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Serial No. 931

April 25, 1983

Director of Nuclear Reactor Regulation
Attention: Mr. John F. Stolz

Operating Reactor Branch No. 4

Division of Operating Reactors

United States Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Stolz:

Your letter dated July 21, 1982 (Log No. 1036) requested information for
a post-implementation review of NUREG-0737 Item II,B.3 Post-Accident
Sampling System. We are providing the requested information as an
attachment per our letter of September 29, 1982 (Serial No. 863) for the
Davis-Besse Nuclear Power Station Unit No. 1.

As discussed in your Order Confirming our commitments dated March 14,
1983 (Log No. 1245), tie schedule for completing the Post-Accident
Sampling System is December 31, 1983. Therefore, some of the information
needed to provide responses to your requested information will not be
available until after December 31, 1983. These items are indicated in
our responses.

Very truly yours,
PR s
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The following indicators will be mounted on the
control panel:

Pressurizer Vapor Sample

Pressurizer Liquid Sample

RCS Cold Leg Loop 2

Containment Sample Isolation Valve A
Containment Sample Isolation Valve B
Sample Flow

The following control switches will be mounted on the
control panel:

Letdown System Sample Isolation Valve

Decay Heat Loop 1 Sample Isclation Valve

Decay Heat Loop 2 Sample Isolation Valve

Isolation Valve for Normal Sample from RCS

Isolation Valve for Decay Heat Sample from Normal
Sample System

PASS Isolation Valve

Demin Water to PASS Isolation Valve

Demin Water to Sample Cooler

Pressurizer Undiluted Sample Isolation Valve

High Pressure Grab Sample Hydrogen Sample Isolation
and Bypass Valves

Pressure Control Valve for High Pressure Sample

Bypass Isolation Valve for Quench Tank

Depressurized Undiluted Sample Isolation Valve

Undiluted Sample Grab Sample Isolation and Bypass

Valves
Undiluted Sample Isolation Valve to RCDT or
Quench Tank

Diluted Sample Isolation and Bypass Valves
Diluted Sample Isolation Valve to RCDT or Quench

Tank

Sample Panel Discharge Valve to RCDT or Quench
Tank

Demin Water Pump

Sample Pump

Pressure Control Valve Control

Several types of samples are capable of being obtained
from the PASS. These are:

1. Pressurized undiluted samples
- 8 Depressurized undiluted samples

3. Diluted samples
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Clarification: 2.

Response: -

(a) A discussion of the counting equipment

(d)

(a)

capabilities is needed, including provisions
to handle samples and reduce background
radiation to minimize personnel radiation
exposures (ALARA). Also a procedure is
required for relating radionuclid~ concen-
trations to core damage. The procedure should
include:

[ Monitoring for short and long lived
volatile and nonvolatile radionuclides
such as 133, , 131., 137, , 134, , 85, ,
140, and 88°  (Seé Vol.°f1, paft 2, KT

pp. 524-527 of Rogovin Report for further

information).

28 Provisions to estimate the extent of core
damage based on radionuclide concentrations
and taking into consideration other physical
parameters such as core temperature data and
sample location.

Show a capability to obtain a grab sample,
transport and analyze for hydrogen.

Discuss the capabilities to sample and analyze
for the accident sample species listed here
and in Regulatory Guide 1.97 Rev. 2.

Provide a discussion of the reliability and
maintenance information to demonstrate that
the selected on-line instrument is appropriate
for this applicetion. (See (8) and (10) below
relative to back-up grab sampie capability and
instrument range and accuracy.)

A description of the on-site counting equipment
is contained in Procedure AD 1850.04 Section 5.4,
(see Attachment II) Post Accident Radiological
Sampling and Counting, which includes volatile
and nonvolatile radionuclides. In order to
reduce the background, the samples will be
diluted or counted in a shielded container.

A procedure to evaluate core damage has not
been developed but will be prepared by December,
1983.
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Criterion: (9) The licensee's radiological and chemical sample
analysis capability shall include provisions to:

(a) Identify and quantify the isotopes of the
nuclide categories discussed above the levels
corresponding to the source terms given in
Reguiatory Guide 1.3 or 1.4 and 1.7. Where
necessary and practicable, the ability to
dilute samples to provide capability for
measure and reduction of personnel exposure
should be provided. Sensitivity of on-site
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 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 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.

Clarification: (9) (a) Provide a discussion of the predicted activity
in che samples to be taken and the methods of
handling/dilution that will be employed to
reduce the activity sufficiently to perform
the required analysis. Discuss the range of
radionuclide concentration which can be
analyzed for, including an assessment of the
amount of overlap between post accident and
normal sampling capabilities.

{(9) (b) State the predicted background radiation
levels in the counting room, including the
contribution from samples which are present.
Also provide data demonstrating what the
background radistion levels and radiation
effect will be on a sample being counted to
assure an accuracy within a factor of Z.
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Response: (9)

(9)

(a) A reactor coolant system water up to 10 Ci/g
can be collected with the post accident system
which will be completed by December, 1983.

The system can dilute samples by a factor of
1,000. Dilution is accomplished by use of a
metering pump and demineralized water. The
samples are transferred in containers that are
shielded with 3 inches of lead. Normal
samples can be collected up to a radiation
level of approximately 1-R/hr. There is no
lower limit for collecting samples with the
emergency samples, the upper limit is 10 Ci/g.

(b) The background radiation levels in the counting
room are not expected to increase significantly
to prevent use of the equipment. Should the
levels increase to a level where the counting
room would become unavailable for use, the
counting equipment would be moved to another
predetermined location in accordance with
procedure AD 1850G.04.

The error contribution from radiocactive
samples in the room will not interfere more
than a factor of 2 because excess samples will
be removed from the counting room. Samples
will be diluted or counted inside a shielded
container.

Criterion: (10) Accuracy, range, and sensitivity shail be adequate

Clarification:

to provide pertinent data to the operator in order
to describe radiological and chemical status of the
reactor coolant systems.

