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Final Safety Evaluation by

the Office of Nuclear Reactor Regulation
Related to Operation of

Beaver Valley Power Station Unit No. 1

POST-ACCI DENT SAMPLING SYSTEM

NUREG-0737. II.B.3

Introduction,

The post-accident sampling system (PASS) is evaluated for compliance
with the criteria in NUREG-0737, Item II.B.3. The licensee should
provide information on the capability to obtain and quantitatively
analyze reactor coolant and containment atmosphere samples without
radiation exposure to any individual exceeding 5 rem to the whole
body or 75 rem _to the extremit.ies (GDC-19) during and following an
accident in which there is core degradation. Materials to be analyzed
and quantified include certain r~ radionuclides that are indicators of
severity of core damage (e.g. noble gases, isotopes of iodine and

,

cesium, and nonvolatile isotopes), hydrogen in the containment atmos-
phere and total dissolved gases or hydrogen, boron, and chloride in
reactor coolant samples in accordance with the requirements of
NUREG-0737, II.B.3.

To satisfy the requirements, the licensee should (1) review and modify
his sampling, chemical analysis, and radionuclides determination cap-
abilities as necessary to comply with NUREG-0737, item II.B.3, and
(2) provide the staff with information pertaining to system design,
analytical capabilities and procedures in sufficient detail to demon-
strate that the requirements are met.
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Evaluation

By letter dated August 31,1982, April 15,1983, June 5,1984 and July 16,
' 1984 the licensee provided information on the PASS. Our evaluation is as
follows:

' Criterion: (1 )

The licensee shall have the capability to promptly obtain reactor
coolant samples and containment atmosphere samples. The combined
time allotted for sampling and analysis should be three hours or
less from the time a decision is made to take a sample.

The PASS has sampling and analysis capability to promptly obtain and
analyze reactor coolant samples and. containment atmosphere samples

within three hours from the time a decision is made to take a sample.
,

The PASS Was not designed to have a backup power source. Sample collec-
tion and analysis will not be possible if offsite power is lost.
Howev er , -a heavily shielded backup l'aboratory and counting facilities7

are maintained in the Emergency Response Facility (ERF) for post-acci-
dent sampling and analysis in the event that the hot chemistry laboratory
would be unavailable or inaccessible. Furthermore, the ERF will have a
backup diesel generator power supply. We determined that these
provisions meet Criterion (1) of Item II.B.3 in NUREG-0737 and are, |

therefore, acceptable.

Criterion: (2) !

The licensee shall establish an onsite radiological and chemical
analysis capability to provide, within three-hour time frame
established above, quantification of the following:
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a) certain radionuclides in the reactor coolant and containment
atmosphere that may be indicators of the degree of core damage
(e.g., noble gases; iodines and cesiums, and non-volatile
isotopes);

b) hydrogen levels in the containment atmosphere;

c) dissolved gases (e.g., H ), chloride (time allotted for
2

analysis subject to discussion below), and boron concen-
tration of liquids.

d) Alternatively, have in-line monitoring capabilities to perform
all or part of the above analyses.

The PASS is capable of obtaining a grab sample of the containment atmosphere,
the reactor coolant system or the containment sump. Radionuclides analysis of
grab samples can be done in thr. chemistry hot laboratory or the ERF lab,
In-line monitors are also available for hydrogen analysis of contaimnent atmo?

,

phere (I tem II .F.1.6). The boron, chloride and pH levels will be analyzec
by in-line probes. Grab sample capability is available should the electroce
system fail.

The licensee provided a procedure for estimating the degree of reactor
core damage based on the Westinghouse Owners Group generic methodology,

Revision 1, dated March 1984, which relates to post-accident core damage
with measurements of radionuclides concentrations in the reactor coolant
and containment atmosphere.

|

The procedure takes into consideration other physcial parameters such as
reactor core temperature data, reactor water level, sample location, and

containment radiation levels and hydrogen concentrations. We determined

that these provisions meet Criterion (2) and are, theref ore, acceptable.

|
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Criterion: (3)<

- ' Reactor coolant and containment atmosphere sampling during post'

accident conditions shall not require an isolated auxiliary system
[e.g.. the l'etdown system, reactor water cleanup system (RWCUS)]

.

