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Enclosed you will find a description of the post
accident sampling capabilities at the Peach Bottom Atomic Power
Station Units 2 and 3 developed in response to NUREG-0737, Item
II.B.3. The description addresses both the requirements of
NUREG-0737, and criteria guidelines presented in correspondence
dated August 24, 1982 and October 7, 1982 (J . F. Stolz, NRC to E.
G. Bauer, PECo.).

Should you have additional questions regarding this
matter, please do not hesitate to contact us.
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Docket Nos. $0-277

50-278

subject: Peach Bottom Atomic Power Station
Post-Accident Sampling Capability

NuhBG-0737, Item II.B.3

Post-accident sampling and analysis capability has been
provided at Peach Bottom Atomic Power Station, Units 2 and 3 in
accordance with the requirements of NUREG-0737, Item II.B.3

sample stations designed and supplied by General Electric
company have been installed in the M-G Set rooms which are
located adjacent to, and netween, the Reactor Buildings on
Elevation 135'. The sample stations consist of separate gas and
liquid sample modules and a control panel. Sample lines have
been provided Irom Jet Pump instruments, RHR systems, and
containment gas analyzer lines. Laboratory equipment for the
analysis of post-accident samples is located in the Chemistry Lab
at Elevation 116' and/or the reactivated Unit 1 laboratory.
Arrangements have been made with Babcock & Wilcox for
confirmatory and suppleaental offsite analyses.

Tne following is a detailed discussion of PBAPS compliance
with each requirements of NUREG-0737:

criterion: (1) The license chall have the capability to
promptly obtain reactor coolant samples and
containment atmosphere samples. The combined
time allotted for sampling and analysis should
be 3 hours or less from the time a decision is
made to taxe a sample.

Discussion: The PBAPS design provides for prompt sampiing
and analysis of all post-accident samples.
Sampling activities are controlled from the
sample station control panels which are
designed ror sequential, manual operation.
The control panels are located at a distance
of at least 6 feet f rom the sample stations.
A minimal amount of time in close proximity to
the sample stations is required to facilitate
alignment and removal of sample vials and/or
cartridges. Provisions are made for
recirculation through the sample lines to the
torus to assure that samples taken are,

representative of actual system conditions.
Shielded sample casks are provided for
transport of the gas and liquid samples to the
laboratory. Several routes of transport are
available to each of the laboratories. The
chemistry lab on elevation 1168 is
approximately 150 feet from the sample
stations, wnile the Unit 1 laboratory is
approximately 1000 feet away. The laboratories
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are equipped with the necessary equipment for
timely analysis of samples.

The following in a conservative time sequence
for sampling, transport, and analysis to
demonstrate that samples can be obtained and
analyzed within the specified 3 hour period:

a. recirculate sample, install sample
vial /or cartridge - - 30 min.

b. operate sample station - - 20 min.

c. transport sample to Unit 1 lab - - 20
min.

d. analyze sample - - 40 min.

The sample stations may be powered from either
a station auxiliary bus or an emergency bus so
that sampling can be performed during a loss
of offsite power.

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:

(a)* certain radienuclides 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 . ,H2) , chloride (time
allotted for analysis subject to
discussion below) , and boron
concentration of liquids.

(d) Alternatively, have inline monitoring
capabilities to perform all or part of
the above analyses.

l The onsite radiological and chemicalDiscussion: -

laboratory facilities are equipped with gamma
spectral analysis equipment to quantify the

! radionuclides present in gas and liquid
| samples. Shielded caves have been provided

| f or the radiation detectors to minimize the
effect of background radiation. Initial
dilutions are performed in the process of
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taking liquid samples at the sample stations.
Any additional dilutions required will be
performed in the laboratory fume hood behind a
lead brick pile.

A gas chromatograph has been provided for the
analysis of hydrogen and oxygen concentrations
in containment atmosphere or primary coolant
gas samples. Small volume samples for these
gas analys's may be removed from the samplee
vial via a small access hole through its
shielded carrier.

Chloride and Boron concentrations in liquid
samples will be measured on site by the
turbidimetric and carminic acid methods,
respectively. Liquid sample pH will be
measure 9 using a combination pH electrode.
All necessary equipment and reagants will be
maintained on-site.

A procedure to assess the extent of core
damage based on radionuclide concentrations
and other parameters has been prepared by GE
and will be utilized for Peach Bottom. A copy
of the GE procedure is included as Attachmant
1.

Criterion: (3) deagtor coolant and containment atmosphere
sampling during post-accident conditions shall
not require an isolated auxiliary system
(e.g., the letdown system, reactor water
cleanup system (HWCUS)) to be placed in
operation in order to use the sampling system.