The recommended ranges for the required accident
sample analyses are given in Regulatory Guide 1.97,
Rev. 2. The necessary accuracy within the recommended
ranges are as follows:

- Gross activity, gamma spectrum: measured
to estimate core damage, these analyses
should be accurate within a factor of two
across the entire range.

- Boron: measure to verify shutdown
margin.
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In general this analysis should be accurate within
t 5% of the measured value (i.e., at 6,000 ppm B
the tolerance is % 300 ppm while at 1,000 ppm B the
tolerance is * 50 ppm). For concentrations below
1,000 ppm the tolerance band should remain at

t 50 ppm.

- Chloride: measured to determine coolant
corrosion potential.

For concentrations between 0.5 and 20.0 ppm chloride
the analysis should be accurate within * 10% of the
measured value. At concentrations below 0.5 ppm

the tolerance band remains at * 0.05 ppm.

- Hydrogen or Total Gas: monitored to
estimate core degradation and corrosion
potential of the cociant.

An accuracy of * 10% is desirable between 50 and
2,000 cc/kg but t 20% can be acceptable. For
concentratior below 50 cc/kg the tolerance remains
at * 5.0 cc/kg.

- Oxygen: monitored to assess coolant
corrosion potential.

For concentrations between 0.5 and 20.0 ppm oxygen
the analysis should be accurate within * 10% of the
measured value. At concentrations below 0.5 ppm
the tolerauce band remains at * 0.05 ppm.

- pH: measured to assess coolant corrosicn
potential.

Between a pH of 5 to 9, the reading should be
accurate withing * 0.3 pH units. For all other
ranges * 0.5 pH units is acceptable.

To demonstrate that the selected procedures aund
instrumentation will achieve the above listed
accuracievs, it is necessary to provide information
demonstrating their applicability in the post
accident water chemistry and radiation environment.
This can be accomplished by performing tests
utilizing the standard test matrix provided below
or by providing evidence that the selected procedure
¢r instrument has been used successfully in a
similar environment.
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STANDARD TEST MATRIX
FOR
UNDILUTED REACTOR COOLANT SAMPLES IN A POST ACCIDENT ENVIRONMENT

Nominal

Constituient Concentration (ppm) Added as (chemical salt)
I 40 Potassium lodine
Cs* 250 Cesium Nitrate
Ba*2 10 Barium Nitrate
La*3 5 Lanthanum Chloride
Ce'4 5 Ammonium Cerium Nitrate
4 A 10
B 2,000 Beric Acid
Li* 2 Lithium Hydroxide
NO3 150
NH3 5
3 20

Gamma Radiation 104 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 commcnsurate with the
weight of actual reactor coolant in the sample being
tested.

2) For PWRs, procedures which may be affected by 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.

3) For BWRs, if procedures are verified with boron in the
test matrix, they do not have to be tested without
boron.

4) In lieu of conducting tests utilizing the standard test
matrix for instruments and procedures, provide evidence
that the selected instrument or procedure has been used
successfully in a similar environment.
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Response:

Criterion: (11)

All equipment and procedures which are used for
post accident sampling and analyses should be
calibrated or tested at a frequency which will
ensure, to a high degree of reliability, that it
will be available if required. Operators should
receive initial and refresher training in post
accident sampling, analysis and transport. A
minimum frequency for the above efforts is
considered to be every six months if indicated by
testing. These provisions should be submitted in
revised Technical Specifications in accerdance with
Enclosure 1 of NUREG-0737. The staff will provide
model Technical Specifications at a later date.

Gamma emitting radionuclides can be measured within
a factor of 2 across the entire range.

Boron analysis will be performed using an automatic
tritator with an accuracy of * 5%.

Chloride analysis will be performed off-site with
an accuracy of * 10% for concentrations greater
than 500 ppb and * 50 ppb for concentrations less
than 500 ppb.

The on-site hydrogen monitor has an accuracy of 4%
between 20 and 2,000 cc/kg.

It is felt that analyz'ng for oxygen directly is
not required. However, depending on radiological
conditions at the time a portable "ppb" oxygen
monitor will be made available for daily measurement
of dissolved oxygen concentration.

The pH of liquid samples will be measured to an
accuracy of * 0.3 units,

The response to the test matrix will be provided
after clarification is received from the Davis-Besse
NRC Project Manager.

In the design of the post accident sampling and
analysis capability, consideration should be given
to the following items:
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(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
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 vclume of
fluid to be taken from 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
(HEPA) filters.

Clarification: (11) (a) A description of the provisions which address
each of the items in clarification 11.a should
be provided. Such items, as heat tracing and
purge velocities, should be addressed. To
demonstrate that samples are representative of
core conditions a discussion of mixing, both
short and long term, is needed. If a given
sample location can be rendered inaccurate due
to the accident (i.e., sampling from a hot or
cold leg loop which may have a steam or gas
pocket) describe the backup sampling capabilities
or address the maximum time that this condition
can exist.

BWRs should specifically address samples which
are taken from the core shroud area and
demonstrate how they are representative of
core conditions.

Passive flow restrictors in the sample lines
may be roplaced by redundant, environmentally
qualified, remotely operated isolation valves
to limit potential leakage from sampling
lines. The automatic containment isolation
valves should close on containment isolation
or safety injection signals.
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(11) (b) A dedicated sample station filtration system
is not required, provided a positive exhaust
exists which is subsequently routed through
charcoal absorbers and HEPA filters.
Response: (11) (a) The PASS system has installed provisions to

purge the sample lines before samples are
taken. The samples are taken from the installed
sample locations on the pressurizer, cold leg
loop 2, discharge of decay heat pump loop 1
and 2 and the letdown system, which are
representive of core conditions. By purging
the lines to the reactor coolant drain tank or
the quench tank a representative sample can be
obtained. The flow through the PASS tubing is
greater than 15 ft./sec. to prevent blockage
of sample lines by loose material in high
pressure lines. The PASS has installed flow
restrictors which will limit loss of coolant
in the event of a rupture of a sample line.
The operator during sampling will be able to
tell from the PASS panel if a rupture has
occurred and can notify the control room to
isolate the sample system. These valves are
automatically isolated on SFAS actuation and
are environmentally qualified. The sample
locations will allow for backup from various
points in the event a sample location is
rendered inoperable by a steam or gas pocket.
When the system pressure is reduced and the
plant is on the decay heat system, a sample
can also be taken.

