i

"
The fission product inventories in the core are calculated based on three
years (1095 days) of continnons operatics at 3651 MTt, or 102% of rated -

power',, by using a computer code developed at Los Alamos and adapted to the .

GE computer system.fle The inventories of some major fission products in
the core at the time of reactor shutdown are given in Table ~1.

2.1.2 Procedure
Either' the gas or water samples taken from the post accident sampling

.

'

system are analyzed for major fission product concentrations by gamma ray
.

. spectrometry. If the concentration of a fission product in reactor water
( or drywell, corrected for decay ps. the time of reactor shutdown, is
I. asaanrod to be higher than the baseline concentration shown in Table 2 (see

Section 3.1 for det ails), the extent o'f fuel or cladding damage can be
determined directly from Figures 1-4 based on isotopes I-131, Cs-13.7 Ie-
133, and Ir-85. Measurements of Cs-137 and Ir-85 activities are not very
likely until the reactor has been shut down for longer than a few weeks and
most of the shorter-lived isotopes have decayed.

.

I

L *
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If the concentration falls into the range where release of the fission
from the fuel gap or the molten fuel cannot be definitivelyproduct _

additional data may be needed to de t ermine the source ofdete rmined,

fission product release (see below).

'

It is recommended that both the water and gas phase samples be measured in
order to reduce the nacertainty in core damage estimations.

2.1.3 Sapplementary Data

' In addition to the longer-lived isotope s, some shorter-lived isotope con-
centrations may be measured in the sample. The ratios of isotopes released
from either the faal gap or the molten f uel are significantly different as
shown in Table 3 (see Section 3.3 for detail), thus the source (fuel or
gap) of release may be identified. Parthermore, some less volatile elements
in the core may also start .to release as the fuel starts to melt. If the .

less volatile fission products, such as isotopes of Sr, Ba, La, and En -

(either soluble or insoluble), are found to have nannually hish concentra-~

tions in the water sample, Soet cleyet-o f fu el **llmq my b< bf4W4d.
In a mixture of fission products 2.7h Sr-92 (1.385 MeV) and 40 h La-140
(1.597 MeV) shonid be relatively easy'to identify and measure from a gamma

T ray spectrum. More work, however, is seeded to establish the baseline
concentrations for those isotopes.

2.2 Soecific Plant Annlication
'

.

^

2.2.1 Plant Parameters
i

The pertinent reactor parameters for selected plants currently. being
retrofitted with the post accident sampling system are tabulated in Table
4.(2)

2.2.2 Procedure
.

The sitent of core damage in an operating BTR can be d e t ermine d by
comparing the measured concentrations of major fission products in either
the gas or water samples, after appropriate normalization, with the
reference plant data. The following procedure is recommended.

.

(1) obtain the samples from the post accident samp11'ng system, and the
concentration of a fission product i (C,1 in water or Cgi in, gas)

~

is determined.

(2) Correct the messured concentration for decay (mthe time of reactor
shutdown. .

.
-

(3) Correct the measured gaseous activity concentration for temperature
and pressure difference in the sample vial and the containment (torns)
ga's phase (see footnote on p. 3).

i

e

!
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(4) Calculate the fission product inventory correction factor (Section
2.2.2.2).

(5) Calculate the plant parameter correction f actor (section 2.2.2.3) .
,

(6) By using the cor ggtion g} ors, calculate the normalized
concentration, or (section 2.2.2.1) .g

(7) Use Figures 1 through 4 to estimate the extent of fuel or cladding
damage.

2.2.2.1 Comparison with Reference Plant Data

The extent of core damage can be estimated from the measured fission
product comentrations in either the gas or water samples, as described for
the reference plant. However, the measured concentration must be corrected

-

for the differences in operation power level, time of operation, primary
coolant mass and containment gas volnae.

At '

Ref Ii; C =C eg ,z Fyg z F, or

At '

Ref I
C =C e zF.xF
gi si Ia 3

where C = concentration of isotope i in .the reference plant'
coolant (Ci/g)

C' = concentration of isotope i in the reference plant
8 containment gas (Ci/cc) *

,

!. Cy = measured concentration of isotope i in the operating *
,

| coolant at time, t (Ci/g).

|

| .

.

L

'

- -
. . _ _. . . '

l
.

.

.

[ *

!

l
*

l
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C = measured concentration of isotope i in the operatingIg
containment gas at time,_t (Ci/cc)**

e = decay correction to the time of reactor shutdown

A = decay constant of isotope 1 (day)g

t = time between the reactor shutdown and the sample time
(day)

-F = inventory correction f actor for isotope iyg
(see Section 2.2.2.2)

.

-F = containment gas volume correction factor
3 (see Section 2.2.2.3)

~

~

F, = primary coolant mass correction factor
(see Section 2.2.2.3)

2.2.2.2 Inventory correction Factor

'

Inventory in reference vtant
~

Il " Inventory in op. orating plant

3651 (1-e ')
i)]25 [P (1-e i j) e

'' - ~

J J

vhere P = steady reactor power operated in period j (NYt)*
j

T = duration of operating period j (day)* '

j

T' = time between the end of operating period j and
d time of reactor shutdown (day)

For a particular short-lived isotope, i, a calculation for only a period
of ~6 half-lives of reactor operation time before reactor shutdown should
be accurate enough. It shonid be pointed out that the cenputer calculation
of cor6, inventory take s into account the fuel burnnp, plutonica fission and
neutron capt ur e reactions. T"n e correction factor calculated from this
egnation may not be entirely accurate, but the error is insignificant in
c ompari son to the sacertainties in the fission product release fractions
(Table 5) and other assumptions (Section 3.2).

.

. .

'

*In each period, the variation of steady power should be linited to 120%.

**The following. correction for the measured concentration is needed if ;he
temperature and pressare in the s ample vial (T ,P ) are different from1 1
that in the contair. ment (T , P ):

.
-

2 2

Cgg = Cgggyg,3) x 21

1^2

.

.
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2.2.2.3 Plant " Parameter Correction Factors '

overstine clant coolant mass (r)
F, = reference plant coolant mass (3.92x10' g) '

Operatina n! ant containment tas volume ( e c)'.

s" reference plant containment gas vol.(4:101* cc)

In case the fission product concentrations are measured separately for the
reactor water and suppression pool water or the dryvell gas and the torus
gas, the measured concentrations C,g gg von 1d be averaged from the separateor C
measurements:

.

(Cone, in Ex water)r(Rx vater ma s s)+(cone. in voel)2(nool water asss)C *
vi Reactor water mass + pool water

(e n in drvve11)r(drvve11 ras vol)+(cone.in torus)r(torus ras vol).

C *
gi dryvell gas volume + torns gas voinne

3.0 TECHNICAL BASIS- -

3.1 Fis s ion Product Concentrations in the Primary System Durint Eeactor
Shutdown Under'Nor=al Oeeration conditions

. s
,

3.1.1 Fission Product Concentrations in Reactor Yater
,

It is well known that some volatile and water soluble fission products,
mainly iodine and cesium isotopes, vill. be released (called spiking) fron
defect fuel rods when the reactor is shut dowa and depressurized. Based on
Pasedag of NRC,(4) the nazimum I-131 reisase would be 10 Ci per asch
pCi/sec release rate during normal power operat' ion. According to the GE
design basis of I-131 rele a s e rate at 700 pCi/sec(5) a nazinun of 7000 Ci,

j of I-131 nay be released during reactor shutdown, and the concentration in
reactor water venid be 29 pC1/3

.

An analytical model to predict the magnitude of I-131 spiking following
reactor, shutdown in operating BURS has ' been reported by Brutschy et al
(3). The "b e s t e stimat e" concentration for I-131 has to be calculated
based on the analytical model(3) for the individual reactor according to
its fuel condition. However, if one adopts a standard I-131 concentration
of 5x10-3 pCi/g or -18 pC1/sec) as proposed by ANS(6), the nominal I-131
spiking is e stimated to be 4.7 pC1/g in the reference plant water. his,

concentration is consistent with an average spiki=F concentration observed
expe rim ental 17. (3 ) The results of these e stimations , including the Cs-137
soncentratica, have been summarized in Table 2.

'

Potential future research in this area vil1 be discussed in Section 4.
.

.

.

,- - ,
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3.1.2 Noble Gas Concentrations in Drywell and Torus Gas Phaso

Similar to the spfling magnitude, the noble gas activities in the drywell
and the torus gas may vary significantly from reactor to reactor, mainly
depending on the fuel condition and the steam lenhage' rate. In ou operating
BER when the Ie-133 release rate measured at the steam jet air ejector
(SJAE) was 1.5x10d pCi/s e c * (compared to design basis release rate of 8200
pCi/sec), the noble gas concentrations in the dryvell vers determined to be
~10-4 pC1/cc for Ie-133 and ~4x10-5 pCi/cc for Kr-85. These data may be

considered as upper limit value s. .

at the time of measurement was the worst ever observed at an operating BTR. .

3.2 Fission product Release Source Terms Under Accident Conditions.

ne source terms for the damaged core under accident conditions have been
proposed by several inve stigators. (7.8) The "best e stimat e " releast.
source terms for different chemical groups of fission products are

g

summarized in Table 5..

Th's release of fission products from the damaged core has been estimated to
be a function of temperature,(9) and time after the loss-of-coolant
accident.(7) In the present procedure, the fraction of fission product
release from the core is assumed to be propertional to the fraction of core

,

damage as sugge sted by Xaliaanshas, et.al.(9) It is further assused that'

th e' core is homoeeneous so that each fuel rod has-an identical exposure
history. :ct hasw=elMadding rupture would occur over the temperature range
from about 780' to 1100'C, and the entire fission product noble gas

if inventory in the fuel gap would be released. _ All other fission products in
the fuel gap, which may be present in a condensed phase, or as vapor in'

equilibrium with a condensed phase, vill not be released as quichly as noble
gase s . until the temperature is further increased. Accordin g to a model
c alcula tion, (7 ) portions of the fuel may start to. melt before the cladding
is totally de stroyed.

3.3' Isotonic Distribution in Fuel Gao
i

I
| Diffusion equations predict that the fractional release of radioactive

isotopes from the fuel to the plents and void spaces should be inversely
proportional to the square root of the decay constant for isotope reaching
production-decay e quilibrica. (10,11) This prediction has been substanti- ~

,

l isted by e xpe rim ent al data reported by several investigators.(12-17) A
| comparison of isotopic di s tribut ion s in the total fuel inventory and the

predicted distribution for some major fission products has been shown in
Table 3. Thus, by measuring the ration of fission product activities in
either the gas or water samples, the source of fission product release may .

.

| be. semi quantitatively determined (see more discussion in' Section 4).
.

A ne fission
product release pattern was found to be mostly " recoil."

.

.

.
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3.4 Anticipated Chemical Behavior of Todine and Coolant Chemistrv Under
'

Accident Conditions
.

De results of measurements of nree Mile. Island-2 (TMI-2)(18.19) indicate
that the' airborne radioiodine release was much lower when compared to the'

noble gas activity release (by a factor of -108) . Extensive investigations
at the Oak Ridge National Laboratory (ORNL) on the nature and quantity of '
fiwsion product release f rom th e over-heated fuel have concluded that
cesium iodide CsI (B.P. = 1280* C) is the crimary volatile species released
from the fuel at elevated temperatures.(19) ne behavior of iodine under
loss-of-coolant accident (LOCA) conditions has been evaluated by Lin(21)'
and Campbell et al.(22) _

4

For lodine at a concentration of a few ppa in aqueous solutions, the redox
reactions should be more predictable and formations of anomalous or organic
species should be much smaller than that at very low, concentrations as

,

generally assumed for radiciodine release. If iodine is released as CsI,

it should stay in water as the I- ion in a slightly basic solution
(mainly due to Cs ions which may be released as elenental Cs or Cs oxides
in addition to CsI). Air oxidation (23) or radiation-induced oxidation of

I,(24) is not very likely to occur in a basic solution. In
~

I- to
I addition to the reducing nature of zirconium and iron metals in the. core,

the production' of hydrogen from Zr-steam reactions should make the
chemistry environment in the primary system favorable to reducing reactions
for iodine.

~

Dere are three known volatile forms of iodine, I, HIO, and organic
iodine. The f orm a tio n of I, from I- is not very likely - in basic

'
solutions, ne existence of HIO has never been chemically identified due
to its low stable concentration. Le airborne species called HIO is one
which behaves differently from I and organic iodino deternined by esings
the lodine . species sampling method developed by Keller, et al.(25).

i However, some convincing evidence has been given by Lin (26) that HIO, a ~

f product of I hydrolysis, is the second volatile . inorganic species in the - .
s

j gas phase when I was initially added to water in equilibrium partitioning3
'

studies, ne partition coefficient increases with decreasing iodine
concentration; at very low lodine concentrations, the total iodine
partition coefficients have been determined to be ~S000 at 21*C and -1600 at
72*C.(26) It must b's pointed out that since both I and HIO are veryn

[ reactiv's species, any reducing impuritie s in water or on construction .

[ material surfacs would reduce I or HIO to I and significantly reduce th en

airborne iodine concentration.

.

.

.

.

.
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The mechanisms of converting inorganic iodine to organic iodine, which is
generally observed in ga s7pla s e at very low concentrations. . are largely

* salnown. H owev e r, at least more than a stoichiometric
amount of organic species (or carbon-containing . compounds) shonid- be
readily available for reaction with iodine. As such organic species are
limited, the results of several e xpe rim ent s (27) indicate that the yield
of organic iodine decreases with increasing iodine concentration in the gas
phase. Less than 0.1% conversion is expected when the airborne iodine

larger.(27) The total iodine concentrationconcentration is 1 g/m8 or
could be -3 g/m8 in the containment free air space if all iodine is assumed
to become airborne. It is also important to realize that the organic
iodine,- e.g., CH I is readily hydrolyzed in water (28) and basic
solutions (29i at higher temperatures. The half-time of hydrolysis is -20
min in water at 100'C and ~3 see at 200*C, based on Heppolette and
Robertson's data.(28)'

%us the 'v ery low release of iodine a ctiv itie s to theg
atnesphere in the T!!I-2 accident can be explained in terms of the
nature of iodine released from the fuel and the subsequent stabilization in

~

water. Yater plays an important role in preventing iodine from release to
the atmosphere. In the present procedure, alMthe iodine activities are

3 assumed to stay in water, and the airborne activities are dominated by the
noble gas fission products.