Discussion: The operation of isolated auxillary systems is
not required to f acilitate post-accident
sampling. heactor coolant samples are taken
downstream of excess flow check valves in the
jet pump instrument lines. The samples are
circulated at a rate of about 1 gpa so that
the excess flow chect valves will not close
unless a system leak or rupture occurs. RHR
samples are obtained during system operation
through system sample valves. Containment gas
samples are obtained from the CAD System H2/02
Analyzer sample lines which will be in
operation following an accident. All samples

'

| are returned to the torus through CAD
| injection or Core Spray system return lines.
| The various flow paths are indicated on the

following PSID's: M-374, M-361, M-362, M-372,
and M-351.

!
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Valves which are required to operate to
facilitate sampling which will not be
accessible atter an accident have been
reviewed to determine their suitability ror
the expected service conditions:

- Valves in the CAD system are included in
the environmental qualification program
previously submitted for Peach Bottok.

- Valves in the BHR system are air operated
globe valves equipped with pilot solenoid
valves. A material review has been
performed to assure that the valves would
not be expected to degrade in post-
accident service. These pilot solenoid
valves will be replaced- with ones
qualified for anticipated post-accident
radiation levels in tFe near future,
although our materials review did not
uncover any specific problems.

- Components located on the sample station
cooler rack were subjected to a materials
review to assure that degradation would
not bc expected. The Tetlon gasket in
PET-664 and the Tetlon gasket and packing
in FCV-627 were identified as marginal
for tne design basis conditions. These

* materials will be replaced in the near
future.

Criterion: (4) Pressurized reactor coolant samples are not
required it 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 02 concentration is

recommended, but is not mandatory.

Discussion: The sample station can provide depressurized
samples of primary coolant gas and liquid
phases. A coolant sample is circulated
through a holdup cylinder, the cylinder is
then isolated and the contents circulated,

! through a gas loop containing a measured
amount of inert Krypton. The gases are vented-

to an evacuated gas collection chamber, and a
fraction of the gas is expanded into a sample
vial for analysis by gas chromatography. The
concentration of Krypton in the sample is used
to calculate the f raction of the dissolved
gases recovered. The Krypton also serves as a
stripping agent at low gas concentrations.

:
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Dissolved oxygen concentrations will be
measured indirectly using the residual
hydrogen method (i.e. - dissolved oxygen will
be verified to be <0.1 pga by measurement of a
positive hydrogen residual of >10 cc/Kg) . The
results of the gas analysis are corrected for
the relative solubilities of the various
constituents to determine the initial
dissolved gas concentrations.

'

Criterion: (5) The time for a chloride analysis to be
perrormed is dependent upon two f actors: (a)
if the plant's coolant water is seawater or
brackish 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 sagple being taken. For all
other cases, the licensee shall provide for
the analysis to be completed within 4 days.
The chloride analysis does not have to be done
onsite.

Discussion: Since PBAPS does not utilize seawater or
brackish water f or plant cooling, the
completion of chloride analyses is not
required for 4 days. The capability for on-

scoping" analyses is provided by tne usesite a
of the turbidimetric method of laboratory
analysis. Since a 100:1 diluted sample is
utilized for hign activity level samples, the
sensitivity or this mechod is on the order of
10 ppm chlorides in the undiluted coolant.
More sensitive analyses may be made at the
off-site facility, or on-site after time for
radioactive decay of undiluted samples.

Criterion: (6) The design basis for plant equipment for
reactor coolant and containment atmosphere
sampling and analysis must assume that it is
possible to obtain and analyze a sample
without radiation exposures to any individucl
exceeding the criteria of GDC 19 (Appendix A,
10CFR, Part 50) (i.e. -5 rem whole body, 75 rem
extremities).

Discussion: The sampling and analysis provisions at Peach.

Bottom have been designed such that it will be
possible to obtain and analyze a sample at any
time without exceeding the criteria of GDC 19.
The following conservative time sequences have
been used in conjunction with conservative
dose calculations and Reg. Guide 1.4 source

.
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terms to verity compliance for a sample taken
at 1 hour after an accident:

Whole Body Dose Assessment

kiquid Sample

Background Sample Integrated
Time Dose Dose Dose
(min.) (MR/HR) (MR/HR) (REM)

a) recirculate sample 10 568 66 .106
,

b) operate station 5 568 100 .056

c) transport sample cask 20 883 6 .296

d) handle sample 10 sec. 59 161 .001

e) analyse sample 20 59 80 .046
Total .50s

Gas Samole

T) recirc sample 20 568 2 .190

b) operate station 5 568 360 .077

1 b68 410 .016c) nandle bottle *

d) transport sample cask 20 883 54 .312

e) analyze sample 20 59 20 .026
Total .621

Particulate / Iodine

a) recirculate sample 20 568 2 .190

b) operate station 5 568 360 .077

c) transport cartridge 20 883 890 .591

d) analyze sample 20 59 890 .316
Total 1.174

Some additional dose to extremities will result
from the limited handling of samples in the

,

| laboratory. Because of the use of sample
dilutions, small volume samples, shielded casks,'

lead brick piles, and laboratory extension devices
(i.e. tongs) doses to the extremeties are-

estimated to be 100 to 200 MR for each sample.