(11) (b) The room ventillation where the PASS is
located is designed to exhaust through charcoal
absorbers and HEPA filters. A fan must be
replaced in this system before it is considered
operable.

The containment atmosphere sample locations
exhaust through a charcoal absorber and a HEPA
filter.

mj a/20
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AD 1850.04

5.4 Onsite Counting Facility

In order to meet the 3-hour post-accident radiological sampling
and analysis requirement for RCS and containment atmosphere
samples, an operational, adequately equipped, onsite counting
facility must be available.

The location chosen for the Onsite Counting Facility must be set
up where the radiation level is low, such as the entrance lobby
on the east side of the Office Building (585 ft. elevation)or in

the Water

5.4.1

Plant Lab.

Equipment

A Canberra Model 8100 or 8180 multichannel pulse

height analyzer (MCA), presently onsite, has been
assigned for use in the Onsite Counting Facility

in the event of an accident. Should utilization

of the Facility be required, a Ge(Li) detector assembly
will be removed from the Counting Room (603 ft.
elevation) and relocated in a low radiation area where
it will be connected with the Canberra MCA and other
necessary equipment to provide the required gamma
spectral analysis capability.

Efficiency charts and/or data tables are available in

the counting room manual to provide necessary counting
information for each of the following samples:
i, Reactor coolant

o Containment atmosphere (noble gases)
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3. Stack exhaust (noble gases)
4. Stack particulates filter
5. Stack iodine cartridge.
5.4.2 Procedure

Upon declaration of an emergency requiring activation
of the Onsite Counting Facility, the following procedure
will be followed:

1. If the Counting Room cannot be used transport
Canberra Model 8100 or 8180 tou a suitable loca-
tion, i.e., the Station Lobby, Water Plant Lab,
or Radiological Testing Lab at the DBAB.

2. In Counting Room, gradually reduce high voltage
to the Ge(Li) detector until high voltage is off.
Turn off power to the NIM bin in which the high
voltage supply and amplifier are located.

3. Disconnect cables at the Ge(Li) detector, amplifier,
and MCA.
4. Remove Ge(Li) detector from shield and immedi-

ately place in a dewar of LN;. Relocate in a
low radiation area with NIM bin containing high
voltage and amplifier. Bring a sample shelf
assembly along.

5. Reconnect high voltage, pre-amp power, and signal
cables between the NIM bin components and the
Ge(Li) detector per Attachment 3.

6. Turn on NIM bin power and gradually bring high
voltage up to normal operating voltage (3000
volts). Allow about 15 minutes for the system
to stabilize.

T To achieve 0.5 kev/channel energy calibration,
adjust the amplifier fine gain until the number
of channels between two reference peaks is two
times the difference between the peaks in kev.
Then adjust the baseline until a reference peak
is in the channel equal to two times the energy
in kev. It is not necessary to have exactly 0.5
kev/channel.

8. Determine background spectrum before counting
samples. Good operating practice would recommend
the stationing of an operating thin-window G-M
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10 AD 1850.04.4

survey meter with audible output at the Onsite
Counting Facility. This would alert personnel teo
high atmospheric roble gas activity which could
disrupt counting.

After counting appropriate samples, the data
reduction necessary to determine the activity

for each principal gamma emitter will be performed
per RC 4502.00, Gamma Spectral Analysis.

Specific information for counting the RCS sampling
system (i.e., the 40-cc bomb inside 3-inches
of lead shielding).

(1) Remove the collimator pin from the shielding.
(2) Use Attachment 4 for radionuclide data.

(3) Use Attachment 5 for efficiencies. These
efficiencies in Attachment 5 are for counting
at 1 1/4 inches between the container (at
the collimator) and the detector edge with
the collimator centered on the center of the
detector. To get efficiencies for one foot
divide the 1 1/4 inch efficiencies by 116.

To get three foot efficiencies, divide the 1
1/4 inch efficiencies by 1208.

(4) Use Attachment 6 for instructions to perform
calculations manually if the computer is not
available.

(5) If the RCS sampling system is needed to
collect another sample, the sample which
has been counted will be flushed out of
the bomb when the next sample is to be
recirculated.
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SR-92 0.50000 162.400 1383.94
— R —i—— 0422100 — 1?21 é 00—~ 1834 .00 —