The chemistry in the primary coolant may be significantly changed under
accident conditions. Mainly due to the release of cesium, the water pH nay
increase to -10,5(21) and the water conductivity may increase from -10
pS/cm (torus water quality specificatior.) to as high as -170 pS/ca.

4.0 DISCUSSION AND SUGGESTIONS FOR FUTURE t'OP.I
^

It is eviJemt that the uncertainty of gas release fractions for iodine and
cesium are too large for an accurate Elculation . of the~ extent of core

i damage; Nhile additional experimental work in fuel gap me,e s ur eme nt s is
apparen'tly needed, the lower limit release fraction for lodi9t{ W be re-L

| evaluated by examining the iodine spiking release data from defective fuel
[ rods following normal operation shutdowns.

Although the I-131 spiking data has been well documented pr eviously(3 ) , -

the analytical model may be refined to reflect mere recent e xpe riment al
data. The nazimum spiking release of I-131 e stimated ' by Ps <dag(4),
based on pre-1973 data, is too high, particularly when the,

improved fuels which are currently ssed in most of the operating BTRs are
considered.

*
.

%

.

.
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De accuracy of core damage e stim ation ray be significantly improved by
measuring more than iodine, cesin=, and noble gas activities. Some less

.

volatile but easy to measure isotopes of Sr, Ba, La, and Ru may be d e t e r-
mined in the water sample. More work, however, is needed to establish the
release fractions as well as the baseline (shutdown spiking) concentrations
for those isotopes.

,

As mentioned in Section 3.3, it la pos sible to de te rmine the source of
fission product release by measuring the activity ratios of noble gases or
iodine isotopes. It must be cautioned, however, each isotope should be
accurately measured. Particular care must be excerised when the Ie-133
activity is deternined in a mixture of other fission products with high
concentration because of its low ga.mma ray energy (81 kev). Additional work
is required to perf ect this procedure.

.
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TABLE 1 '

CORE INVENIORT OF MAJOR FISSION PRODUCTS IN A
REFERENCE PLANT OPERATED AT 3651 MWt FOR THREE TEARS

*
:

MAJOR GAMMA RAY ENERGYINVENIDRT**_CEEXICAL GROUP
ISOTOPE * HALF-LIFE (IhTENSITT)108 Cf

_ EeV (v/d)
Noble 8ases Er-85m 4.48h 24.6 151(0.755)Ep-85 10.727 1.1 514(0.0043)Et-87 76, a 47.1 403(0.494)Er-88 2.84h 66.8'

196(0.203),1530(0.109)Ie-133 5.25d 102.Ie-135 9.09h 81(0.371)'

Halogens- .
26.1 250(0.906) ,

(-I-131 8.04d 96. 364(0.824)
i

I-132. 2.29h 140 . !-
668(0.99),773(0.762)I-133 20.8 h 201

*
*

530(0.87)I-134 52.6 a 2211-135 6.59h 189 847(0.954),884(0.653)
1132(0.231),1260(0.293)Alkali Metals Ca-134 2.067 19.6

,

605(0.98),796(0.88)Cs-137 30.177 12.1 662(0.85)
*

Ca-138 32.2 a 178. !
463(0.267) 1436(0.75)Tellurina Group Te-132 78. h 138 228(0.88) '

Noble Metals Mo-99 66.02h 183 740(0.138) |-; Rn-103 39.4 d 155 497(0.9) .

fAlkaline Egrths Sr-91 9.52h 115 750(0.24)Sr-92 2.71h 123
-

1385(0.9)Ba-140 12.8 d 173 537(0.238)
Rare Earths T-92 58.6 d 118

.

La-140 934(0.137) '
.

40.2 h 184
487 (0.453 ) ,1597 (0~.953 )l' Ce-141 32.5 d 161

.

145(0.49) ;
| Ce-144 284.4 d 129 i

, 134(0.108)
Rafractories 2r-95 46. d 161 724(0.435),757(0.543)2r-97 16.8 h 166

; 743(0.933) ,

!

*0nly tho' representative isotcpes which have relatively l
'

considered to be easy to measure are listed here. arge inventory and

**At the time of reactor sistdown.

i
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TABLE 2
. ,

FISSION PE0DUCI CONCEhTLAT. IONS IN REACitR YATER
AND DETTEll, GAS SPAG DURING REACTOR SETIDOWN UNDER NOiU(AL CONDITIONS

l'

I5(rr0PE REACTOR TATER. uCi/r DRYTELL GAS (vCl/ce)
UPPER LINTT NOMINAL UPPER LIMIT N0*JINAL

,

I-131 29 0.7 -

Cs-137 0.3* 0.03** -.
,

10-4* 10-S e e,Ze-133 -

Er-85 4x10-5* 4x10-6es
i

i

Observed experimentally, in an operating BTR-3 with MK I containment,' data*

obtained from GE anpublished document.i

*
** Assuming 10% of the upper limit vaines.
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TABLE 3

RATIOS OF ISOIUPF.S IN CORE INVENIORY AND FUEL GAP
.

ACTIVITT* RATIO IN ACTIVITT RATIO * IN
150TOFE JALF-LIFE CORE INVENTORY FUEL GAP

_

0.233 0.0234Kr-87 76 m -

Kr-88 2. 84h 0.33 0.0495
Er-85m 4.48h 0.122 0.023

') Ze-133 5.25,d 1.0* 1.0*

I-134 52.6 a 2.3 0.155
/ - I-132 2.28h 1.46 0.127

I-13 5 6.5Sh 1.97 0.364
/ I-133 20.8 h 2.09 0.685

- I-131. 8.04d 1.0* 1.0*

.

c- /
n ble i,s.s isotope concentration for noble 8ases.

* Ratio =<

Ie-133 concentration

Iodine isotope. concentration,

-
for iodines '

. I 231 concentration4
. I, ,

b

e r b*

|- \-

*
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PLANT PARAMETERS (REF. 2)

PRIMARY COOIANT* CONTAINMENT CAS*
_

*

10RUS/
RATED REACTOR SUPPRESSION DRYWELL CohIAIEME:.*-

REACTOR TYPE / CON- POWER WATER MASS POOL WATER CAS VOL. GAS VOLIT.E
8 9 9(10 ee) (109 ec)PLANT TAINTMENT DESIGN (MWt) (10 st) (10 e) .

' *

3579 2.46 3.67 7.77 32.5Secndard BWR 6/III -

Brunswick-1/2 BWR 4/I 2436 2.14 2.48 4.65 3.46
Chinshan-1/2 BWR 4/1 1775 1.76 1.93 3.68 2.69
Cofrentes BWR 6/III 2894 2.04 3,14 6.91 32.43
Cooper BWR 4/I 2380 2.00 2.48 3.75 3.03

.

Drcsden-2/3 BWR 3/I 2527 2.61 3.18 4.48 3.30
Darne Arnold BWR 4/I 1593 1.45 1 .67 2.67 2.67
Far:1-2 BWR 4/I 3293 2.77 3.23 4.64 3.71
Fitzpatrick BWR 4/I 2436 2.14 3.00 4.37 3.20-
Hanford-2 BWR 5/II 3323 2.74 3.17 5.75 4.08
Eatch-1 BWR 4/I 2436 2.00 2.47' 4.07 3.20

6 Bhtch-2 BWR 4/I 2436 2.00 2.47 4.12 3.11
Hope Creek-1/2 BWR 4/I 3293 2.93 3.34 4.79 3.78
Kuo sheng-1/2 BWR'6/III 2894 2. 04 3.74 6.74 40.50
L1=erick-1/2 BWR 4/II 3293 2.93 3.63 6.66 4.23

*

Millstone-1 BWR 3/I 2011 2.05 2.78 4.16 3.06
Msnticello BWR 3/I 1670 1.75 1.93 3.80 2.76.

NMP-1 BWR 2 /I 1850 2.17 2.34 5.10 3.33
,

Oyster Creek BWR 2/I 1933 2.05 2.32 5.10 3.58
Peach Botte=-2/3 BWR 4/I 3293 2'67 3.48 4.98 3.62.

| Pilgri= BWR 3/I 1990 2.05 2.38 4.16 3.18
: Susquehana-1/2 BWR 4/II 3293 2.92 3.60 6.79 4.36

VGr=ont Yankee BWR 4/I- 1593 1.77 1.93 3.79 3.18 *

|

" Total Fri=ary. Coolant Mass = Reactor Water + Suppression Pool Water

Total Conta1==ent Gas Volu=e = Dryvell Gas + Torus (or Pri=ary Contai::=ent in MKIII) gas

|
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FIGURE 1. Relatienthip between I-131 Concentration in the Primary Coolant (D.eactor
Water + . Pool Water) and the Extent of Core Dar.aqe in Reference Plant
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EVALUATION OF SEC AND GE ANALYTICAL CHEMICAL PROCEDURES

FOR POSTACCIDENT ANALYSIS OF REACTOR COOLANT SAMPLES

1.0 SUMMARY AND CONCLUSIONS
,

Sumary !

.

As a result of the Three Mile Island Unit 2 incident, the Nuclear
Regulatory Comission (NRC) required licensees of nuclear power plants
to implement, by January 1,1982, the capability to collect and analyze
reactor coolant samples following an accident. A number of licensees

-

.

have pioposed the use of postaccident sampling and analysis systems sup-

plied by Sentry Equipment Corporation (SEC) or General Electric Company
4

(GE).

Under a technical assistance contract to the NRC, Exxon Nuclear
Idaho Company, Inc. (ENICO) evaluated the sample collection and chemical
analysis procedures associated w'ith the two systems. The , objective of
the evaluation was to determine applicable procedures and to identify

' the most appropriate method. The study involved a review of the NRC

requirements, the establishment of - review criteria, and the' evaluation
of the proposed analysis methods and test data against the requirements
and evaluation criteria.

The most appropriate methods selected by ENICO for the required
chemical analysis of postaccident reactor coolant samples are shown be-i

| low. Detailed descriptions, advantages, disadvantages, and/or defi-
i ciencies of the. selected procedures are summarized in section 4.2. Also

in section 4.2 is the same information for other - procedures proposed by
SEC and GE. It is worthy of note that a number of the other procedures
proposed are also appropriate, as indicated; included below are only .

i

those deemed most appropriate.
L
i
* 1. Boron - Fluoroborate Selective Ion Electrode

2. Chloride - Ion Chromatography
3. Dissolved Hydrogen - Gas Chromatography
4. Dissolved Oxygen - Oxygen Probe
S. Conductivity - Conductivity Cell

, 6. pH - pH Probe
!

!
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Although ENICO did not conduct tests to evaluate the suitability of'

any of the procedures; in ENICO's judgement, the laboratory tests per-
formed by SEC and GE are sufficient to provide a high degree of assurance
of the suitability of the selected and the noted alternate- procedures
for analysis of accident reactor coolant samples.

.

.

For suitability testing of additional analytical procedures, ENICO'
reconsnends that standard test matrix samples be utilized to demonstrate
their acceptability. Standard matrix solutions similar to test solutions
employed by SEC are reconinended as they contain the most significant. -

core degradation products in concentrations equal to or greater than
those projected from an accident with a Regulatory Guide 1.3 or 1.4
source term. Test solutions used by SEC consider the effects of chemi-
cals which might be added to the reactor coolant following an accident.

For chemical procedures that are to be used for the analysis of
undiluted reactor coolant samples, the following starfdard . test matrix

.

containing nonradioactive species is recommended.

.

Constituient Concentration (com)
'

I~ 40

Cs* 250

Ba+2 10

La+3 5

i Ce 5

Cl- 10

; B 2000
! Li+ 2

N0f ~ 150 g
\

K*[ *

NH 5
*

20
.

I'

*

|
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For c.k.mical procedures that are to be used for analysis of dilutedo

reactor coolant samples, testing should be performed with a standard
matrix diluted by a volume equal to the dilution to be used in the proce-
dure to be tested. 'It is also recommended that the procedures and as-

.

sociated instrumentation be tested in an induced gamma radiation field
4which will yield a total absorbed dose of 10 rads per gram of reactor -

coolant. t
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2.0 BACKGROUND I
'

I

~ From studies of the incident at Three Mile Island Unit 2 (TMI-2), |

the need for improvement of the capability of licensees of nuclear power
plants to determine plant conditions in a more timely manner was identi-
fied. Subsequently, the NRC issued,1-5 for implementation by the

~

-

licensees, specific requirements in several areas for improvement of the
capability. In addition to the development and implementation of the
upgraded capabilities,. the requirements specified that the licensces

s

should prepare and have available documentation of the capabilities for
~

a post-implementation evaluation of compliance.

Exxon Nuclear Idaho Company, Inc. (ENICO) was contracted by the.

NRC's Division of Licensing to provide technical assistance for the eval-
uation of the post-implementation documentation in a number of areas.
One area was "Postaccident Sampling Capability", Item II.B.3 of NbREG-
0737.6 It pertains to the ability of the licensees to obtain reactor

coolant and containment atmosphere samples and to analyze the samples
for selected radionuclides arid chemical species under accident
conditions.

.

In order to facilitate the evaluation of the post-implementation
7documentation, ENICO was requested to evaluate the applicability of

the chemical and radiological analysis ' capabilities associated with two
8postaccident sampling systems proposed for use by several power plants

(Table 1)~. The two system vendors are Sentry Equipment Corporation (SEC)
and General Electric Company (GE).

9The initial plan called for ENICO to evaluate the SEC system
only and to perform the evaluation in two phases. As it was believed
that current technology was suitable for radiological analysis, the two
phases were to be a brief summary report on the chemical analysis proce-
dures and a more detailed report on both the chemical and radiological
analysis procedures. However, due to manpower shortage at ENICO and an
NRC request to incorporate the GE system into the evaluation, an alter-
nate approach was taken. The alternate approach is to: 1) evaluate and
prepare a detailed report of the chemical procedures for both the SEC

4
.
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I TABLE 1
STATIONS WITH PROPOSED USAGE OF SEC
AND GE POSTACCIDENT SAMPLING SYSTEM

.

GENERAL ELECTRIC SENTRY

_

Brunswick 1/2 Dresden 1/2
'

Nine Mile Point 1 Quad Cities 1/2
Fitzpatrick Zion 1/2

. Oyster Creek Browns Ferry 1/2/3
Pilgrim 1 Salem 1 .