6
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Criterion: (7) The analysis of primary coolant sample for
boron is required for PWRs. (Note that hev. 2
of Begulatory Guide 1.97 specifies the need
for primary coolant boron snalysis capability
at "WR plants.)

Discussion: Coolant samples may be analyzed in the
laboratory for boron concentration using the
carminic acid method.

Criterion: (6) It inline monitoring is used for any sampling
and analytical capability specified herein,
the license shall provide backup sampling
through grab samples, and shall deronstrute
the capability or analyzing the samples.
Established planning for analysis at oftsite
facilities is acceptable. Equipment provided
for backup sampling shall be capable of
providing 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.

Discussion: Inline monitoring equipment is not utilized at
Peach Bottom. Grab samples are obtained from
the GE supplied sample station and analyzed in
on-site laboratory facilities. Arrangements
have been made with an off-site laboratory ior
backup and supplemental analyses.

Criterion: (9) The licensee's radiological and chemical
sample analysis capability shall include
provisions to:

(a) Identity and quantify the isotopes of the
nuclide categories discussed above to
levels corresponding to the source terms
given in Hegulatory Guide 1.3 or 1.4 and
1.7. Where necessary 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
concentrations in the range from
approximately 1 uCi/g to 10 Ci/g.

.

(b) Restrict background levels of radiation
in the radiological and chemical analysis
facility from sources such that the
sample analysis will provide results with
an acceptably small error (approximately

i a f actor of 2) . This can be accomplished
through the use of sufficient shielding

7
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around samples and outside sources, and
by the use of a ventilation system design
which will control the presence of
airborne radioactivity.

Discussion: The CINDER code was used to calculate the core
inventory of fission products assuming a three
year irradiation, 100% availability, and
reactor operation at 102% of rated power.
Fractional. releases of fission products from
the fuel to the reactor water, suppression
pool, and containment atrosphere were based on
Regulatory Guide 1.3 and 1.7 assumptions. A
detailed description of the resulting post-
accident source terms is included as
Attachment 2.

Primary coolant samples obtained from the
sampling station are diluted by a factor of
100 (0.1 al coolant diluted to 10 ml) . Under
severe accident conditions a calibrated
syringe would be utilized to obtain an allquot
for this sample for further dilutions. At the
maximum expected primary coolant activity
level ( 3 Ci/cc) a dilution factor of 1 x 106
would be required for gamma spectroscopy.

Direct counting of the initial 100:1 dilution
sample would allow analysis at coolant
activity levels down to 1 uCi/cc. In
addition, the degassed, undiluted 10 m1 sample

! available from the sample station could be
utilized for analysis of samples in the 10-d
to 10-a uCi/cc range. Thus, useful samples
may be obtained from the post-accident
sampling station for coolant activity levels
ranging from design ba' sis accident source
terms to well below the maximum level that can!

| be tolerated at the normal reactor sample
station.

The use of the laboratory at PBAPS Unit 1
assures that background radiation levels will
have no significant effect on the accuracy of
analyses. The contribution of samples which
are present in the laboratory to background
radiation levels will have an insignificant
effect on the accuracy of analyses since the,

samples will be Kept it. their shielded
transport casks or behind lead brick piles and
since shielded caves are provided for the GeLi
detectors.

Criterion: (10) Accuracy, range, and sensitivity shall be
adequate to provide pertinent data to the

.

8
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operator in order to describe raciological and
chemical status of the reactor coolant
systems.

Discussion: The post-accident sampling and analysis
provisions at Peach Bottom are of adequate
accuracy, range, and sensitivity to provide
pertinent information regarding the reactor
coolant system. The following is a discussion
of the analytical capability of the equipment
and procedures utilized at Peach Bottom:

a) Gross Activity, Gamma Spectra

These analyses will be accurate within at
least a factor of two over a coolant
activity range of 10uci/cc to 10 Ci/cc.
Additional information is provided in the
discussion of compliance with Criteria 9,
above.

b) Bcron

Boron concentrations will be determined
by the carminic acid analysis method.
Concentrations between 50 and 1100 ppa
are of interest for BWR reactivity
control in the event suf ficient control
rods are not inserted to shutdown the

* reactor. The use of the carminic acid
method with the 100:1 diluted sample will
result in an accuracy of + 50 ppa over
this range.