Attachment &4



AEEXRRRA%%  EFFICIENCIES FOR GEOMETRY

40 ML,STEEL + LEAD,COLLIMATED,1.25 INCHES

30 DETECTOR 1 REERERENNS

e - —— ————— . e

TTT107T10141E<00 71,837E-08 2,794E-00 ALOU3E-OR "S,4U7E-08 7.440E--08° 1,003E=07 T 172B4E-07 1.4813E-07 " 1.991E-07 ~
20 2.414E-07 2,890E-07 3,412E-07 3.904E-07 A4,4603E-07 G.270€-07 S.983E-07 &6.741E-07 7.547E-07 B8.303E-07
30 9.264E-07 1.01DE-06 1.,113E-06 1.212E-06 1.313E-06 1.410E-08 1,524E-04 1.433E-04 1,745E-046 1.BSUE-04
A0 T 1.973E-046  2.089E-06 2.206E-08 2.32TE-06 2.444E-04 2,.%44E-04 2.60AE-0472,005F-08 22.925E-048" I.044E-05
50 3.14646E-08 3J.204E-06 3.404E-04 3I.525E-046 3J,46A3E-08 3I.781E-086 3I,B77E-08 3I.9P2E-06 A.107E-08 4A,.220E-06
60 A, 331C-08 A.442E-06 A.551E-08 A4D5DE-08 4,744E-06 A,.D4BE-08 4,.970E-086 S.071E-08 S.170E-08 S5.247€-04
=70 T O.362E~068  S.456E-06 L.54A7E-04 G.637E-08  3J.720E-08 S.010E-06° J.0%49E-04 " S.774F <08 4.056E-08  A.134FE-04
B0 &6.210E~06 6.204E-06 4.357E-06 6b.427E-08 S.4956-08 6L.541E~08 A.,428E-06 4,400 -085 &.749E-06 S.U00F -04
90 & GESE~06 &6.,920E~06 6.973E~086 7.024E~086 7.074E-048 7.122E-08 7.180E-08 7.210[-048 7.25%E~-08 7.2946E-04
TT100777.330E-06 TT7.373E-06 7.407E-06 T 7.443E-08 7.476E-06 7.507E-087 7.537E-04" "7.5S44E-04 7.592E-08 7.418HE-06
110 7.642E~06 7.6465E-086 7.40B8E-08 7.706E-06 7.724C-048 7.742E-08 7.750E-08 7.772E-0&6 7.706E-08 7.790E-06
120 7.010E-06 7.B20E-04 7.0200-06 7.B34E-06 7.043E-08 7.0476-06 7.853E-04 7.857E-04 7.040E-04 7.061E-06
130~ 7.862E~08 ~7.BATE~06 7.081C-08 7.8B59E-04 7.0585L-06 7.052E-08 7.DMIE-04 ~7.812C 04 7.D34E-08  7.B27F -04
140 7.822E~06 7.013E-06 7.t04C-06 7.7P5E~086 7.7040-08 7.7730L~06 72.741E-06 7.749E-08 7.734E-04 7,723F -04
150 7.709E-06 7.694E-08 7.46770-08 7.6463E-08 7.847E-06 7.620E-08 7.613C~08 7.599F 08 7.577E-08 7.557¢-06
=140 7.540E~06 - 7.520E~04 7.N00E~04  7.AN0E-08 7.440E-08 7.A39E-08 7.417E-087.395C-04 7.374E-08 7.351E-04
170 "7,329E-086 7.3086E-06 7.203C-08 7.259E-04 7.238E-08 7.212C-08 7.187E-06 7.143-04 7.130E-08 7.113F -04
180 7.0BBE-06 7.043E-06 7.037E-08 7.011E-08 &.90%E-08 6.959E-08 &6.933E-08 6.907E-06 6.000C-08 6.0531-06
—190 " 6.,B27E~06 6.000E-08 S.773L-08 6.745E-08 b.718E-08 6.491E-08 6.6463E-08"6.6381 06 &.400E-04 4&.5001 048
200 6.552E~086 4.D2GE-06 b.AVTE-06 S.AAVE-06 S.AAIE-08 S.A12E-08 S.3NIE-08 6.3551 08 &.370BF 08 6.300F 04
210 W271E-06 2A3E~06  6.210E-06 6.107E-08 6.100BE-08 6.130E-06 6.1026-08 6.073E- 08 6.045E 08 6.0170-06

2207 5.900E-08 " 5,940E-06 S.932E-06 T.904E-08 S,079E-08" T.047E-06" B.BIYE-06"N.721F-08 G.743E-04 B.735C-06

230 S5.707E-08 5.679CE-06 OS.651E-06 S.623E-08 5.59G6-086 S5.546E-08 S.540E-08 5. '2E-08 S.A0N5E-04 S.4576-064

240 5,430E-06 D.402E-06 S.3I75E-08 OS5.346E-06 S,321E-06 5.293E-08 5.264E-08 S5.25. 04 +Q213E-046 S.1J4E-06

T2507 U.159E-06  5.007E~06 G.063E-08 S5.039E-08 T.0146E-08 A.993E-06 A.970E-048 ~ 4.947F .. 4.975E -04 A4.903F -04

260 4.,080E-06 A.DS9E-046 A4.0370-06 A,615E-06 A,774C-086 A4.773FE~06 A.752€E-08 4.7310-0A 4.711E 04 A4.A701 -04
270 A4,670E-06 A4.,4650E-06 A4.630E-06 A4.410E-06 A.591E-08 A4,571E-08 A4.552E-06 4.533F-05 4.95145-08 4.4951 -04 -
gfﬂ' T 260 " A,A77E-06 A4,450E-06 A,440E-06 AL422E~08  A4.404C-086 A4,304E-08 A4,.34DE-08 T A4,3S50E-085 4.333E-06  4.318E-04 é’
2 S 290 A,299E-04 A4.282E-06 4.260E-04 A4,240E-08 A4.231E-08 A.Q215E-086 A.1PDE-04 A, IBVE-06 4.164E-086 A, 1%0E-06 .
0 100 A.134E-06 4.,118BE-06 A4,103E~0& A4,0087E-06 A.072E-06 A.056E-06 A4,041E-04 A4.024E 04 A.011E-08 3I.994F 064 E:
= g' ~310 " 3.,902E~-06 3,987E-04 3.953L-06 I, 930E-06 3I.P924C-04 3I.910F-04 I.0P4E-06 " J.ON7E-086 I.O0LNE-06 3,054F-08 o
m - 320 3.040E-04 3.027E-06 3.,013C-08 3.800E-04 3JI.704E-06 I 773E-086 3I.7400C-08 3.7471-04 3.734C-06 3.721E-06 &
& 3 330 3.709E-06 3.496E-06 3.603E-06 J.E71E-06 3I.6UNE-06 I LALAE-08 J.6341:-08 3I.4220 06 3.410C-04 3.5700-046 §-
o T340 7" 3.506E-06 "~ 3.574E-06 3.UA2E-06 JI.ONOE-06  I.SIVE-06 ILLU27E-08 3. T18E-06 3, 504C-08 C 3,493E-084" 3,402F-06 o