'

to' be placed in operation :in order to use ' the sampling system.

i

Reactor coolant and containment' atmosphere sampling during post accident)

conditions does not require an isolated auxiliary sysem to be placed
in operation in. order to p'erform the sampling function. The PASS

..

provides.the' ability to obtain samp?es from each reactor coolant hot
leg, the residual heat removal system (RHR), the containment

! sump, and-the containment atmosphere without using an isolated auxiliary

[ system. .The-licensee's response to ;riterion (3) is acceptable since
PASS sampling is performed without requiring operation of an isolated

: auxiliary system and PASS valves which are not accessible after an

-accident are environmentally qualified for the conditions in which they
need.to operate. "

.

Criterion: (4)

Pressurized reactor coolant samples are not required if the licensee
can quantify the amount of dissolved gases with unpressurized reactor
coolant samples. The measurement of either total dissolved gases or
H2 gas in reactor coolant samples is considered adequate. Measuring

the 0 concentration is recommended, but is not mandatory.2

Hydrogen concentrations as low as 3 cc/kg can be measured. Dissolved
oxygen is indicated directly in ppm as it is read by the in-line analyzer
On the 0-1 ppm scale, oxygen con' centration as low as 0.02 ppm can be
measured. Furthermore, hydrogen and oxygen concentrations can be

measured in the laboratory using a gas chromatograph. We determined
that these provisions meet Criterion (4) of Item II.B.3 in NUREG-0/37
and are, therefore, acceptable.
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Criterion: (5)

.

The time for a chloride analysis to be performed is dependent upon
two factors: (a) if the plant's coolant water is seawater or brack-
ish water and (b) if there is only a single barrier between primary
containment systems and the cooling water. Under both of the above
conditions the licensee shall provide for a chloride analysis within
24 hours of the sample being taken. For all other cases, the
licesee shall provide for the analysis to be completed within 4 days.
The chloride analysis does not have to be done onsite.

An in-line chloride analyzer is provided which meets the 96-hour chloride
limit for a fresh water plant. Additionally, grap samples will be avail-
able for laboratory analysis within four days. We determined that these
provisions meet Criterion (5) and are, therefore, acceptable.

Criterion: (6) *

The design basis for plant equipment for reactor coolant and con-

tainment atmosphere samplir!g and analysis w.ithout radiation exposures
to any individual exceeding'the criteria of GDC 19 (Appendix A, 10 CFR
Part 50) (i.e. . 5 rem whole body, 75 rem ext remities). (Note that
the design and operational review critt Sn was changed from the
operational limits of 10 CFR Part 20 (NUREG-Ob7G) u the GDC 19
criterion (October 30, 1979 letter from H. R. Denton to all licensees).

The licensee has performed a shielding analysis to ensure that operator
exposure while obtaining and analyzing a PASS sample is within accep-
table limits. This operator exposure includes entering and exiting the l

sample panel area, operating sample panel manual valves, positioning the
grab sample into the shielded transfer carts, and performing manual
sample dilutions, if required, for isotopic analysis: PASS personnel

,

radiation exposures from reactor coolant and containment atmosphere j
!

sampling and analysis are within 5 rem whole body and 75 rem extremities
which meet the requirements of GDC (19) and Criterion (6) and are, there-L

fore, acceptable.

w __--_
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Criterion: (7),n i

The analysis of primary coolant samples for boron is required for
PWRs. ~(Note that Rev. 2 of Regulatory Guide 1.97 specifies the
need for primary coolant boron analysis capability at BWR plants). ;

,

Boron analysis of the reactor coolant will be performed by in-line boron
analyzer with a measurement capability from 0 ppm to 6,000 ppm under
accident conditions. Prior to time when the boron analyzer is
operational, boron can also be analyzed using diluted reactor coolant
sample. We find that this provision meets the recommendations of

Regulatory Guide 1.97, Rev. 2 and Criterion (7) and is, therefore,
acceptable.

Criterion: (8)

If in-line monitoring is used for any sampling and analytical
capability specified herein, the licensee shall provide backup
sampling through grab saniples, and shall demonstrate the
capability of analyzing the samples. Established planning for
analysis at offsite facilities is acceptable. Eouipment provided

for backup sampling shall be capable of pro'viding at least one
sample per day for 7 days following onset of the accident and at
least one sample per week until the accident condition no longer

exists.