None of the expected post-accident
chemical constituients (I, Cs+ , Ba + 2,
La+3, Ce++, Cl , B, Li+, NO-3, NH++, K+)

| will interfere with this analysin method.
Irradiation tests conducted by GE have
demonstrated that the design basis source
term activity level causes only a 1 ppa
error in the analysis.

| c) chloride

The chloride analysis performed on-site
will be limited to a scoping analysis
using the turbidimetric method. The-

sensitivity of this method is such that
:

coolant concentrations must be greater
than 10 ppm for detection in the diluted
sample. In addition, iodine can be
expected to interfere somethat with the
turbidimetric method by the formation of
silver iodide. Tests performed by GE

9
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have verified that irradiation has a
negligible effect on the accuracy of the
analysis.

Off-site provisions for chloride analysis
will be accurate +10% osor the range 0.5
to 20 ppa and +0.05 ppm below
concentrations of 0.5 ppm.

d) Dissolved Hydrogen

Dissolved hydrogen cancentrations will be
measured by gas chromatography as
described under Criteria 4, above. An
accuracy of 110% can be expected over the
range of concentrations from 50 to 2000
cc/Kg. Below 50 cc/Kg, the accuracy will
be 10.05 cc/Kg. Gas chromatography has
been successfully demonstrated for the
determination of hydrogen in TMI-2 ;,ost-
accident gas samples.

e) Dissolved Oxygen

Dissolved oxygen will be measured
indirectly using the residual hydrogen
method of analysis. Using this method,
dissolved oxycen concentration is
verified to be less than 0.1 ppm by

+ measurement or positive hydrogen
residuals of greater than 10 cc/Kg.
Measurement of dissolved hydrogen is
discussed under d) above.

f) pH

A comoination electrode will be utilized
to acasure the pH of coolant samples.
Testing performed by GE has verified that
expected levels of irradiation result in
a shirt of less than 0.3 pH units.

Equipment used for post-accident sampling and
analyses will be calibrated or tested
approximately every six months. Personnel
training in the collection and on-sice
analysis of samples will be performed
annually. At least five members of tFo on-
site organization will participate in the
training to ensure the availability of trained
personnel.

Criterion: (11) In the design of the post post-accident
sampling and analysis capability,

10
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consideration snould be given to the following
items:

(a) Provisions for purging sample lines, for
reducing plateout in sample lines, 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 ilow 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 frca containment.
The residues 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
absorbers and high-efficiency particulate
air (llEPA) filters.

Discussion: All has and liquid samples are circulated
through their sample lines in the reactor
building to the torus to assure that samples
taken are representative ot actual conditions.
All gas sample lines are heat traced at 2500F
to preclude condensation and minimize
plateout. Sample line routings are as direct
and short as practical. Recirculation Ilow
rates in toe liquid sample lines are
maintained in the turbulent flow regime.

Sample taps are located in areas protected
from RCS or containment debris. Each sample
line is equipped with flow restrictions and/or
isolation valves to limit the loss of fluid in
the event of a sample line failure.

Samples taken from the j:t pump sample lines
will be most directly indicative of coolant-

conditions in the core. If a small break, or
no break has occurred, reactor water level
will be maintained at or near normal levels.
As long as water is maintained in the upper
plenum, natural circulation vill occur tros
the downcomer to the shroud region via the jet
pumps. Another recirculation path may exist

11
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within the shroud depending upon primary
recirculation flow rate. With thermal
conditions circulating water up through the
core and back down past the tap from the
sample is taken, a representative relationship
will exist. If normal water level can not be
maintained, as in the case of a large break
like the DBA LOCA recirculation line break,
the jet pump samplc point will still provide a
representative sample. In this case, the Core
Spray System will supply water to flood the
core. This flow will be down through the
core, then up through the jet pumps to exit
the break. Again, flow past the sample point
directly from the core will assure a
representative sample because one of the two
Core Spray loops is capable of supplying ten
times as much water as is required for
replacement of core boil-off after only ten
minutes.

Samples taken from the RHR system will be
representative of conditions in the
suppression pool if RHR is in the suppression
pool cooling mode. They will be
representative of the RCS if RHR is in the
shutdown cooling mode, or representative of
the RCS/ suppression pool mixture if a LOCA has
occurred or the alternate shutdown cooling
mode of RuR (through SRV's) is being utilized.

Containment gas samples will be representative
of conditions throughout the primary
containment since the containment is not
compartmentalized and the atmosphere is fully
mixed.

The post-accident sample stations are provided
with ventilation by the standby gas treatment
system which contains both HEPA filters and
charcoal absorbers.

*
. . .
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