350 3.471E-06 3,440E-06 3,449E-06 3I.A30E-06 I,A27E-06 3.4146E-08 3I,A05E-04 I.394E-04 3I.IN4E-08 3I.373C-04
360 3.363E-06 3.352E-04 3I.34DE-06 3I.3I2E-04 I, I2E-08 3I.Ii2E-06 3ILI01E-06 I.271E-06 3I.201E-06 3.222C-06

© 370 3.262E-06 3,252E~06 3I.242(-08 3I,233E-08 3,.223E-06 «213E-06 3J.2049E-04 ~ 3L 195E-04 J.1U0GL-06 3J.174E 04
380 3,147E-046 3.157E-0& 3.14BE-046 3.139E-06 3J.130E-06 3, 121E-08 3.112E-04 3,103F-046 3I.094E-08 3.008F 04
390 3.,077E-06 3,04BE-08 3.060E-08 3.051E-086 3I.042E-04 3.034E~06 3I,024E-04 3I.0176-04 3I.00YE-08 3.001E-04

TA00 2,992E-06 2,904E-08 2,976E-06 2.940E-08 2.940E-06 2.952C-08 2,744C-04 2.934F 08 2.970E-08 2.9700-06

- 410 2.,912E-06 2,9056-06 2.897E-06 2.809E-06 2.AB2E-08 2.0874E-048 2.044E-04 2.0857E-06 2.051E-04 2.8445-064
A20 2.8376-06 2.,029E-06 2.822E-06 2.015E-086 2,807C-084 2.000E-04 2,793E-08 2,784E-08 2.779E-08 2.7272€E-04

43077 2,765E-06 2,750E-08 2.751E~-08 2.744L-06  2,737E-06 2.730CE-06 ° 2,7241-08 “2.717C-04 2.7106-08 2,703FE-04
440 2.697E-06 2.4970F-06 2,6U3E-06 2,677E-086 2.470C-08 2.6HAF-08 D AG/E-08 D.ALIE-04 2.8 -06 D.4ME 08
450 2.632E-06 2,626E-06 2.8619E-06 2,613E-06 2,807E-06 2.,601E-06 2.5950-08 2.5000-08 2.5020-08 2.5740 04

—460--2.570E-08 2.564E-06 2,550C-08 2D.SS2E-08 2.547E-04 2,541E-08 2,535E-04 - 2.529E-08 2.5230-08 ' 2.517¢ 04 -
A70  2.512E-06 2.,508E-06 2.500E-06 2,4950-06 2.409E-08 2.403E-08 2.,47(E-08 2.4720-08 D2.,487E-046 2,461F %4




% jJo 7 @8eg
¢ JuaWyOeIIY

—KEY

AD0 2.A54E-06
490 2.,402E-06

"R.351E-06 -
%10 2.302E-06
520 2.2548E-046
2.211E-04
940 2.1460E-06
550 2,127E-04
~2.,0B7E~04
570 2.,049€£-046
580 2.,012E-06
=590 1.977E-06
400 1.943E-04
410 1.910E~048
—1.B870E-064
630 1.048BE-06
640 1.810E-06
- 650 —1.790E~04
&40 1.7262E-06
670 1.734E-06
=400 ~1.710E~04
690 1.60%5E-06
700. 1.46461E-06
= 710 —1,4637E-0/
720 1.614E-08
730 1.5S922E-068
=740 " 1.,571E-06
750 1.550E-04
740 1.530E-06
=770 “1,510E-04
780 1.491E-06
790 1.,472E-06
=000 —1.4A54E-06
010 1.437E-06
820 1.419E-046
- 030 1.403FE-06
040 1 s366E~D6
tHS50 1.371E-08
=840 ~1.355L-06
0870 1.3540E-06
8680 1,325E-06
6v0 1.311£-06
900 1.297E-06
. 910 «8312-04
~-920 " 1.270E-06
930 1.257eE-04

— 400

- 530

%60

— 420

2,434E-06
2.387E-06

2.331E-06
2.283E-04
2.,237€-06
2.193E-06
2.101E~06
2.110E-06
2,071E-04
2.,034E-046
1.998E-06
1.943C-08
1.930E-06
1.U97E-06
“1.044E-04
1.034E~-06
1.807E-06
1.779E-06
1.7526-064

2.A50E-08
2.397E-06

‘.3465-06
2.290E-J04
2.251E-06
2., 04E-06
2, 1564E-06
2.122E-04
2.,003E~06
2.045E-06
200095'05
1.973£-06
1.939E~04
1.907E~06
1.875E-06

2.445E-04
2.392E-06

203.‘5‘06
2.2931E~04

2.439E-06
2.387E-06

2.334E-06"
2.280E-06
2.242E-06
2.,190E-06
2.1L5E-06
2.“‘&‘06
2.075E-06
2.030E~-06
2.,001E-06
1.966E-06
1.933-06
1.90°E°06
1.849E-06
1.039E-04
1.010E-06
1.762E-06
1'754E‘°6
1.720E~06
1.702E-06 -
1.670E-06
1.454E-06
1.,4630E-06
1.600E~-06
1.58464E-04
1.545E~-08
1.544E-04
1.524E-04
1.504E-04
lo‘“ﬁ[“oé
1.,4467E~06
1.,449E-04
1.431E~-06
1.414E-06
1.3790L-048
1.302E-048
1.366E-068
1.351E-06
1.334E-06
1.321E-06
1.307E-06
1.293E-06
1.279E-04
1.244E-06
1.253E-06