Duane Arnold Kewaunee

Monticello Indian Point 2 i

Peach Bottom 2/3 Surry 1/2

North Anna 1/2 !
Palisades {

and GE system and 2) evaluate and document the radiochemical analysis
procedures associated with both sampling syst. ems later. The detailed
evaluation of the chemcial analysis procedures is the topic of this
report, which is limited 'to the analysis of reactor coolant samples.

'

.
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8- 3.0 REQUIREENTS AND EVALUATION CRITERIA FOR THE~

~ CHEMICAL ANALYSIS.0F REACTOR COOLANT SAMPLES

3.i Requirements .

To provide information for the assessment of ~ core integrity, shut-
,

down neutron adsorber concentration, and reactor coolant-' corrosion poten- *

tial; licensees or applicants for licenses of nuclear power plants are
required to establish a capability for the timely collection and chemical

~

analysis of reactor coolant samples under accident conditions. Per
,

NUREG-0737 the required ' chemical analyses. for reactor coolant samples
,

are baron (PWR only), chloride, and either total dissolved gases or hy-
drogen; the measurement of dissolved oxygen is' recommended in NUREG-0737

10but~ not required. Per Regulatory Guide 1.97 the measurement of dis-
solved oxygen, pH, and baron in all plants is required. NUREG-0737 also

specified that the analysis could be performed by employing a combination
of pressurized /unpressurized, diluted / undiluted grab samples or inline'

monitoring methods. However, for analyses performed by inline methods, .
a capability to collect backup grab samples and to . provide procedtires-

for their analysis is required. In all cases, .the collection of grab

samples for analysis and the inline analysis must be able to be performed
with or without the operation of an auxiliary reactor coolant system,
e.g., letdown.

With the exception of the' chloride analysis, the time allotted 'for
sampling and on site analysis of the samples is three (3) hours or less.
Time allotted for the chloride analysis, which can be performed offsite,
depends on the type of reactor coolant water and the number of barriers.
between the reactor coolant water and the primary containment system.

.

For plants with seawater or brackish reactor ' coolant water or with a
single-barrier, primary coolant containment system, chloride analyses
are required within twenty-four (24) hours. For other plants the chlo-

ride analysis is required within ninety-six (96) hours.
.

In addition, the licensees or applicants are required to consider
the radiological hazards associated with the sample collection and analy-

11 12
ses. The assumptions of a Regulatory Guide 1.3 or 1.4 source,

l3term and radiation exposure limits of five (5) rem to the whole body

6
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' or seventy-five (75) rem to the extremities of any individual are to be
used in system design and selection of chemical analysis methods.

,
.

licensees or applicants are to provide provisions for.Last, the
'

restricting background radiation levels in the chemical analysis facility
,

and for insuring the validity and accuracy of the sample analyses. These
~

provisions include such things as sample shielding, adequate ventilation
air and filtration, proper sample disposal, sample lino purging, reduc-
tion of plate-out in sample lines, etc.

-

The requirements for post accident chemical analysis of reactor
coolant samples are presented in Table 2. -

3.2 Evaluation Criteria
The objective of the present evaluation of potential methods for

the chemical analysis of reactor coolant samples under postulated acci-
dent conditions is to determine applicable procedures and to identify
the most appropriate procedure for each of the required analyses.-

Many factors were considered in the evaluation of the proposed meth-
ods. Obviously, ccmpliance with t'he requirements of sensitivity, accura-
cy, range, analysis time, radiological dose . limitations, and sample col-
lection methods were evaluated. This included comparisions of the

advantages (lower radiological exposures) and disadvantages (reduced

| sensitivity and accuracy) of utilizing diluted or very small reactor
coolant samples versus larger undiluted reactor coolant samples. It

i also involved an estimation of the significance of chemical and radio-
logically-induced interferences. Other factors which were considered
are the cc:nplexity of the procedures and the applicability of the tech-
nique to both accident and normal condition usage.

1
l Due to the unavailability of information in a number of instances,

factors not considered were specific design features of the two sampling
l systems. Examples are sampling locations, shielding, sample line purg-

ing, sample validity, ventilation, etc. _

|
|

I

|
'
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TABLE'2i e

SUMMARY OF REQUIREMENTS FOR POSTACCIDENT CHEMICAL ANALYSIS
OF REACTOR COCLANT SAMPLES

h
I

. Dissolved Gases (l)
Analysis Capability Boron Chloride- Total Hydrogen :
Units. (ppm) (ppm) sec/kg sec/kg

Requirement

| Range 0-1000(3) 0-20 0-2000 0-2000.
0-6000(4)!

Accuracy (6)
.

Percent +5 if >1000 +10 if >0.5 +10 if >50 +10 ff >50'

|, Units TSO if <1000 70.05 if <0.5 75 ff <50 75 if <50
.

( Samplir)g)
t

Methodt
L Inline Optional Optional Optional. Optional

Grab Sample Regiured Required Required Required
I

~

Analysis
Location

Onsite Required Optional (8) Require'd Required-

; Offsite Optional Optional Optional Optional

Sample:
l

,

Collection 3 24(8) 3 3
'

| and Analysis 96

| Time (hours)
!

Radiological (9) (9) -(9) (9)
! Exposure -

Limits

Notes:

1) A pressurized reactor coolant sample is not required if the
- dissolved gases can be determined with an unpressurized

| sample.
|

2) The measurement of conductivity is not required in NUREG-0737
or Reg. Guide 1.97, Revision 2; however, methods to measure
conductivity are proposed by SEC and GE. Accordingly, the
measurement of conductivity has been included in this study.

!
i

i

8
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TABLE 2 (Continued),

SUMMARY OF REQUIREMENTS FOR POSTACCIDENT CHEMICAL ANALYSIS
OF REACTOR COOLANT SAMPLES

Analysis Capability Oxygen pH Conductivity (2)
Units (ppm) (pH units) pS/cm !

-
.

Requirement

Range 0-20 1-13 1-1000(5)

Accuracy (6) _

Percent +10 if >0.5 Not applicable +-20
Units +0.05 if.<0.5 + 0.3 if 5 >pH<9 Not Applicable

-

; 10.5ff5<pH)9
Sampling)Method U

Inline Optional Optional Optional
Grab Sample Required Required Regewed

Analysis
Location ( ,,, j

Onsite Required Required
Offsite Optionai Optional Optional-

Sample
'

Collection 3 3- 3
and Analysis
Time (hours)

Radiological (9) (9) (9)
Exposure
Limits

Notes: (Continued)

3) Boiling Water Reactors

4) Pressurized Water R2 actors
.

5) The required range for measurement of conductivity was taken
from reference 14.

,

9 ..

~
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6) The designation of percent accuracy as 15 if >1000
'

indicates the required accuracy is 1 5 percent if the
required measurement is greater than 1000 units. The

designation of units accuracy as 150 if <1000 indicates,

that the required accuracy is 150 measurement units if the
,

required measurement is less than 1000 units. The required ~

accuracies were taken from reference 7.

7) Analysis may be performed with either grab sampling or inline
,

monitoring methods. However, for inline analysis methods
the capability to collect and analyze backup grab samples is

. required. The capability to collect and analyze at least '

one sample per day for seven (7) days following the onset of
the accident and at least one sample per week until the ac-
cident no longer exists is also required.

8) For nuclear power plants which utilize seawater or brackish
water as a source of reactor coolant water or which have a
single-barrier, reactor coolant containment system, the
chloride analysis must be performed within 24 hours; for
other nuclear power plants, the required chloride analysis
time is 96 hours. The chloride analysis may be performed
offsite.

9) The radiation exposures to any individual involved in the
collection and analysis of reactor coolant samples under
accident conditions may not exceed 5 rem to the whole body
or 75 rem to the extremities.

.

e

10
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The evaluation critieria used in the study were:

1. Analysis Time - As the time required for sample collection was
not specified by SEC or GE, it .was assumed sample collection
could be performed .within one hour. Accordingly, an upper limit '

-

of two hours was allotted for sample analysis; chemical analysis
~

procedures which required two hours or less for analysis were
satisfactory.

,

2. Sensitivity, Range, Accuracy - Chemical procedures which encom- -

passed the entire measurement range with the required accuracy
*

were considered adequate. To cover the full range of measure-
ment as required, sample dilution methods were considered

satisfactory.;

J

3. Radiological Exposure Limits, Sample Size - Radiological expo--
sure to any . individual is limited to 5 rem to the whole body
and 75 rem to the extremities during the collection and analysis
of reactor coolant samples. Under the assumption of Regulatory
Guides 1.3 or 1.4 releases of fission products to the reactor

14
^~~~~

coolant, calculated dose rates from reactor coolant samples
are nominally 140 R/h/g at 10 cm with a one hour decay. Main-

' tenance of radiological exposures within ~ acceptable limits re-
quires the usage of safety factors such as: shielding,_ distance,
exposure time, sample dilution, very -small undiluted sample,
and/or inline monitoring.

The chemical analysis procedures, including dissolved garas,
proposed by GE and SEC make use of inline monitoring, very small
undiluted samples, and remote dilutions of the initial reactor
coolant sample. The diluted reactor coolant samples are used
for subsequent " hands-on" analysis. With the exception of the

_

subsequent hands-on analysis, this study did not evaluate the
radioTogical hazards associated with the above methods. It was

!' assumed that adequate shielding and/or remote operation would
minimize radiological exposures to personnel. In regard to the

subsequent analysis of diluted reactor coolant samples; only
estimates of radiological exposures could be made as they are,

11
-
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not only a function of the amount of reactor coolant in the

sample, but also depend on the techniques of the analyst and
the design of the analytical facility.

.

The method which was established to lessen exposure is to limit -

the amount of reactor coolant in the sample taken for analysis
to 0.1 ml. The basis for this criterion is the knowledge that
doses to the extremities will be the limiting factor for bands
on chemical procedures. For example, calculated exposures to
the extremities, using the' abcve value of 140 R/h/g of reactor -

coolant at 10 cm, will exceed the 75 rem limit by a factor of
almost two for a two hour exposure to a 1. mi sample. It would
require approximately five hours of continuous exposure to ex-
ceed the dose limits for a 0.1 ml sample. It is realized that

the limitation to a 0.1 ml reactor coolant sample size is con-
servative as exposure time will, in reality, be less than two
hours and techniques to reduce the exposures will probably be
employed. However, to allow a sufficient margin of safety, a
0.1 ml reactor. coolant sample was considered an acceptable size.
sample in this study. In a final evaluation of acceptable sam-
ple sizes, larger samples may be permissible, but all factors
must be considered.

4. Complexity, Routine / Accident Usage - Two other criteria which
were used are the complexity of performance of the procedures

| and the applicability of the procedures to both routine and

accident condition usage. The procedures were assigned low,
medium, or high levels of complexity based primarily on the
number and nature of manipulations involved in the procedure.
Procedures with applicability to both routine and accident con-

ditions were considered more satisfactory than procedures ap-
plicable to accident conditions as the use of nonroutine proce-
dures can create confusion and cause errors under accident
conditions.

5. Chemical and Radiologically-Induced Interferences - The release |

of large quanities of both radioactive and nonradioactive fis- '

sion products will result in high radiation fields and chemical-
1

12
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' ly significant levels of various ionic species in the reactor
coolant. Both the radiation and ionic species can interfere

with the accuracy of chemical procedures used to analyze reactor
coolant samples. In the selection of an appropriate chemical
analysis' method, these matrix effects should be considered. In

,

this study a chemical procedure was considered unsatisfactory '

, . if the interferences cause the accuracy of the procedure to
exceed the required limits. The evaluation included a review
of available test data and professional judgements based on
past experiences of personnel involved in the review.

.
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4.0 EVALUATION OF C}iEMICAL PROCUDURES FOR ANALYSIS

OF POSTACCIDENT REACTOR COOLANT SAMPLES

- In the evaluation of the applicability of chemical procedures for
analysis of postaccident reactor coolant samples, ENICO studied the chem-

.

istry of the procedures, compared their capabilities with NUREG-0737
requirements and the established evaluation criteria, and ranked the
procedures in order of appropriateness. Some of the procedures are simi-
lar to ones used at the Idaho National Engineering Laboratory (INEL);
this experience added to the data base.

-

Presented below in Section 4.1 is a summary of the sample collection
and chemical analysis procedures proposed by SEC and GE and a general
outline of the testing program conducted by SEC and GE. This is followed
by a presentation of ENICO's evaluation of -the procedures. Included are
brief descriptions of the procedure methodology and the advantages and/or
disadvantages of each procedure. Last, the overall evaluation of the

individual procedures are summarized for a given type analysis.

4.1 SEC and GE Samole Collection, Recommended Analysis Methodolooy and

Chemical Procedure Evaluation Procram

Methods for analysis of postaccident reactor coolant samples pro-
15 16-19posed by SEC and GE include inline monitoring and laboratory

analysis of grab samples. For inline monitoring, sample streams are

diverted either continuously or intermittently through inline senscrs.
For laboratory analysis, the reactor coolant grab samples are diluted
inline before transfer to the laboratory or directly to an analytical

instrument. Either diluted liquid or dissolved gas grab samples can be
obtained. To obtain liquid samples, 1:100 dilutions of 0.1 mi reactor

coolant samples are typically performed; larger initial dilutions or

secondary dilutions of the initial dilution can also be performed. To

obtain a dissolved gas grab sample; thirty (30) to seventy (70) milli-
liters of pressurized reactor coolant are isolated, the sample is depres-
surized, and the dissolved gases are purged into a gas holding chanber4

with an inert gas. One milliliter or larger aliquots of the diluted

sample are analyzed following dilution with the inert gas to a known.
pressure.

14
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* The chemical ' procedures associated with the proposed methods are
either conventional or. modifications of conventional chemical analysis
procedures. A summary of the methodology, including chemical analysis
procedures, recomended by SEC and suggested by GE is presented in Table
3. Not included in Table 3 are other meth'ods detailed by SEC and GE; .'

'

this information is included in section 4.2. ~

. TABLE 3
SEC AND GE REACTOR COOLANT ANALYSIS ETH000 LOGY

'

SYSTEM SAMPLE ANALYSIS

ANALYSIS VENDOR TYPE METHOD .

Boron SEC Grab Fluoroborate
GE Electrode

Grab Spectrophotometric

(carminic acid)

Chloride SEC Inline, grab Ion Chromotography
GE Turbidimetric

.