An in-line chemical analysis panel is provided for reactor coolant
pH, boron,- oxygen and hydrogen concentrations . Also, a backup (diluted
and undiluted) reactor coolant grab sample can be obtained for the offsite
analysis. We find that these provisions meet Criterion (8) and are,
therefore, acceptable.

I i

Criterion: (9)

The licensee's radiological and chemical sample analysis capability
shall include provisions to:

_- _ _ _________-_- _ _ _ _.
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a) Identify and quant'ify the isotopes of the nuclide categories
discussed above to levels corresponding to the source term
given in Regulatory Guide 1.3 or 1.4 and 1.7. Where neces-

sary and practicable, the ability to dilute samples to
provide capability for measurement and reduction of personnel
exposure should be provided. Sensitivity of onsite liquid
sample analysis capability should be such as to permit
measurement of nuclide concentration in the range from
approximately 1p Ci/g to 10 Ci/g.

!

b) Restrict background levels or radiation in the radiological
and chemical analysis facility from sources such that the

'

sample analysis will provide results with an acceptably
small error (approximately a factor of 2). This can be

~

accomplished through the use of sufficient shielding around
samples and outside sources, and by the use of a ventilation
system design which will control the presence of airborne
radioactivity. -

The radionuclides in both the primary coolarit and the containment
atmosphere will be identified and quantified. Provisions are avail-
able for diluted reactor coolant samples to minimize personnel
exposure. Radioisotope analysis can be perfonned in the chemistry
laboratory in the station or in the Emergency Response Facility lab.
Radiation background levels will be restricted by shielding and
ventilation in the radiological and chemical analysis facilities
such that analytical results can be obrained within an acceptably
small error (approximately a factor of 2). We find that these
provisions meet Criterion (9) and are, therefore, acceptable.
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Criterion (10):,.

~ Accuracy, range, and sensitivity shall be adequate to provide pertinent
data to the operator in order to describe radiological and chemical
status of the reactor coolant systems.

Analytical accuracies are estimated for gamma spectra, boron, chloride,
total dissolved gases, and pH based on normal test solutions. The systems
performance will be verified when the PASS is installed.

All instruments were purchased with certification that they would function
4in a radiat' ion field exceeding 10 rads / gram of reactor coolant. Boron,

y pH, and chloride analyzer will be calibrated on a six month frequency while
dissolved hydrogen and oxygen analyzers will be calibrated every 18 months.
The operators will be retrained on a semi-annual basis.

.

The analytical accuracies were provided to describe radiological and
chemical status of the reactor coolant system. The licensee
also provided information on the measurement ranges and sensitivity of
the procedure to demonstrate, on the standard test matrix, that the
selected procedures and instrumentation achieved acceptable accuracies,
We determined that these provisions meet Criterion (10) and are, therefore.
acceptable.

L

Criterion: (11)

In the design of the post-accident sampling and analysis capability,
,f consideration should be given to the following items:

,

a) Provisions for purging sample lines, for reducing plateout in
sample line, for minimizing 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

|

|
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| rupture of the sample line. The post accident reactor. coolant
i

L and containment atmosphere samples should be representative of

the reactor coolant in the core area and the containment atmos-
phere following a transient or accident. The sample lines should

|

be as short as possible to minimize the volune of fluid to be taken
from containment. The residues of sample collection should be
returned to containment or to a closed system.

i. b) The ventilation exhaust from the sampling station should be
filtered with charcoa! adsorbers and high effciency particulate
air.(HEPA) filters.

The licensee has addressed provisions for purging to ensure samples are
representative, size'of sample line to limit reactor coolant loss from

a rupture of the sample line, and ventilation exhaust from PASS filtered

through charcoal adsorbers and HEPA filters. Information was also provided

regarding containment atmospher,e sample line heat tracing to limit iodine
plateout.

.

We determined that the licensee meets Criterion (11) of Item II.B.3 or
NUREG-0737.

Conclusion

On the basis of our evaluation, we conclude that the post-accident sampling

system meets all eleven criteria of Item II.B.3 in NUREG-0737, and is,
therefore, acceptable.

Principal Contributors

P. Wu, Reviewer

P Tam, Project Manager j

Dated : September , 1984
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