2,429E-06
2,376E-04
2.326E-046
2.279E-06
2,2332-06
2.1N7E-048
20“75’06
2.,1076-06
“2.,040E-06
2.M30E-06
1.994E£-06
1.240C0-054 "
I.VQAL-OS
1.094E-08
1.863E-06
1.,833E-06
1.004E-04
1.776E-06
1.74%L-04
1.723E-06
1.497E~-06
1.673E-06
1.647E-06
1.626E-06 -
1.603E-06
1.501E-08
1.540E-04
1.540E€-06
1.520E-068
1.5005‘06
1.407E-06
1.4563E-04
1.495E-06 -
‘0‘:05‘0‘
1.411E-04
1.37201-06
1.3701-06
1.34631°-06
“1.340LE-06
1.333E-04
1.318BE-06
1.304L-06
1.,290E-06
1.2746E-06
1.,263E-06
1.250E-4

2.4A23E-06
2.371E-04

2:322E~08 —2:317E-06
2.274E-04 2.269E-06
2.220E-06 2.224E-C6
2.105%E-08 ~ 2.1800-04
2.,1435L-06
2.108.-06
“2.064E-04  2.040C-08
2,023E-06
1.987E-06
1.951E 04
1.2200L -04
1.00081 08
1.840E-048 1.U57E-06
1.027E-04
1.790E-06
“14773E-04" 1.771E-04
‘o746['°6
1.720E-048
1.495E-08 " 1.,472E-068
1.470E-04
1.4644E-04
1.823E-08 “1,621E -06
1.601E~-04
1.579E-04

2.410E-06

2:,202E~06
2,157E-06
2.,110C-06
2.079E-06
2,041E-04
2.005L-04
1.970E-06
1.9346L-06
1.904E-06
1.872E-06
1.042E-06
1.013E-06
1.7045-06
1.757€E-06
1.730C-06
1.705E-06
1.600E-06
1.654E~-06
1.633E-06
1.610E-04
1.500E-08
“1.5467E-06
1.544E-04
1.526E-06
1.504E-04
1,4076-046
1.,4469C~06
1.451E-06
1.,A33E-06
1.4146E-06
1.399C-064
1.303E~-06
1,84 /E-064
1.352E-068
1.337E~-06
1.322E-06
1.300E-06
1.294E-06
1.280E-06
1.267E-06
1.254E-04

2.027E-06
l.??lE‘OA
1.956E-06
1.2235E-048
‘50?,['06

1.830E-06
1.015E-06 1.001E-04
1.707E-06
1.7260E-06
1.,733E-06
1.707€E-06
1.6H2E-06
1.4650E-06
1.435E~-06
1.612E~-06
1.590E-064
1.589E-068
1.540E-06
‘oS:BE’Ob
1,500E-06
1.409E-06
1.471c~046
1.,452E~-06
1.435E-06
1.410E-06
1.,401E~04
1.3056-06
1.,349E-0A
l.]bQE'O&
10339E’06
1.324E-064
1.309E-04
102935“06
1.,202E-04
1.,2460E-06
1.255E-06

1.744E-06
1.718E-06
1.700E-06
1.675E~06
1.651E-06
1.620E-04
1.,805E-06
1.504L-04
“1.542E-06 -
1.542E-04
1.,522€6-04
1.,5021-06
1.,403E-04
lt‘éﬁf’Ob
1.447C-04
1.430E-04
1.413E-06
1539AE‘05
1.300E-06
1.344E-04
1.349E-06
1.334E-06
1.319E-06
1.,30UE-048
1.271E-06
1.27BE-04

1.660E-06
1.644E- 04

1.599C -04
1.8776E-06
"1.550E-04""1.,554C-06
1.534E-068
1.514E-04
1.4990-046 - 1.4970-04
1.,48600L-06
1,441E-08

1.530E-06
1,518CL-04

1.470C-04
1.440E-06
1.494E-048 —1.,4420-04
1.424E-06
1.409E-046
1.323E-04
1.377E-04
1.341E-04
1.344€E-06 " 1.34%C-06
1.330C-04
1.315E~-04
1.301E 04
1.207E-04
1.274€E-04
«282E-068 - 1:261E-04
1.240E-06

1.425E~0¢8
1.40BE-06
1.321F 04

1.340E 04

1.331E-06
1.3176-06
1.307E-04
1,20YE-06
1.275E-04

1.252E-04 1.249E-04

2.,413E-04

2.407E-04

2,381E-04 2.354E-04

2.265E-04
2.220E-04
2.174E-06
20 l.lqu«Ob
2.0"‘.“’. -06

2.0%4E-06

2.017C-06
1.904L-04
1.9.,0E-04
1.9146C-068
1.000LE-06
1.B54E-06
1.024E-04
1.794E-06
1.7460E -04
1.741E- 04
1.715E£~08
1.690E-06
1.645E-06
1.442E-06
1.417E-06
1.5976-06
l.SISE-Ob
1.554E-04
1.534E-06
1.514€-06
1.495F -08
i.47AE -04
1.450E-04

‘.“OE-OA

1.423E-04
1.404E-04
1.3901 -06
1.3741-04
1.300-08
1.343E-06
1.328E-04
1.314E-04
1.300L -04
1.208E-04
1.272E-06
‘.25?5‘06
1.2445F-94

“2+312E-04 - 2.307E-08
2.240E-04
2.215E-06
2.,172€-04
2.131E-064
2.091L 08
2.053E-06
2.014E-04
1.900€-048
* 1+72%4c-04

1.913E-04

1.802€-04

" 1.8%1E-06

l.D?IE-Oé
1.793E-04

-‘9765£“06

1.730E -08
1.712C -06
1.6R7E-06
1.8643E -06
1.43%FE 06

T1.8617F-06

1.591E-06
1.573E-04

T 1.552C-06

1.532E-06
1.5126-04

1.4930 04

1.4746-08
1.454E-06
1.430L-068
1.421E-06
1.404E-04
1.30080 04
1.372F 06
1.357¢6 -06
1.3427E 0%
1.327¢e-06
1.3126 04

1.298F -04
1.20%E-064
1.271E-04
1.250E-06 -

1.245r-048

91
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940 1.244E-06
950 1.231E-04