Dissolved SEC Inline, grab Gas Chromotography

Hydrogen GE Grab Gas Chromotography

Dissolved SEC Inline YSI 0xygen Analyzer
Oxygen GE Grab Gas Chromotography

pH SEC Inline pH probe
'

GE Grab pH paper

Conductivity SEC Inline Conductivity Cell
GE Inline Conductivity Cell3

.

i

15
...
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Chemical procedures recommended by SEC are the result of a develop-

ment and testing program conducted by Nuclear Utility Services (NUS) for4

SEC. In the study the recomended methods and several other chemical
analysis methodi; were evaluated in the laboratory to identify chemical
interferences due to sample matrices, to determine operational charac-

.

teristics of instrumentation, and to measure the sensitivities, ranges,
and accuracies of methods. Employed in the : study were simulated post- '

accident reactor coolant test samples. They contained, in addition to
the chemical species of interest, high-yield, stable' fiss' ion products
and appropriate concentrations of chemica additives anticipated to be

'

,
~

present in the reactor coolant following an accident. The study did not>

include actual measurements of possible effects of high radiation fields
on the procedures; however, it did include the results of a survey of
personnel with prior experience in the analysis of samples with high
radiation fields and a literature review of effects of high irradiation
on different materials.

i

Chemical procedures suggested by~ CE, except those coincidental to
the ,SEC tested methods, are not the resu'lt of detailed laboratory test-
ing. The only testing of the procedures is related to the effects 'of

| high irradiation of the samples. The suggested procedures were selected -

primarily on the basis of simplicity, stability and availability of re-
agents, minimum radiation exposure, and likelihood .of causing contamina-i

tion problems.18

4.2 Chemical Procedure Descriotions, Advantages / Disadvantages and
! Evaluation Sumaries

In the selection, recommendation, and/or suggestion of chemical
; procedures for analysis of postaccident reactor coolant, SEC and .GE con-
I sidered a total of twenty-seven (27) procedures. The chemical procedures

considered by the two vendors are shown in Table 4; also noted in the
'

table are known procedures in use at the INEL. As many of the procedurcs ..

are similar or identical, they have been grouped together, as appropri-
ate, in ENICO's evaluation of the procedures. Presented in order below
are the evaluations of the baron, chloride,. hydrogen, oxygen pH and con-
ductivity measurement procedures.

|

|- 16
' -

- - . . - _ - - - - -



._ . -- . . .. . .- . : - ^ ...: . - . ...~ _.:_.. ..

: . c .: = =1 m .. - -
. ,

- .
-.

: TABLE 4'

CHEMICAL ANALYSIS PROCEDURES CONSIDERED BY SEC AND GE

CHEMICAL
ANALYSIS VENDOR PROCEDURE
Baron SEC Fluorocorate selective ion electrode *

,

SEC Curcumin Spectrophotometric
SEC Plasma Spectroscopy '

'

SEC Baronmetry* ',
SEC Digi Chem Analyzer Mannitol Titration
SEC, GE Canninic acid Spectrophotometric
SEC Ion chromotography*

~

SEC Manual Mannitol Titration * -

GE Conductivity of Boron Solutions
,

.

*~
Chloride SEC Ion Chrcmatography*

SEC Selective Ion Electrode.
SEC Mecuric Nitrate Titration
SEC, GE Thiocyanate Spectrophotometric
GE Silver Chloride Colarmetric
GE Conductivity of Chloride Solutions -

Hydrogen GE, SEC Gas C,hromatography
*

Oxygen GE Gas Chromatography
SEC YSI 0xygen Probe

,

#! GE pH Paper
GE Conductivity
SEC pH Probe *

' Conduct'ivity SEC, GE Conductivity Cell *

.

*' Indicates a
Plant (ICPP) procedure that is in use at the Idaho Chemical Processingor the Less of Fluid Test Facility (LOFT) at the INEL/ -

,

4.2.1 Baron Analysis Procedures .

4.2.1.1 Fluoroborate Selective Ion -Electrode (FSIE). In ,-

the FSIE chemical analysis procedure, the boron content of 'a sample is

j determined by the measurement of the concentration of the tetrafluorobo- "

i rate ion. In addition to the sensing electrode, which contains a mem- -

brane with a selective tetrafluoroborate ion exchanger, a single junction
reference electrode (KCe/ saturated Agce) and a conventional millivolt
meter with a relative millivolt mode are required.

,

.

17 .
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The procedure requires precise laboratory techni-
ques; care must be exercised to add the reagents to the standards or
samples in sequence and to perform measurements at prescribed times. In
the analysis procedure a standard and a sample are analyzed simultaneous-

,

ly. Initially,1.0.m1 of saturated sodium fluoride is added to 5.0 ml
,

of the standard, and then 0.5 ml 10 N sulfuric acid is added (the sodium
fluoride and sulfuric acid converts boric acid to the tetrafluoroborate.

-[ ion). With the addition of the acid to the stardard, a timer is started;
five minutes later the same reagents are added to 5.0 ml of a previously
diluted sample. At eight minutes the electrodes are inserted 'into the

,

standard ' solution which is being stirred; at ten minutes the millivolt
Iresponse is adjusted to correspond to a specific value on a pre-

established calibration curve.

'

The millivolt response for the sample is recorded
at fifteen minutes and related to the ppn baron from the calibration
Curve.

To minimjze radiological hazards 1.0 ml samples and
standards can be analyzed by the above procedure with the use of cor-
respondingly less sodium fluoride and sulfuric acid. In addition, the

analysis can be performed by using only 0.3 ml of. the original 5.0 ml
or 1.0 ml of sample taken for analysis. The analysis using 0.3 ml is
performed statically in microdishes.

1

{

There are two types of calibration curves. One for
~

the.5.0 ml and/or 1.0 m1 samples analyzed by immersion of the electrodes
I into a stirring ~ solution, and one for the 0.3 mi samples analyzed by im-

mersion of the electrodes in the microdishes. The calibration curves
are established using the same techniques employed for the samples; the
calibration curves are valid only for the pair of electrodes used to

| establish them. Calibration curves are estimated to be valid for six -

months; however, frequent use of the electrodes shortens their life.

Accordingly, routine checks of the calibration curves are recommended to
maintain their currentness. Approximately a total of one hour is re-

quired, to generate new calibration curves for both large and small
samples.

18
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Numerous laboratory tests were carried out with

simulated postaccident matrix samples to identify chemical interferences
to the FSIE procedure. No sample matrix effects were observed when the
procedure described above was followed.

.

The advantages of the procedure . are its wide mea-
surement range and accuracy, the small sample sizes required,the lack of
chemical interferences, its adaptability to routine and accident condi-
tion usage, and the short analysis time required.

.

.

The main disadvantage of the procedure is its rela-
tive complexity, which will necessitate well-trained analysts and fre-
quent usage of, the procedure by the analysts in order to retain their -

familiarity with it. Another limitation of the procedure, under the

assumption of a minimum initial sample dilution of 1:100, is the inabili- ,

ty of the procedure to measure baron levels in highly radioactive reactor
coolant below fifty ppm. However, in ENICO's opiriian, -this is not a. [ |t
serious limitation as under accident conditions the. concentration of "

baron in the reactor coolant should be mu,ch higher than fifty ppm; and,I 'f,I
if it isn't, confirmation that baron levels are fifty ppn or above isl

sufficient information to determine the need for subsequent ~ corrective <
,

' "actions. ( y ,,, ,

s

The FSIE analysis procedure has not been tested e

with high radiation field samples; however, ENICO does not believe ir- /
radiation associated with highly radioactive samples will significantly '

alter the applicability of the method.
,

,~
4.2.1 C Cyr umin Soectrochotometric. The curcumin spe'ctro-

photmetric boro. . wl , 7ethod is based ' on the measurement of a red-<

'

colored product, rosocythine, formed by the reaction ~ of boron and
curcumin. To perform the measurement the 1.0 ml diluted sample and
standards, _ which are analyzed concurrently with the samples, are mixed '

with 4.0 ml of curcumin; evaporated to dryness; dissolved in 95 percent
isopropyl alcohol to a total volume of 20 ml; and transferred to a 1.0

.cm spectrophotometer cell. In the spectrophotometer, a Bausch and Lomb,
Spectronic.20 or equivalent, the percent transmittance of the sample and,

'
19
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* standard are measured . at 540 nm. . A calibration chart is prepared from;

the standards, and'the concentration of the boron in the sample is deter-
mined from the calibration chart.
,

The curcumin spectrophotometric procedure was labo-

[ ratory tested by SEC/NUS. In addition to sample matrix effect studies

h/;y using suples containing selected nonradioactive fission products and
''

chemicals anticipated to be present after an accident, ex periments -. were,

C E I performed to ' optimize the precision, accuracy, and required analysis
,

tirre.
.

F

The advantages of the procedure are its wide mea- -

surement range, its accuracy, the small sample size required, the lack
of chemical. interferences, its utility under accident and routine condi-

tions, and its relative simplicity. The disadvantages of the procedure
are the long analysis times required and the necessity to generate cali-
bration curves at the same time sample analyses are' performed. The later
is considered a disadvantage as a significant amount' of time could be
wasted if a satisfactory calibration can not be obtained the first time.

Another limitation of the procedure is the inability to measure levels

of boron levels in reactor water below twentiv Dom. However, as noted 2--, ~

above, ENIC0 does not consider this a major limitation as required cor- ; y .- g
,

rective action can be made based on the knowledge of baron concentrations ,t a ,

of twenty ppm'or more.

The effects of high radiation fields on the proce-

Idure have not been determined. In ENICO's judgement, the accuracy or
sensitivity of the procedure would not .be compromised; but this needs to
be confirmed,before the procedure is used.

4.2.1.3 Plasma Spectroscooy. The analysis of baron by

plasma spectroscopy is achieved by vaporization of the sample in a plasma -

jet and analysis of the atomic emission spectra which is generated. The

baron resonance wavelength of either 249.7 or 249.8 nm is used. Readout,

of the unknown is ccmpared to standards. Five milliters of a diluted

reactor coolant sample is required. One milliliter of the sample and

associate.d radioactivity is completely vaporized and released; the other

20
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four milliliters are collected in a waste container as condensed spray
droplets. The required analy' sis time is fifteen to thirty minutes.

No specific laboratory testing details were_ pro-
vided; however, it was indicated that limited tests were performed on .

simulated reactor matrix solutions with satisfactory reproducibility and
accuracy. The measurement range associated with the procedure also was y

not provided; however, a lower detection limit of less than 1 ppn boron ,_ ,__ c-

1.s reported. With this sensitivity and appropriate sample dilution, it .

appears the measurement range would be sufficient to cover the measure- > .

ment range required.
.-

The advantages of the procedure are its apparent
simplicity, time required for analysis, and small sample sizes.

The disadvantages of the. procedure are the lack of
sufficient laboratory testing and the radioactivity releases associated.
with it. It is assumed that appropriate design modifications could be
incorporated to circumvent this latter deficiency;, but the design . must
include features to collect all the radioactive releases, not merely to
contain them in a fumehood, as is done with the existing design. High

radiation fields will not affect the applicability of the procedure.

.

4.2.1.4 Boronometry. The analysis of baron by boronometry'

is based on the attenuation of a collimated neutron beam by a solution
of boron between the source of neutrons and the detector. The neutron
count rate from the detector tube is converted directly to boron concen-

tration on the readout electrometer or pulse counter. Californium-252
- or plutonium-beryllium are typically ased as sources of neutrons. Boron

trifluoride (BF ) tubes or. fission chambers are two types of detectors.3
Although BF tubes have been reported to operate satisfactorily in

~

3
gamma-ray fields up to 100 R/hr, later baronmeters use fission chambers -

as they are virtually insensitive to gamma-ray fields.

,

e
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Boronometers typically employ relatively large
volume samples,1-2 liters or more. Accordingly, massive shielding of '
the sample station and separation cf the- sample station and readout in-

~

strumenation is required for accident condition usage. As the detectors
are sensitive to other sources of neutrons, -location of the detectors .

within the plant should be considered, and the detectors should be lo-
cated away from these sources.

The sensitivity of boranometers is on the order of

1 ppn baron with a useful range of 5000 ppm or more. -

Calibration of boronometers can Le performed stati-
cally or by. flowing standards with a variety of boron concentrations
past the detector.

,

Although no laboratory testing was performed on the
effects of sample matrices, no chemical interferences are anticipated.

The advantages of boron analysis by boronor;:etry. are
the continuous readout of the baron concentration, the wide . measurement
range with or without sample dilutions, the applicability of the method
to routine and accident use, and existence of proven boronometers.-

i The disadvantage of the method is the use of large
volume samples, which could create maintenance problems should 'a failure
occur during an accident. However, the impact' of such an occurrence

,

i- could be minimized as a backup baron analysis capability using grab
samples is required for inline monitoring methods.,

-
.

As noted above, high radiation fields will not

~ ffect the performance of boron analy:i s performed by baronometry.
'

a

-
.

4.2.1.5 Digichem Analyzer of Manual Mannitol Titrations.

The procedure for baron analysis using either the Digichem Analyzer or
manual titrimetry methods is, in principle, the same. Mannitol is added
to the sample to form a boron mannitol complex; hydrochloric acid is -

added to initially ' adjust the pH of the solution to 4.4; and the sample
:

22j
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is titrated to the end point (pH 8.5) with sodium hydroxide. The baron
content of the sample is derived from the volume of sodium hydroxide
titrant used and comparision to standards data..

The difference in the two procedures is obvious;
one employs hands-on techniques and the other employs remote analysis.

.

The remote analysis is performed automatically with the Digichem Ana-
lyzer. It makes use of a microprocessor for sample and reagent dispens-
ing, solution mixing, and concentration measurements. The analyzer auto-
matically calculates the baron content and outputs it on a computer- .

compatible tape. Analysis by the analyzer can be performed continuously,
semicontinuously, or in the batch mode. Separation of the sensing ele-
ment and the readout device is required to eliminate radiation effec.ts
on the system electronics; the sensor and electronics can be separated
by at least twenty-five feet without degradation of the signal.The analy-
sis times are seven minutes with the automatic analyzer and twenty
minutes for the hands-on methods.

A total of two hundred micrograms of baron is re- .

quired for analysis with either the automatic or manual procedure. Ac-
cordingly, the required sample sizes depend on the concentration in the
sample. For example, under the assumation that 0.1 ml of reactor coolant
is an upper limit for the' reactor coc,lant sample size, the initial con-
centration of boron in the reactor coolant would have to be two thousand
ppm or greater to provide sufficient boron for analysis. The two thou-
sand ppn represents the lower limit of detection for 0.1 mi samples and,
as a result, precludes the usage of the hands-on mannitol titration pro-
cedure usage on accident condition samples. However, it does not pre-,

clude the use of the Digichem Analyzer for accident conditions as larger
samples can be collected and analyzed remotely.

In fact, the DigiChem Analyzer has been laboratory -

tested on standards, with and without the presence of potential inter-
ferences; accurate, precise, interference free results were obtained.

,

The measurement range of the procedure for a 4.0 mi sample is 50-6000
ppn baron, which could be extended downward by the use of larger samples.

.

23
- -



._. . . . . - - - . . . - ~ . -. -
,

. = - . . = - ..

*

-.= u ax:v:,,= w h:au .',-

*
.

*

The advantage of the automatic mannitol titration

procedure is its relative simplicity, remote operational characteristics,
utility under routine and accident conditions, and wide measurement
range.

.

The only apparent disadvantage of the procedure is
the potential maintenance difficulty which might occur during replacement
of sensing elements under accident conditions or rapid repair of the
microprocessor. However, as backup capabilities to analyze baron samples
are required for inline sample methods, the Digichem analyzer should .,

meet all measurement requirements.
,

The effects of high radiation fields have not been
tested. ENICO feels that the effects probably will not be significant;
however, this should be confirmed.

,

4.2.1.6 Ion Chromatograchy (IC). An ion chromatograph oper-
ates on the principle of sel'ective retention and elution of ionic. species*

on and from ion exchange media. It basically consists of a separator

column and eluent, a suppressor column, a conductimetric detector, and a
readout oevice. To perform an analysis for anions, such as borates or

chloric'es, the sample is first passed through the separator column - an
, anion exchange medium which retains the anions and replaces them with

another anion from the exchange medium. The retained anions are then
selectively removed from the separator column with the eluent, normally
a dilute salt solution, and passed through the suppressor column. In the
suppressor column - a cation exchange medium - the anions are converted
to their acid forms which pass unretarded to the conductimetric detector.

The conductivity of these dilute acid solutions is a function of the

anion concentrations in the sample.
.

.

The time between sample injection and the appearance -

of conductivity peak for a particular anion depends on the sample size,
the physical size of the columns, the types of exchange media, snd the
types, concentrations, and flow rate of the eluent. As a result differ-

ent anions in a single sample can be separated and analyzed by prepcr -
selection of parameters.

24
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In the developnent of an ion chromatographic proce-
dure for the analysis of boron and/or chloride; SEC/NUS studied various
combinations of eluents, separator columns, suppressor columns, and sam-
pie injection loop sizes. Initial testing resulted in a method which
used a sodium tetraborate eluent and was applicable for chloride analysis

,

i of postaccident reactor coolant samples (cf Section 4.2.2.1). However,

the analysis of boric acid solutions with the procedure showed inconsis-
tent results.

.

Additional developnent and testing by Dionex, the
manufacturer of the ion .hromatograph used, resulted in a procedure for

,

the simultaneous analysis of baron and chloride using a single sample.

In the test program a modified Dionex Model 10 Ion
Chromatograph was used. The modifications included two 4 x 250 mm separa-

tor columns, a 3 x 250 mm suppressor column, a twenty cm (0.043 ml) sam-
ple injection loop, and a sodium carbonate / sodium hydroxide / mannitol
eluent. An additonal requirement identified was the need of a cation
pre-column to remove excess base and convert borates to boric acid prior
to loading highly basic samples into the injection loop. With a twenty-
five percent pump stroke, the necessary times for the baron and chloride
peaks to appear following injection to the sampling loop are respective-
ly 5-6 and 9-10 minutes.

To consistently obtain satisfactory results, peri-
odic washing and/or regeneration of the suppressor and pre-columns is
necessary. The pre-column requires regeneration after the analysis of
every two to three samples containing 0.4 M sodium hydroxide. The re-
quired frequency for washing and regeneration of the supressor columns

L was not stated. However, based on the frequency noted in the inital
chloride analysis development work, estimated frequency for regeneration
is every four hours of continuous operation. The need for this is indi- .

cated by an erratic baseline on the readout device. The required fre-

quency for washing the suppressor is once daily or prior to each
regeneration.

|
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If coiumn washing and regeneration are not required,
the analysis time is forcy minutes. If column washing and regeneration
are required prior to analysis, the sample analysis time is approximately-
two hours. Neither case includes system calibration time, which is
fifteen minutes.

,

,

The IC procedure for simultaneous chloride and baron
analysis has been laboratory tested using simulated postaccident reactor
coolant samples, stable fission products, caustic, cooling water impuri-
ties, and normal reactor coolant chemical additives. No sample matrix

_

effects were observed within the specified measurement range.

The advantages of the procedure are its adaptability
to remote operation, the large chloride measurement range, the simplicity
of operation, small sample sizes, potentially short sample analysis time,
and the lack of chemical interferences.

The disadvantages of the procedure are the lack of
a sufficient measurement range for baron, the need of a pre-column for'

,

basic samples, and- the need for column washes and regeneration which
might lead to long analysis times. '

The effects of large irradiations associated with

| highly radioactive samples have not been evaluated. However, based on a

| l.iterature study of radiation effects on the components of the IC and on
j limited laboratory tests used to determine the effects of 0-200 ppm hy-

drogen peroxide in samples, no radiological effects are anticipated.
The literature showed that cation resins begin to degrade at approxi-

8
mately 10. rads and that the electronic components are resistant to

5exposure well 'above 10 rads. Both levels are well above those

| anticipated to be encountered by the IC during analysis of samples.
. .

4.2.1.7 Carminic Acid Scectrochotometry. Two procedures

were presented for boron analysis with carminic acid, one by SEC and one
by GE. The one presented by GE was detailed; it was developed by HACH
Chemical Company and closely follows an ASTM procedure.21 The.20

.
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procedure presented by SEC.was only an outline. Since both methods were
similar and the HACH procedure had a slightly larger measurement range,
only the HACH procedure is discussed.

The HACH procedure is very simple. First the -

carminic acid in preweighed tablet form is added to 75 ml of sulfuric

acid and mixed; then, 35 ml of the prepared solution is added to 2.0 ml

of the sample, blank, and/or standard. After the development of the

color, 20-30 minutes, 25 ml of the solution (s) is transferred to spectro-
photometric cells and the percent transmittance is measured at 605 nm -

with a Bausch and Lomb Spectronic 20 spectrophotmeter, or equivalent.
The measurement range is 0-15 ppm baron without sample dilution and 0 -
several thousand ppm boren with sample dilution. Tne total analysis

time is approximately 40 minutes.

The procedure has not been tested for postaccident
reactor coolant sample chemical matrix effects; it has been tested for'
effects of high sample radiation fields. At the maximum anticipated

3
source term, 8 x 10 rad /h for a 0.1 ml reactor coolant sample diluted

to 25.0 *ml the effects of irradiation 'should be equivalent to no more
than 5 ppn baron. This would result in negligible error when compared
to levels of baron in postaccident samples.

The advantages of the procedure are the small sample
sizes required, the wide measurement range, the adaptability to routine
and accident conditions, and the simplicity.

The disadvantage is lack of laboratory testing with
postaccident chemical matrix samples.

.

4.2.1.8 Conductivity of Boron Solutions. A GE specification
requires the Standby Liquid Control System (SLCS) at BWR's to be filled -

with a solution of-borax and boric acid at a ratio of 1.028. GE proposed

that, in the event the SLCS were actuated, the baron concentration in

the reactor coolant could be estimated from conductivity. GE tested the

.
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hypothesis with a 1.028 borax to boric acid solution by varying the boron
concentration between 5.4 and 201 ppm boron. The calibration curve was
linear between 10.8 and 201 ppn boron.

'

This suggests that, with sample dilution, the boron -

concentration of reactor coolant can be determined by conductimetric
measurements. However, ENICO believes that under accident condition

there are too many other variables which could affect the conductivity
of the reactor coolant and cause erroneous measurement. Accordingly,
the approach is not considered to be applicable for measurement of boron -

concentration in react.or coolant.

4.2.1.9 Sumary and Conclusions for Baron Analysis
Procedures. The results of ~ ENICO's evaluation of

potertial chemical analysis procedures and methods for postaccident reac-
tor coolant sample baron analysis are summarized in Table 5. Included
are the measurement ranges, sensitivities, accuracies, analysis times,
sample . sizes, and analysis methods. Also noted are the complexity of
the procedures and the existence, based on actual testing and/or profes-
sional judgements, of known or anticipated chemical or radiological in-

'

terferences. Finally, the applicability of the procedure to routine and
accident condition use is indicated.

As all but one of the procedures met or exceeded

p the criteria for required sample size, radiological exposures, measure-
'

ment range and accuracy, and analysis times; the selection and ranking
of the procedures in order of applicability were based to a degree on
the complexity of the procedure and the laboratory testing which had

.been performed. If two procedures had similar complexities or amounts

of laboratory testing; other factors, like time of analysis., were con-

sidered. Inline analysis procedures were ranked lower than grab sampling
procedures with similar qualifications as the capability to analyze -

backup grab samples is required for inline methods. Last, anticipated

maintenance problems or potential contamination were considered.

28
.

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



_______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.._. _n . - - _ . = - . _- .:.a. u . a.a c . wn . .a.. :

.

.

TABLE 5
*-

FEATURES OF PROPOSED ANALYTICAL PROCEDURES FOR BORON

Method Fluoroborate Curcumin Plasma
Feature Electrode Spectophotometric Spectroscopy

.

RANGE (ppm)
Direct Analysis 0.5 - 6.0 0.2 - 2.0 0-<1.0

,

With 1:100 Oilution 50-600 20-200 0-<100
With 1:1000 Oilution 500-6000 200-2000 0-<1000
With Other Dilutions 50-6000 20-6000 0-6000
>1:100 (2) _

Accuracy (%) +30 if B = 50 +13 +20(3)
(B in ppm) +10 if B > 300

Sample and/or
Analysis Method?
Inline No No No
Grab Yes Yes Yes

Analytical Backup
Required? No No No
Sample Collection Method -- -- --

Sample Analysis Method -- -- --.

Sample Size (ml) -

Oiluted Anal 1.0-5.0 1.0 0.25Actual RCl )ysis Sample4 0.01-0.05 0.01 <0.006

Analysis Time (min) 20 120 30

Procedure Complexity Medium Medium Low

Chemical Interferences? No No Unknown
Tested Yes Yes Limited -

Anticipated No-- --

Radiological Effects? Unknown Unknown Unknown
'

Tested No Ne No
Anticipated No No No

~

Application
Routine Yes Yes Yes .

Accident Yes Yes Yes

29
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TABLE 5 (Continued)--

FEATURES OF PROPOSED ANALYTICAL PROCEDURES FOR BORON
<

~

Mannitol
Titrimetry

Method Ct minic Acid -(Manual or Digi- Ion ~

Feature Spectrophotometric Chem. Analyzer) Baronometer Chromatography
.

RANGE (ppm)
'

0-10.0 50-6000 0-5000(1) 500-6000Direct Analysis
With 1:100 Oilution 10-100 Not appropriate 0-500,000 Not appropriate

-With 1:1000 Oilution 100-1000 _due to lack 0-5,000,000 due to lack of -

- With Other Dilutions 0-6000 of sensitivity 0-6000 sensitivity
*

>1:100 (2) -

Accuracy (%) 115(3) 15 18 +8
'

8 in ppm)
(Sample and/or
Analysis Method?

Inline No Yes Yes Yes
Grab Yes No No No

.

Analytical Backup Yes, For
Required? No Yes, For Inline Inline No

Sample Collection Method.' Available. Available-- --

Sample Analysis Method Not Specified Not Specified ----

. Sample ' Size (ml) 2.0 4.'3(5) 1000-2000 0.04
Diluted Ana]ysis Sample 0.02 1-2 10-20 0.04(5)

Actual RC W

Analysis Time (min) 40(6) 5-30 continuous 40-120(7)
'

,

| .orocedure Complexity Low Low Medium--

L

L Ch mical Interferences? Unknown No Unknown No
Tested No Yes No Yes
Anticipated No No-- --

Radiological Effects? No Unknown No Unknown
Tested Yes No yes Not

| Anticipated No No-- --

'

Application Yes Yes(8) Yes No(9)
Routine Yes Yes Yes No

,

Accident
!

I

Notes:

| 1) The range of measurements using neutron adsorption is based
on boron densitometers' used at the Idaho National Engineering

,
'

Laboratory.
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2) With dilutions' greater- than 1:100 the upper limit of the
measurement range can be extended to ten-of-thousands of
ppm. However an upper limit of 6000 ppm is noted as measure-
ments above 6000 ppm are not required.

3) In the procedure presented the uncertainty of the method was
not included; based on professional judgement the uncertainty -

has been estimated at +20 percent.
_

4) The actual volume of reactor coolant used in the analysis
was determined from a 100-fold dilution of 0.1 ml of reactor
coolant and the volume of diluted sample required for the
analysis. -

5) Due to a lack of' sensitivity for boron, typical sample dilu- -

tion of 1:100 of 0.1 ml reactor coolant samples is not appro-
. priate. Consequently, boron analysis of grab samples can not

be made with the procedure. However, the procedure has suf-
ficient sensitivity to analyze chloride in diluted grab sam-
ples (see sections 4.2.2.1 and 4.2.2.5).

6) Two procedures were presented for baron analysis with
carminic acid, one by SEC and one by GE. The analysis time
specified by GE and SEC were 40 and 90 minutes, respectively.
The difference in times is the number of minutes required
for cooling following carminic acid addition and for color
development. As GE had tested the procedure and SEC . had
not, 40 minutes is assumed to be correct. .

7) The actual baron analysis time is forty (40) minutes. How-
ever, during continuous operation a column wash / regeneration /
equilibration cycle is required every four hours. According-
ly, an analysis could require approximately two hours.