“— 940 "1.219E~04

$70 1.207E-06
980 1.194E-04

990 ~1.104E-06
1000 1.173E-06

1010 1.1626-06

1020 —1.151E-06

1030 1.141E-04

1040 1.130E-06
~-1050~ 14 120E~06
1060  1.1106-06

1070 1,101E-06
~1630 “1,091E-06
1090 1.002E-06

1100 1.,073E-04
1110 “1.064E-06
1120 1.055E-06

1130 1.044E-04

= 1140 " 1.030E-06
1150 1.029E-046

1140 1.021E-08

~1170 - 1.013E-06

1160 1.005E-06

11200 9.92746L-07

~ 1200 9.900£-07
1210 9.825E-07

1220 9.752E-07
—1230 - 9.4H0E-07
1240 9.609E-07

1250 9.539E-07

— 1260 ~ 9.470C-07
1270 9.403E-07

1200 9.338E-07

U 2> 1290 7 9.271E+07
o 1300 9.204E~-07

® % 1310 9.143E-07
W & —1320—9,081E-07 "
o A 1330 9.020E-07
m S 1340 8.959E-07
7 1350 B.900E-07
U 1340 B.841E-07
1370 D.784E-07

~1300 8.727£-07

1390 B8.471E-07

1400 B.616E~-07
~1410- B.542E~-07

1420 8,500E~07

1430 0.A50E-07

~1440 0.404E~-07

1450 8.3526-07

1440 B.302-07

1470 P 2050 0F

1430 B.203E-07

__KEV

1.243E-08
1.230E-06
" 1.,218E-06
1.208E-06
1.194E-06

“T1.,103E-06

1.172E-06
1.1461E~06
1.150E~-06
1.140E-06
1.,129E-06
~1+119E-06
1.109E-06
1.,100E-06
1,090E-06
1.001E-06
1.072E~-06
~1.0863C-04
1.054L-046
1,045E-06
"1.037E-06
1.029E-06
1.020E-04
1,012E-06
1.005E~-06
90960E'07
?.893E-07
?.818E~-07
9.743E~07
9.672E~07
9.402E-07
9.532E-07
9.4863E-07
?.396E-07
9.329E-07
Q84E-07
90 :‘005-07
?:137E-07
?.0756-07
?.013E-07
B8.953C-07
8.094E-07
8.635E-07
8.770E-07
8.721E-07
8.645E-07
B8.610E-07
8.554E~07
8.503E-07
804ﬁ0£‘°7
0.390E~-07
8.347E-07
129 75‘07
.41 o7z
0.1708-07

1.241E-04
1.,229E-04

1:217€-06

1.,205E~06
1.193E~:§
1.182E~. 8
1.171E-06
1.140E~064
1.147E-04
1.139E-06
1.,120E-06
1.110E-04
1.1060E-04
1.097(-06
1.087E-04
1,000E-04
1.071E-06
1.,062E-064
1.053E-06
1.04A5E-04
1.034C-06
1.026C-04
1.020E-06

“1.012E-064

1.004E-04
?.9461E-07
?.005E~-07
?.810€~-07
9.737E-07
?.4465E-07
?.574E-07
9.520NE-07
P45AE-07
9.389E-07
9.3231-07
?.25%81£-07
9.124E-07
?.131E-07
9. 04°E~07
2.007E~-07
8.947E-07
8.8000E-07
8.830E-07
0.7722£-07
0.714E-07
B8.440E-07
B8.605E-07
0.551E-07
0.4%70E-07
B.445E-07
0.393E-07
8034?5'07
8.292E-07
n,sa’t o’
0,128t -07

1.240E-04
1.220E-068
1.214E-06
1.,204E-04
1.192E-04
1.181E-06
1.170E-06
1.159E-06
1.140E-06
1.130E-06
1.1276-06
1.117E-06
1.107CL-06
1.096E-06

1.239E-06

..¢6E 04
214C-06
lo202E-06
1.,191E-06
1,100E-04
1.1400E-04
1.150E~-06

“1.147C-06

1.080GE-06 -

1.079E-06
1.070E-06
1.041E-04
1.052E-06
1.044C-06

1.134E-06
1.128E-06
1.114E-06
1.1046E-06
1.,097E-06
1.087E-06
1.070E-04
1,069E-06

“1.,0460L-06

1.,035E-06 -

1.027E-06
1.019E-04
1.011E-06
1.003L-08
9.953C-07

?.8727E-07 -

9.803E-07
9.730E-07

* 9.8650E-07

?.507E-07
?.518E-07
P.450E-07
9.302E-07
?.316E-07
?.251E-07
?.187E-07
9.124E-07
?.042E-07
9.001E-07
0.%41£-07
8.002E~07
8.024E-07
8.7676-07
8.710E-07
B.454E~07
8.400E~07
8.,%44E-07
0.492E-07
B.,440E-07
0.300E-07
8.337E-07
8.207E-07
N821 02
. 1008 -07

1.051E-04
1.,013E-06
1,034C-06
1.026E-06
1.010E-06
1.,010E-04
1,0020-06
P.944E-07
?.070E-07
?.794E-07
9.7232-07

?.451E-07 -

?.500E-07
?.511E-07
?.443E-07
9.374E-07
?.310E-07
9.245C-07
?.101E-07
9.118E-07
9.058E-07
B8.975C-07
8.935E-07
0.U74E-07
0.018€-07
8.741E-07
8.704E-07
B.4649E-07
8.594€E-07
B8.540C-07
0.407E-07
B.43%E-07
0.303E-07
8.3326~-07
B.202E-07
H. 20002

n.inar-02

‘1.238£—06

. —— e
.