8) Tne manual mannitol titrimetry is appropiate for routine use
only as the method lacks sensitivity to analyze small reactor
coolant samples; the manual method is commonly used at PWR's
under normal conditions. The Digichem Analyzer method is
applicable to routine or accident condition usage as 'the
method uses remote analysis of larger reactor ' coolant
samples.

9) The ion chromatographic procedure is not appropriate for
routine or accident condition usage due to insufficient sen-
sitivity.- If 'the lower detection of 500 ppm baron were .

deemed to be sufficiently sensitive, the procedure would be
appropriate for accident condition use only. .

.

1
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Listed in order of appropriateness is the result of
'

ENICO's evaluation of the baron analysis procedures:

1. Fluoroborate Ele: trode
2. Digichem Analyzer Mannitol Titrimetry -

3. Curcumin Spectrophotometric
4. Baronometer

5. Carminic Acid Spectrophotometric
6. Plasma Spectroscopy

7. Ion Chromatography -

It should be emphasized that the order of ranking
is based on presently.available information only. With additional test-
ing the order could change. For example, with confirmation that there

are no chemical interferences to the carminic acid spectrophotometric
method, it would be ranked at or near the top due to ease of use. Like-
wise, modifications to the plasma spectroscopy instrument, which would
insure containment of volatilized radioactivity, would improve its rat-
ing. Last, confirmation of the existence or nonexistence of radiological
interferences could alter the order of ranking. .

4.2.2 Chloride Analysis Methods
.

4.2.2.1 Ian Chromatocrachy (IC). Described in Section
4.2.1.6 was an ion chromatographic procedure for the simultaneous analy-
s.is of boron and chloride. Included in the description were the columns,
sample sizes, eluent, and operational characteristics required for satis-
factory analysis of baron and chloride in a single sample.

.

The measurement range, accuracy, sample size, and
analysis time for chloride analysis with the procedure are respectively

.

0.1-2000 ppn, + 10 percent, 0.04 ml of undiluted reactor coolant, and
_

40-120 minutes. The procedure, which has been laboratory tested, is -

applicable for routine and accident condition use. It can also be used
as an inline monitor or for analysis of grab samples.

.
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The advantages of the procedure are the measurement
range for chloride, normal and accident usage, small sample size, the
lack of chemical interferences, remote operability, simplicity of opera-

| tion, and'potentially short analysis time.
.

.

The disadvantages of the procedure are the lack of
a sufficient measurement range for baron, the required column washes /
regenerations, which increase the analysis times, and the need of a pre-
column for. basic samples. Another unknown is the lack of data on the
potential effects of highly radioactive samples.

.

.

Sentry Equipment Corporation also developed and
,

tested another ion chromatographic procedure for chloride analysis. The
'

procedure can not be used for baron analysis; however, it is very similar
to the boron-chloride analysis described previously. The procedure uses
.a 3 x 250 mm separator column, a 6 x 250 mm suppressor column, a sodium
tetraborate eluent, and a 0.04 mi sample. The procedure does not use a
pre-column. To obtain satisfactory results the columns must be washed
and regenerated. Washing frequency is once daily or prior to each

.,

regeneration.
'

_ _ _ _

Regeneration frequency is one every four hours' of
continuous operation. A high erratic baseline, a change in the time of
the appearance of the chloride peak (normally six minutes), and/or a
change in the peak height- for the standard indicate a need for

,

regeneration.

The tetraborate IC precedure has been tested in the
laboratory with simulated samples of fission products and chemical addi-
tives. - Special laboratory tests were performed to determine the effects
of morpholine, hydrazine, ammonia, and natural and synthetic oils. The

only effect observed was due to oils, which caused a progressive 10-30 -

'

percent increase in the chloride response and a memory effect. However,

as the memory effect can be eliminated with column washing and regenera-
tion and as the increase in chloride peak height is associated with

'

longer elution times, the effect is not considered significant as it can
.be detected and corrected.
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Laboratory tests were also performed with the te-

traborate IC procedure to determine its ability to measure fluoride' and

iodide. The data indicated that the fluoride elution time' was 1.5

minutes and that measurement of fluoride is possible down to 25 ppn (+10
_

percent) in the presence of fewer than 100 ppm baron. Attempts to mea-
,

sure fluoride in the presence of higher concentrations of, baron were

unsuccessful due to peak overlap. . The iodide measurements indicate that
iodide could not be detected at -low concentrations (0.5 ppm), and at
high concentrations (up to 100 ppm) small responses were observed. The

iodide data indicates that iodide will not interfere with the tetraborate- _

IC chloride analysis method. -

The advantages and disadvantages of the tetrabarate-
IC procedure are essentially the same as the ones presented above for
the boron-chloride IC procedure.

.

4.2.2.2 Soecific Ion Electrode (SIE). The procedure 'for ,
.

chloride an'alysis by SIE is very simple and rapid.' The pH of the solu-
tion is adjusted to 2-4 and the SIE and a' reference electrode are im-

mersed in the solution and the millivolt response is related to the chlo-

ride concentration.
-

The investigative studies performed by SEC/NUS em-
ployed a Graphic Controls Ultra-Sensitive Solid State Chloride Electrode
(Model PHI 91100) and a Graphic Controls double-junction reference elec-

trade (No. GC 54473). In the procedure 1.0 ml of nitric acid was added

to 100 ml of sample to adjust the pH. The measurement range determined

with standard chloride solutions was 0.01 to 35,000 ppm chloride.

With the above measurement range, the SIE is ap-
,

plicable to routine use only as approximately 10.0 ml of reactor coolant

sample, diluted to the 100 mi sample analysis size, would be required to --

detact 0.1 ppm chloride. Furthermore, the method suffers from inter-

ference of other halogens. The interference problem possibly can be

solved by a combination of selective oxidation and solvent extractions;
however, at present the SIE is not applicable to postaccident chloride-

.

analysis due to the relatively large sample size required.
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, Conceivably, the SIE ' could be adapted to remote
.

operation; but, as noted, the chemical interference problem must be

solved. Overall, the method is not a good candidate.
.

4.2.2.3 Turbidirretric, Colorimetric, Titrimetric and :.

~50ectrochotmetric. General Electric and SEC/NUS
evaluated or suggested a number of other candidate procedures for chlo-
ride analysis. All are basically hands-on methods; however, one (titri-
metry) could be adapted to remote -inline analysis. There has been
limited or no laboratory testing of the procedures by SEC/NUS or GE in -

regard to their applicability to analysis of reactor coolant samples

with potential fission product or chemical interferences. However, based

on the judgement of personnel at ICPP who have prior experience with the
same problems on similar procedures, it is anticipated that iodides and/
or other halogens will interfere with all the procedures presented in
this section. Futhermore, due to the relatively large size reactor cool-

1

ant samples required for analysis, 2-50 ml, use of the procedures for
hands-on analysis is prohibited under accident conditions. Accordingly,
the procedures are not a'pplicable to analysis of postaccident samples
without further testing, modification, and development, or without remote
use.

For, informational purposes, each procedure is
,

briefly outlined below.

Turbidimetric and Colorimetric-
The turbidimetric and colorimetric procedures are

- very similar. Six drops of concentrated nitric . acid are added to the
'

- sample,12 m1 for colorimetric and ' 25 m1 for turbidimetric; the percent
transmittance is recorded; seven drops of 1 N_ silver nitrate are added;
and the precent transmittance is recorded again. The difference between

j the two recorded measurements is related to the concentration of chloride -

by the use of calibration standards. For turbidimetry a HACH Turbidi-
meter or equivalent is recomended, and for colorimetry a Coleman Nepha-

'

Colorimeter, or equiva' lent, is recommended.

.
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Soectrophotometric

The spectrophotometric procedure presented is also
simple and commonly used for chloride analysis. It involves the mixing
of 10 ml of ferric amonium sulfate solution, 5.0 al of mercuric thio-

cyanate methanol solutien, and 25 ml of sample. This is followed by the
.

measurement of the percent transmittance at 463 nm in a 10 cm spectro-
photometric cell.

Titrimetry

The titrimetry method is based on the formation of

a mercury complex, d iphenylcarbozone-bromphenol blue, and mecurous

chloride. The end-point color develognent occurs whenmercurous ions are

in excess of the chloride. In the procedure 25 ml of sample, 1-2 ml of -

diphenyl-carbozone,' and a few drops of the bremphenol blue indicator are
mixed. This is followed by the addition of mecuric nitrate. The quanity
of mercuric nitrate added is a function of the chlonide concentration.

4.2.2.4 Conductivity of Chloride Solutions. For a dilute

so.lution of an ionic species the specific conductance, K, in pS/cm .is

given by:
3K = 10 AC (4-1)

where A is the equivalent conductivity and C is

the concentratior of the ionic species in solution in electrolytic equi-

valents. When the conductivity of a solution is due to several ionic

species, the specific condrictance of the solution can be expressed as

the summation of the conductances of each of the separate ionic species:

K = 103 [(A C ) (4-2)jj

where X and C are respectively the limiting
~

j j
equivalent ionic conductance and concentration of the individual species -

in solution. Values, which are available in handbooks, of the equivalent
conductance of different ionic species can be used to calculate the con-

ductivity or, alternately, the concentration of the ionic species pro-

vided the ionic species concentrations are known or the conductivity of.'

the solution is known.
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The proposed procedure utilizes the above technique
for estimation of upper limits of chloride concentration in postaccident

reactor coolant samples. ENICO agrees such a technique is applicable for
estimation of upper-limits of chloride or other ionic species in solu- .

tion, but does not believe the technique meets the intent of the NRC re-
.

quirement for chloride analysis. For example, chloride concentrations

calculated from the conductivity of postaccident solution will, in all

probability, be in excess of the 0.1 ppn limitation due to the presence
of fission products, high radiation fields, and/or other chemicals. As

a result, corrective actions will be taken or, more likely, accurate
.

analysis of chloride concentrations will be made. Initial accurate de-
terminations will preclude undue concern and/or unnecessary actions.

.

4.2.2.5 Summary and Conclusion of Chloride Analysis

Procedures. At present there is only one applicable
method for chloride analysis of postaccident chloride analysis: ion

chromatography. The other procedures evaluated are not appropriate due
to the large sample sizes required and known or anticipated chemical
interferences t.o the procedures. The results and features of the proce-

dures evaluated are shown in Table 6.

The chemical procedures have not been ranked in

order of applicability. Of the methods not presently applicable, the

specific ion elect ode and the titrimetry methods appear to have the

most potential due to adaptability to remote use, i.e., reduction of

radiological exposures. Their use,. however, will depend on elimination

of chemical interferences, such as other halogens. Limited investigative
work was performed by SEC/NUS to eliminate the chemical interferences.
Their technique, which ENICO believes has good potsntial, was selective
oxidation - solvent extraction. Consequently, with additional testing
and developnent one or more of these procedures could be adapted for
postaccident use. Specific procedures proposed in the future will re- -

quire evaluation as they become available.

4.2.3 Disso'lved Hydrocen and Oxycen

4.2.3.1 Gas Chromatocrachy (GC) - Hydrocen Analysis. A gas

chromatograph consists of a sample injection loop, a chromatographic

37 . |
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column containing a media such as charcoal or molecular sieves, a thermal
conductivity cell, and a meter-readout device. The thermal conductivity
cell, or detector, has two, matched hot wire filaments. Two streams of
carrier gas, e.g., argon, are supplied to the GC from a common source.
One stream flows directly past one of the filaments; the other stream

.

flows through the GC column then to the second hot wire filament. In
the absence _of a sample, the two filaments reach thermal equilibrium
(constant resistance) and no detector output is observed. Upon injection

of a sample into the GC column, non-equilibrium between the two filaments
is created due to the different thermal conductivities of the gases .

eluted from the GC column to the sample stream filament. The thermal
conductivity irrbalance generates a detector output.

.

As the different constituents of a sample are eluted,

from the GC column at different and specific times, the observed detector
outputs can be attributed to the individual component of the gas sample.
The magnitude of the outputs are proportional to the _ concentrations of
the different g ses in the sample. Quantification of the concentrations
is achieved by compaiisic.n of the detector output of samples and
standards.

,

The GC suggested by GE _ is a Baseline Model 1030, . or
equivalent. The Model 1030 is a microprocessor controlled ' instrument

( with thermal conductivity detectors. It is equipped with a gas condi-
t.ioner, an automatic retention time indicator, and thermal conductivity
peak integrator. The suggested GC column is ten feet of 1/8 to 3/16

inch tubing with SA molecular- sieves. The carrier gas (hclium) flowrate
3and pressure are 30 cm / minute and 15-30 psig; the suggested column

temperature was 30-50 C.

j Although a Fisher Model 1200 Gas Chromatograph was
~

j used in the SEC/NUS development and testing program, SEC/NUS also sug- -

! gests isaseline GC, or equivalent, for plant applications due to its

larger measurement range. Specific GC columns and operational parameters

|
were not .given by SEC/NUS. It is assumed the soecifications will be
similar to those noted by GE. Many combinations of columns, carrier gas
flowrates,- and temperatures have been used successfully in the past.

f

|
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TABLE 6

FEATURES OF PROPOSED ANALYTICAL PROCEDURES FOR CHLORIDE

'

Specific
Method Ion Ian

,

Feature Chromatography Electrode Turbidimetric

RANGE (ppm) .

Direct Analysis 0.1 - 100 0.010 - 35,000 0.02 - 10
With 1:100 Dilution . 10 - 10,000 Not Applicable Not Applicable

.

Overall Range 0.1 - 10,000 due to lack due to lack
of sensitivity of sensitivity

'

.

Accuracy (%)
(C1 in ppm) +15(1) f; 20 f; 30(2)

Samole and/or
Analysis Method

Inline Yes Yes No
Grab Yes Yes Yes

Analytical Backup
Required? Yes, For Yes, For No

Sample Collection Inline Inline(4) --

Fkthod Available Available- --

Sample Analysis Method Not.Specified Not Specified '

. Sample Size (ml) '

Diluted Analysis Sample so.04 (6')
100(7) 25(7)Actual RC /0.04 10 5

Analysis Time (min) 40 - 120(8) 15 20

Procedure Complexity Medium Low Low

Chemical Interferences? ' No Unknown Unknown
Tested Yes Limited No
Anticipated Yes Yes--

Radiological Effects? Unknown Unknown
Yes(9)Tested No No Yes

Anticipated No No --

.

Application

Routine Yes Yes Yes
Accident Yes No No

; 39
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TABLE 6 (Continued)
,

FEATURES OF. PROPOSED ANALYTICAL PROCEDURES FOR CHLORIDE

Colorimetric Titr1 metric Spectropnotometric

.

RANGE (ppm)
Direct Analysis 0.04 - 10 0.1 - 10 0.02 -10.0
With 1:100 Dilution Not Applicable' Not Applicable Not Applicable
Overall Range due to lack due to lack due to lack

of sensitivity of sensitivity of sensitivity

Accuracy'(%) -

(C1 in ppm) 1 25(2) 1. 20( 3). 1 20(3)
'

Sample and/or No Yes No
Analysis Method Yes Yes Yes

Inline
Grab

.

Analytical Backup No Yes, F r No9
Required? Inline(5)-- __

Sample Collection Available --

Method Not Specified
Sample Analysis Method

Sample Size (ml) 12 100(8) 25
'

Diluted Analysis Sample 2.4(7) 50 5(7)
Actual RC

Analysis Time (min) 30 20 20

Procedure Complexity Low Low Low

Chemical Interferences? Unknown Unknown Unknown
Tested No No No
Anticipated Yes Yes No

Radiological Effects? Unknown Unknown Unknown
Tested No No No

'

Anticipated Yes No Yes

Application Yes No Yes
.

Routine No No No
Accident

.

Notes:

1) The accuracy of the IC measurements is + 15% in the 0.1 to .

1.0 ppm chloride range and is 125% for higher concentra-
tions. By calibration at higher concentrations, the accuracy
can be maintained at i 15%.
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2) The uncertaintie's were estimated from calibration curve data
*

presented in the associated documentation.

3) The uncertainties are based on professional judgement.

4) The SIE method could be adapted for inline use.
.5) The titrimetry procedure could be used as the inline method

by employment of a technique similar to the DigiChem Analyzer
method for baron analysis.

6) The ion chromatographic procedure uses small (< 0.4 ml)
undiluted reactor coolant samples.

7) Due to insufficient sensitivity, smaller reactor coolant -

samples are inappropriate for these methods. -

'

8) The titrimetry procedure has sufficient sensitivity to mea-
sure 0.1 ppn chloride; however, 50 ml of reactor coolant is
required. The method is now in use at LOFT at INEL.

9) Limited radiological effect testing was performed by GE on
the turbidimetric procedure. At _ the maximum anticipated
dose rate, 8 x 103 rad /h in a diluted 25 mi sample (0.1 ml
diluted to 25 ml), an equivalent response of 1.8 ppm of
chloride was calculated from measurement data.

.

.

O

e

I

(

?

|

| 41



.

_ . . .- - ._ _ . . .__ __ . ._ ._

.. .
__ . . . _~ -

__ . . . wm .

. .
.

.

The sample cc 11ection procedures for dissolved gases-

proposed by SEC/NUS and GE are similar. Tne GE procedure involves the iso-
lation of 70 ml of pressurized reactor water', the depressurization of the
sample .into a 20 ml gas holding container, and the transferral of ali-

quots from the gas holding container to 15' mi septum bottles. The 15 ml
,

septum bottles are transferred to the labora. tory for GC analysis and/ or
further dilution. In the laboratory, gas tight syringes are used to
take 1.0 ml al,iquots from the septum bottles for injection into the GC.

The procedure employs Henry's Law and a tracer gas, which is injected
into the sample prior to depressurization, to determine sample yield.

,

The sample collection procedure of SEC/NUS involves
the isclation of a 30 ml pressurized reactor water sample, depressuriza-
tion of the sample, the quantitative transferral of the dissolved gases
into a 300 ml gas holding cylinder via an argon gas purge, and the pres-
surization of the 300 ml cylinder to atmospheric pressure with the argon

,

purge g'as. From the 300 ml gas holding cylinder small samples, 0.25 or
1.0 ml are injected remotely into the GC for analysis.

'

.
'

Following collection of the dissolved gas samples
the time required for GC analysis is less than ten minutes.

t

i The measurement range reported by. SEC/NUS is based
on extensive' laboratory studies and is applicable for 25-25,000 ppn hy-
drogen for a 1.0 ml dissolved gas sample. The dilutions associated with
the sample collection procedure and the 30 m1 sample used for depres-

3
surization create a range of 0.5 - 2000 cm of dissolved hydrogen per
kilogram of reactor coolant. The accuracy of the measurements is + 10

_

percent.

General Electric did not report a measurement range;
however, an estimate of the lower- limit of detection was mentioned. .

Their estimate of the lower detection limit, based on limited laboratory

studies, is 0.1 volume percent or 1000 ppm for a 1.0 ml dissolved gas
sample. ENICO believes this detection limit is a factor of ten or more _

high and that the actual detection limit will be similar to the one mea -
sured by SEC/NUS, i.e., 100 ppm or lower. If such a detection limit is

verified by GE, ENICO estimates the measurement range of the GE gas

42
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chromatograrh method for dissolved hydrogen in reactor water will be
34.1-2000 cm per kilogram 'of water. The estimate is based on the

relative size of reactor water samples taken for analysis and the rela-

tive volumes of the gas holding cylinders of the SEC/NUS and GE sample
collection systems.

The advantages of the GC methods proposed by the
two vendors are sufficient measurement ranges, the application to rou-
tine and accident usage, the simplicity of operation, and the selective

measurement of hydrogen, not total gases. The advantages of the SEC/NUS .

method over the GE method are the extensiveness of laboratory testing
performed by SEC/NUS and the remote analysis capability of the SEC/NUS

14system. The latter advantage is quite significant as calculated

dose rates due to noble gases associated with the dissolved gases in
4unit volumes of reactor water are in excess of 10 R/h at one centi-

meter. As a result the dose rates associated with the GC samples, even
with- dilution, are potentially a few R/h and will require more caution
for hands-on analysis than remote analysis.

The disadvantage of the GC method in general is
related to maintenance of the instrument; however, this is not considered
significant as GC's are generally very dependable. Another limitation
of the method is the lack of laboratory tests on the effects of high

radiation field on tha procedure; however, there are nc anticipated

effects.

4.2.3'.2 Gas Chromatocrachy, Yellow Sorinas Analyzer -
Dissolved Oxycen Analysis. As described in the

previous section, different constituents in a gas sample are separated
in a GC column due to their characteristic diffusion rates through a

medium such as charcoal, molecular sieve, etc. As a result GC lends
itself to the simultaneous determination of oxygen and hydrogen from the -

analysis of a single sample.

General electric proposed to use this technique for . _

dissolved oxygen analysis, i.e., simultaneous measurement of hydrogen
and oxygen in a single sample. The sample collection procedure, instru-
mentation, and associated equipnent proposed are identical to the ones
described above. Specific measurement ranges were not provided by GE.
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ENICO's estimate of the measurement range is el
to 400 ppm in the reactor coolant. The basis of the estimate are the

22relative thermal conductivities (detector responses) of oxygen and
hydrogen and the hydroge,n measurement range estimated for the GE system
in the above section. This estimated oxygen is inadequate for postacci-

.

dent analysis of reactor coolant samples as the sensitivity of the pro-
- cedure is insufficient to measure below 1 ppm dissolved oxygen. Howe'ver,

before the GC procedure is precluded from postaccident application, it
should be experimentally verified that the sensitivity of the GC method
is inadequate.

_

Sentry Equipment Corporation proposed an inline
monitor for postaccident determinations of dissolved oxygen in reactor
coolant. The instrument selected and -laboratory tested was a Yellow
Springs Instrument (YSI) . Model 54 0xygen Analyzer. The sensing probe,
which contains a semipermeable membrane, is remotely located from the
meter and output device. The probe holder was redesigned to minimize
fluid volume and associated radiation ex posure. Calibration of the,

system. is achieved with an oxygen saturated dem.ineralized water source.
The actual oxygen content of the standard solution is determined from
the temperatures of the water and a solubility chart relating dissolved
oxygen to water temperature.

Laboratory tests verified that there were no inter-

ferences due to hydrogen in solution er 'ariations in sample flowrate.
One problem observed during the tests was a pin hole in one of the probe
merrbranes. This resulted in erratic results. Replacement of the mem-
brane corrected the problem.

,

Laboratory testing also verified that the accuracy

(+ 5%) was sufficient to measure 0.1 ppn dissolved oxygen. The measure-

ment range was linear between 0.1-7.85 ppm oxygen. Concentrations above -

7.85 ppn oxygen were not laboratory tested. It is anticipated the mea-

surement range will be valid up to 20 ppm oxygen; however, this needs
verification. -

1

Provided the measurement range can be demonstrated
to be 0.1-20 ppm, the YSI Analyzer is applicable to postaccident
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applications. The Model 54 Analyzer lacks sufficient sensitivity for
routine use. SEC/NUS proposed a Rexnord Analyzer for routine use
(sensitivity-ppb) or alternately a Model 56 YSI Analyzer with reported
higher- sensitivity. The routine condition monitor will be installed in
parallel with the accident condition monitor.

.

The advantages of the YSI oxygen monitors are the
remote operability, simplicity, and potentially adequate measurement
range. .

.

The disadvantage of the systems is the time, 1-4
hours, required for the system to reach equilibrium after the internal
portions of the sensing probe are exposed to air. Based on a review of
the literature on the effects of irradiation on the components of the
sensing probe, no radiological effects are anticipated. The maximum

dose anticipated to the different materials of construction in the probe
4

is 10 rads; the minimum doses causing damage to the materials was
6reported at 10 rads. '

.

4.2.3.3 Evaluation Sunmary of' Dissolved Oxycen and Hydrocen
Analysis. The gas chromatographic methods proposed by SEC/NUS for dis-
solved hydrogen analysis is applicable to postaccident sample analysis.
It has sufficient sensitivity, accuracy, and range of measurement

3(0.5-2000 cm hydrogen per kilogram of reactor coolant, + 10 %) . The

measurement range associated with the GE method needs to be verified.
After completing collection of the dissolved gas sample, the analysis
Jme is ten minutes or less. The SEC/NUS sample handling has an advan-

| tage over the GE procedure due to its remote mode of sample handling.
Precautions should be taken when manually handling the dissolved gas
samples due to the potentially high radiological fields. The GC method
is applicable to routine conditions also. Radiological interferences to

the GC method are not anticipated. -

The GC method proposed by GE for dissolved oxygen
analysis appears to lack sufficient sensitivity for required measurement - .

of low (<0.1 ppm) concentrations of oxygen. Without further testing
to demonstrate the capability of the method to measure the low concen-
tration, the GC method for oxygen analysis is not :pplicable to post
accident sample analysis.
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The inline oxygen monitor proposed by SEC is appli-
/

cable to postaccident analysis provided information is available to

verify its ability to measure dissolved oxygen over the ' entire range of
0.1-20 ppm. At present the measurement range has been demonstrated to
be valid between 0.1 and 7.85 ppm only. -

In ENICO's opinion, the proven measurement range is
sufficient as the intent is to measure the absence of oxygen, not neces.-
sarily the presence. If NRC does not agree, additional laboratory
studies need to be performed to extend the measurement range. .

To meet all NUREG-0737 requirements, licensees which
use inline method for analysis must have a backup capability to obtain
grab samples and to perform analysis performed by the inline monitor.
Dissolved oxygen analysis by hands-on techiques will require diluted,
pressurized samples or techniques to collect the gases (oxygen) from a
liquid sample. Conventional methods, eg., Winkler, of hands-on analysis
can not be used due to the large sample sizes required and/or a lack of
sensitivity. Alternative methods must,be identified.

-

4.2. 4 Conductivity and oH

4.2.4.1 Conductivity. Both SEC/NUS and GE propose the use
of inline monitors for measurement of conductivity. Their proposed con-

: ductivity meters have measurement ranges of 0-500 pS/cm and 0-100
t

| uS/cm, respectively. The proposed probes have conductivity cells with
i

0.1 cm cell constants; they are located remote to the meters. The inline
probe tested by GE was a standard, commercially available one, and the
probe tested by NUS used a modified probe holder designed to minimize

j fluid volume. The actual cell volumes were not specified. The accuracy

associated with the measurements was not specified either; however, high
accuracy for 0-2 pS/cm and decreasing accuracy for higher conductivi- '

ties was noted.

Laboratory tests were performed by both GE and SEC/
NUS. The GE tests involved measurements of the conductivity of water
flowing first through a conductivity cell under irradiation and then

'

through a second in-series conductivity cell not under irradiation. The'
4 5irradiation fields were varied between 1.3 x 10 rads /h to ' 9.8 x 10

46:
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rads /h. GE also made static (no flow) measurements with the above ar-
rangement. Finally, GE performed conductivity measurements on a 10 ppn
chloride solution with (9.8 x 105 rads /h) and without irradiation and
with and without flow through the cells. The SEC/NUS laboratory testing
was limited to establishing the operability with a flowing sample stream,

,

the effects air bubbles in the air stream, and the effects of hydrogen
peroxide on conductivity measurements. SEC/NUS also conducted a litera-
ture review for potential radiation effects to the components of the
sensing probe.

.

The results of GE tests on the two in-series cells.

indicated that the cell under irradiation and the one not under irradia-
tion gave the same results and that the conductivity of the solution
increased from 0.1 uS/cm to 0.65 uS/cm as the irradiation intensity
was increased. The cause for the increase in conductivity is unknown;
however, it obviously is due to the generation of an unknown conductive
s pecie s. The hypothesis that the unknown species ,is hydrogen per' oxide
is not supported by the chloride solution tests performed by GE and the .

hydrogen peroxide tests performed by SEC/NUS; i.e., the conductivity did

not change with' the addition of chloride - added to decrease the gene-
rated species - or with the addition of hydrogen peroxide directly to
the flowing stream.

Ftrther results of the SEC/NUS tests show that the
monitor is applicable to a flowing sample stream and that the presence
of air bubbles at five percent of the water volume does not alter the

accuracy of the measurements.

The literature review indicates that the resistance
of the probe components to radiation exposure exceeds the anticipated
radiation does by a factor of one hundred or more.

.

The advantages of the method are its utility under
accident and normal condition, its resistance to radiation damage, the
remote operational mode, and its simplicity.

..

*

There are no apparent disadvantages even though the
conductivity of water solutions increased with increasing radiation
doses. This observation only implies that the monitor was operating
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properly as its response increased with an increase in the conductivity,

of the solution.

A backup method for measurement of conductivity of
,

'grab samples was not noted. However, there are comercially available
,

portable conductivity meters which are appropriate for this purpose.,
,

4.2.4.2 p!!,. To investigate methods of determining pH under
postaccident conditions, SEC/NUS evaluated an industrial grade inline pH
probe and a sealed, permanently-filled reference electrode. The vertical

,,

probe holder, modified to minimize fluid volume, prevents entrapment of
air bubbles. A double 0-ring seal is used to-prevent leakage. The probe

; can be calibrated in place by injection of buffer solutions (pH 7 and
i 10) into the sample loop. The probe output is recorded on an industrial

grade meter mounted in a remotely located instr: ment panel.
,

, .

Testing of 'the pH monitor was performed to deter-1
'

mine its applicability to a flowing sample stream and to evaluate the
" e,ffects of air bubbles in the liquid. Data in'dicated the pH' monitor is.

not affected by variations in flow or by the presence of air bubbles ~.

.

The optimum operating temperature range of the pH
0probe is 75-90 F; the maximum temperature and pressure are 125 F and

100 psig. With constant control of the pH probe at a given temperature
,

within the optimum operational range, the accuracy and measurement range
will comply with NRC requirements, 1-13 + 0.3 pH units.

_

As inline pH monitors have been used reliably for a -
number of years in the chemical and nuclear industries, there are no
apparent disadvantages. The advantages are the application to accident -
and routine use, the remote operability, the simplicity, and the suffi-
cient measurement range and accuracy. -

j- j

To fulfill all NUREG-0737 requirements, however, a
i el backup capability to measure the pH of grab sample must be provided. -

# With the proposed grab sample collection systems, this will require pH
t a

measurements of diluted reactor coolant samples. ENICO anticipates that
pH's measured in diluted samples cannot be used to accurately determine

i
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the actual pH of the reactor water. For example, based on a 1:100 dilu-

tion of a 0.1 ml reactor coolant sample uth deionized water (pH 7.0),
the estimated pH of the reactor coolant water determined from the analy-
sis of the diluted sample could be in error by 2-7 pH units. This takes
into account the results of dilution only and not the presence of other

.

constituents which can affect the pH. Accordingly, ENICO does not re- '

consnend the use of diluted grab samples for measurement of reactor
coolant pH.

General Electric Company suggested the use of pH
,

paper for measurement of pH in reactor water. In conjunction with this

idea, a series of laboratory tests were performed to determine the ef-
fects of high irradiations on the accuracy of the method. The pH paper
was imersed in solutions with pH 3.8 and 10.0 and irradiated for ten

5 4minutes (1.6 x 10 rads) in one study and one minute (1.6 x 10

rads) in another study. The colors of the solutions were completely
destroyed in the ten minute test and significantly altered in the one

. minute test (0.5 pH unit shift).
.

.

! To compensate for this effect, GE suggested that
'

the procedure be modified to decrease the exposures to the pH paper.
The suggestion was to moisten the paper with a drop or two of sample
instead of total imersion of the pH paper in the sample solution. The

proposed modified procedure was not demonstrated to be successful.

ENICO does not believe the pH paper method is sat-
isfactory at present due to the irradiation effects, observed. Its future
applicability will depend on the additional testing and the development
of a technique to collect a small, undiluted reactor coolant sample and
to perform the measurement in a radiologically safe manner.

General Electric' also suggested that the conducti- -

vity of a solution is a potential method to ensure that the pH of the
reactor coolant is within certain acceptable ranges, i.e. 5.6 to 8.6.

ENICO does not believe this technique meets the NRC intent as the con- -

ductivity of the reactor coolant can possibly vary over a large range.
under accident conditions and cannot be used as an indication of pH with
the required accuracy.*
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4.2.4.3 Sumary of Conductivity and pH Analysis Methods.

The . method proposed by SEC/NUS and GE is applicable for measurement of
the conductivity of reactor coolant water. It includes an inline con-
ductivity cell .with a remote readout meter. A backup capability to mea-

' sure the conductivity of grab samples was not noted by SEC or GE. This .

backup capability can be provided with comercially available, portable
conductivity meters for analysis of grab samples. Alternately, a backup
capability, with NRC's concurrence, would be a second, independent inline'

monitor which could be put into service upon the failure of the first
monitor. The monitors are applicable to accident and normal conditions.

.

Although there was an increase in conductivity of
test solutions with an increase in radiation exposures, the effect was
not due to monitor component failure. It was a result of an increase of
the conductivity of the test solution. It is unknown if the increase in
conductivity of the test solutions was inherent to the experimental con-
ditions or whether one should anticipate the generation of a conductive'

species in postaccident reactor coolant water.

.

At present the only proven methods which has satis-
factory accuracy and' is applicable to measurement of p;: under accident:

conditions are inline monitors. The use of pH paper is not applicable
due to inaccuracies caused by high radiation fields. The pH paper method

may be applicable with further testing; however, the metho'd will require
the development of techniques for the remote addition of small reactor .
coolant samples to the pH paper and for the remote comparison of the pH
paper colors with standards.

The pH analysis of diluted reactor coolant samples
; is not recomended due to the potential inaccuracies of the measurements.

The only alternative for a backup analysis capability is the use of two
! independent inline monitors; one in service and cne in standby. -

|

! The pH inline monitors are applicable to both acci-

dent and routine use. There are no anticipated radiological effects. -

1
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.EkON NUCLEAR IDAHO COMPANY, Inc.
P.O. Bos 280o

IDAHO FALLS. IDAHO 83401 16 February 1982

GE/SEC Chemical Procedures
Moe-3-82

:

Mr. C. E. McCraken
U. S. Nuclear Regulatory Comission
Phillips Bldg. Room P-302
Bethesda, MD 20014 -

'

Reference: B. G. Motes, " Evaluation of GE and SEC Chemical Procedures for Post-
accident Analysis of Reactor Coolant Samples", November 1981

Dear Conrad:

In ENICO's evaluation of proposed chemical procedures for postaccident analysis
of reactor coolant samples, referenced above, the presence or absence of radio-
logically induced interferencas (effects) were noted for chemical procedures with
available test data. For chemical procedures without available test data, it was-

noted whether radiologically induced interferences were anticipated or not. In
the report a general statement was included which indicated that the basis for
determining whether radiological effects were anticipated or not was past expe-
riences of personnel involved in the evaluation.

In response to your recent request for a brief amplification of the basis used to
detennine whether or not radiological effects on the individual procedures are
anticipated or not, I have included in the enclosed table a list of the procedures
and the respective basis used. Again it should be emphasized that the evaluation
for these procedures are professional judgements; they have not been confirmed
with laboratory testing. As recomended in *.he report the procedures should be
laboratory tested to confirm the existance or nonexistance of radiologically in-
duced effects.

If you require additional infonnation please call (FTS 583-3577).

Sincerely,

Coq 5k,[;
B. G. Motes
Radiochemistry .

BGM:aer
'

.

Enclosure
.

cc: B. Barnhart, NRC
G.L. Vivian, 00E-ID

% 2!30401
4f'
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f Attachment.

TABLE I Moe-3-82
-

,

'

BASIS FOR RADIOLOGICAL EFFECTS ON SEC/GE CHEMICAL PROCEDURES Page 1

i Method / Analysis Radiological Effects Anticipated Basis,

4
,

-

f Fluoreborate SIE/ Boron Unknown No Chemistry of the procedure and SEC literature review of
'

; radiological effects on similar materials used in con-
.i struction of the SIE. i

!!
l. Curcumin Spectrophotometric / Unknown No Chemistry of the procedure.,

! Baron

.'|
; Plasma Spectroscopy / Boron Unknown No Independence of procedure chemistry.

,

L

Canninic Acid Spectro-
photometric / Boron No Chemistry of the procedure.--

;

Mannitol Titrimetry / Boron Unknown No Chemistry of the procedure, SEC literature review of-

. . radiological effects on pil probes, and prior use of the i

V procedure to analyze relatively high activity samples.

|
Boronometry/ Boron No Independence of procedure chemistry and prior usage of--

,

boronometers in high radiation fields.;

I '

3 .

Lj I:n Chromatography / Boron Unknown No Chemistry of the method and prior use of a similar method
to analyze relatively high activity (SIR) samples, includ-

j ing a diluted postaccident TMI-2 sample (s0.5R)
s

Ion Chromatography / Chloride Unknown No Chemistry of the method and prior use of a similar method i

to analyze relatively high activity samples, including,

a diluted : postaccident THI-2 sample (s0.5R).
'

Specific Ion Electrode / Unknown No SEC literature review of radiological effects on similar
Chloride materials used to construct t;.2 electrode.

'Turbidimetric / Chloride Yes -- . Laboratory tests by SEC/NUS.,

,
.

. | Colorimetric/ Chloride Unknown Yes Laboratory test by SEC/NUS on the turbidimetric method,P

,

which is essentially the same as the colorimetric rcethod.'
i

.

.

I
i

,
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i Moe-3-82
: i TABLE I Page 2 .

*

.

BASIS FOR RADIOLOGICAL EFFECTS ON SEC/GE CllEMICAL PROCEDURES<

f, Method / Analysis Radiological Effects Anticipated Basis
,

'

"

Titrimetric / Chloride Unknown No Chemistry of the procedure and SEC leterature review of
g radiological effects on pil probes.

.
,

l Spectrophotometric / Unknown Yes Chemistry of the procedure.!

| Chloride-

,

i
i Gas Chromatography / Unknown No Nature of measurement method and prior use of GC to
i i liydrogen to analyze relatively high activity samples (,,0.5R)
! :.

Gas Chromatograph /0xygen Unknown No Nature of measurement method and prior use of GC to
' analyze relatively high activity samples (@.5R)

Yellow Spings Analyzer / Unknown No SEC literature review of the radiological effects on
'; 0xygen the materials of construction of the sample probe. :

'! i

,
Conductivity Meter / io --

| Laboratory tests by GE, the StC literature review of! |i. Conductivity the radiological effects'on materials of probe con- !
I

! l struction and the SEC personnel interviews of in- . .

'% dividuals with prior experience with similar measurements. !4

pH Paper /pli Yes -- Laboratory tests performed by GE. Ir

h
'

F pH Probe /pH No -- Literature review by SEC of the radiological effects on
' the materials of probe construction, SEC personnel in--

terviews with individuals with prior experience with
similar measurements, and comon use of pil probes in
high radiation fields.j ,

t

.

O

I j
'

'
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|

$

|,
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TECHNICAL DISCUSSIONS AND RESOLUTION OF
11 LRG-II ISSUES. THE POSITIONS TAKEN IN

THESE PAPERS WILL.BE REFERENCED IN LRG-il
PLANT OL APPLICATIONS.

.

.

s.

|

NOTE: ADDITIONAL ISSUES WILL BE ADDRESSED

IN SUBS $OUENT POSITION PAPER VOLUMES.
,

THIS VOLUME ALSO CONTAINS A REVISED LRG-ill
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'l-CHEB
,

REACTOR COOLANT S/' j

ISSUE

In response to the requireme; .cG-0737, Item II.B.3, " Post Accident' ' -

Sampling Capability", LRG-II .s are required to demonstrate that the -

reactor coolant system sampling locations will provide ' coolant samples
that are representative of core conditions. Of specific concern is the

potential for significant dilution of the sample by makeup water which can
result in the samples being analyzed at lower concentrations of soluble

Especies (chlorine, baron, iodine, etc) than are actually present in'the
Core.

.

.

LRG-II RESPONSE

The LRG-II position is that reactor coolant samples obtained f rc.m a tap
off the jet pump pressure instru.nent system will provide representative4

core coolant samples 'for accident conditions and that samples be taken
from this location.

s

In order to assure that this sample location provides a representative
sample, sufficient core flow is needed to circulate water from the core to

the jet pump intake. Af ter a small break or non-break accident, the

reactor water level is maintained at or near normal water level by the

operator using emergency procedur.es. For decay power above 1% of rated
power the core flow is estimated to be greater than 10% rated flow due to
natural circulation. The entire reactor water inventory would be c'rculated
through the jet pumps in about 3 to 4 minutes, thus assuring that representatise
samples of core coolant will be available at the jet pumps, i-

.

: ~ 2 ,*:.:
, .

,
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$Ni[*.I',.*At power levels of less than 1% rated, a sample that is representative of
..u .c
. |' ;,7 ' e core conditions would be obtained by increasing the reactor water level byf. ..

18 in. This will fully flood the moisture separators and will provide a~

' thermally induced recirculation flow path for mixing.
'

Makeup water does not significantly dilute the sample. Makeup water flow

amounts to approximately 2% of the core flow for small steam line breaks
or non-break accidents. For small liquid line breaks, the makeup water

flow rate is estimated to be less than 18% of the core flow. Thus, no

significant dilution occurs and the water circulating through the jet pump
is representative of reactor coolant inventory -for small break or non-break
accidents.

Further, sample lines in the RHR system provide for a reactor coolant
sample when the reactor is depressurized and at least one of the RHR loops
is operating in the shutdovn cooling mode. .

Finally, for larger line breaks where reactor water level cannot be
maintained, reverse flow through the core to the suppression pool is
provided. Suppression pool samples are obtained from the RHR pump
discharge as discussed in the LRG-II posit' ion paper 2-CHEB " Suppression
Pool Sampling". ,

-
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,

SUPPRESSION POOL SAMPLING
-

. .

,

ISSUE

' In response to the requirements of NUREG-0737, Item II.B.3, " Post Accident-
Sampling Capability," LRG-II plants are required to demonstrate that the
suppression pool sample locations will provide samples that are repre .entative
of pool inventory.

LRG-II RESPONSE

The LRG-II position is that suppression pool samples, obtained from the
Residual Heat Removal pump discharge with the RHR loop lined up in the
suppression pool cool'ing mode, will be representative of the pool

'

inventory and that samples .will be taken from this location.

The sample lines will be installed on the discharge side of the RHR pumps
downstream of the pump check valve. Representative samples will be a .sured
by operating the selected RHR loop for appr'oximately 30 minutes prior ta

' taking a sample. Since no SRV's discharge directly i,nto the RHR suction
and the SRV discharge locations in the pool facilitate mixing, the suppressier
pool sample location will provide adequately mixed samples that will be
representative of pool inventory.

.
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