1.234E-06 1.235E-06

1.,225E-06 1.224E-04 1.223E-04
T 1.213E-086"1:212E-06 T1.211E-08
1.201E-06 1.200E-08 1.,199E-04a
1.190E-04 1.189E-06 1.187E-04"
1.,170E-08 ~ 1.177E-06 "1 .,176E 04,
1.147E-06 1.164E-046 1.146LE-04
1.,1546E~06 1.,1055F~06 1.154F-04
1.144E-06 1.145E-048 " 1.1440 048
1.,135E-06 1.134E-04 1.,133E-06
1.,125E-06 1.129E-086 1.,123E-06
1115E-08 1.114E-04--1,113E-04
1,10E-046 1.,104E-08 1.104E-06
1.,0946E-06 1.095E~06 1.074F-04
1.,006E-08 " 1.008E-04 ~1.005%E-06
1.077E-06 1.,074E-04 1.075E-04
1.040E-06 1,047E-04 1.044E-C6H
1,059E-046 " 1.050E~-046 ~ 1.0%0E-08
1.051E-08 1.050E-04 1.04%Y0C 04
1,032E-08 1,041E-08 1.040F -04
“1.,034E-08 " 1,033E-06 1.032C-04
1,0295E-08 1.025E-06 1.024L-04
1.017E~-06 1.015E-08 1.0140-04
1,002E-06"-1,0008E~04 —1.000L~-04
1.001E-046 1.001E-08 9.99%E-07
9.930C-07 9.9230E-07 9.923€ 07
?.083E-07 © 9.055C-07 ~92.040L 07
?.708E-07 9.7B1E-07 9.774€-07
P.71LE-07 9.,700E-07 9.,701E-02
9.644E-07 ~9,46376-07 ~9.430L-07
PG73E~07 9.5467E-07 9.0450L-07
?+504E-07 9.497E-07 9.471E-0?7
P ATLE-O07 ~ 9.429E-07 T 9.423E-07
P.34E-07 9.343E-07 9.354E-07
?.303E-07 9.297E-07 9.290E-07
T 2I30E-07 " 9,2IZE~QT " V. 225E-07
.1 70E-07 9.140E-07 9.1626-07
P?.112E-07 9,108E-07 9.0971 -07
?.050E-07 - 9.044C~-07 ~9.038E -07
8.909E-07 B.903E-07 B.977E-07
8.929€E-07 B.,923E-07 B.917E-07
0.070C-07 0,045E-07 0.0L9E-07
8.0I12E-07 ©.B07E-07 B6.001C-07
755E-07 0.749E-07 0.74A1-07
0.4699E-07 0,4693E-07 "~ B.68HE-07
B8.443E-07 B.63DE-07 0.432E-07
B.509E~-07 B8.583E-07 8.570E-07
0.53%E-07 0.929E-07"0.524E-07
0.4U?E‘°7 8.476E'07 8.47‘5‘0’
B.,429E-07 0.424£-07 0.417E-07
D.370E-07 0.,373C-07 " 0.384E-07
0.327E-07 B8,322E-07 B.317E-07
0.277E-07 B8,272E-07 B.2476-07
N.227F-02 N.228-02 A0 02
Hoe1/726-07 B.174F 07 D,1420 <02

o rea

1.234: os
227604
l 3 0E-b4

.aﬁgg-o&

i 175¢ 08!
116490 -04
1.1536-04
1,145 -064
1.1326-04
1.122E-04
1.1126-04
1.1036-04
1.093E-04
1.084E-04
1.074E-04
1.065E-04

L
1:233C-06
1.270F-06
1.200F-04
1.1976,064

L0508

“1.179F-04

T 1143 08

1.057E-048

1.04NE-04
1.039E-04

" 1.031E-04

1.023E-06
1,01%56-04

9292807
?.Y1LE-07

9.040E-07 -

9.768E-07
9.474€-07
?.4250-07
9.553€-07
?.484E-07
7.414E-07
9.349E-07
9.204E-07
?.219€-07
P.154E-07
F.093E- 07
?.032E-07
8.971E-07
8,912E~-07
n.85%3E-07
8.79%E-07
8.730E-07
0D.402E-07
8.627E-07
0.572€-07
8.519E-07
0.44460L-07
D.414E-07
0.343E-07
8.312E-07
0.2426-07
N2 8F 02
B.7490 02

1.152E-06
1.142E-04
1.131E-06
1.121E-06
1.111F-06
1.102E-06
1.092E-06
1.003€-04
1.074E-06
1.06%E-06
1.054F-06
1.047¢ - 068
1.0391 -06
1.030E-04
1.0220-06
!.014(-06
‘oOObE‘Ob
?.90V 07
?2.900F-07
?.033C-07
9. 75%E-07
?.687C-07
9.61460-07
9.546E-07
9"775‘07

T9.407E-07

,IJ‘BE-07
9.277e-07
9.2136-07
149 -07
g.0871 -07
9.026E-07
B.745E-07
8.904E-07
B.0V7E-07
8.707¢€-07
8.733e-07
0.677€-07
8.621€-07
8.547€E-07

" B.513E-07

B8.441E-07
H,40%€-07
0.357e-07
#8.307E-07
8.2576-07
n."om o7
N 1L o

C'70°0S81 Qv



L

e - —

KEV \
"1&70“011:58‘07"0:1308“07"0;1ASE'O7"BF140:‘07"87116!'07—’87131C=07“8?1265'07"877?1E=07"871165307‘“0:1l?t-OT'
1500 0.1076-07 08.102€-07 6,09RE-07 0.093E-07 B.00RE-07" D.0N3E-07 B.079E-07 0.074E-07 0,087€-07 0,045C-07
i%10 0.0606-0? 0,053E-07 B8,051E-07 0.044E-07 0.041C-07 0.017E-07 8,0326-07 B.027E-07 0,021E-07 0,010¢-07
c=1270 * D,013E=07 " 0,009E-07 ~B.004E-07 " 0. 000C~07—7 975607 — 7,99 1E+07— 7 PD6E=07 —73FU1L~07""7,977C-07 = 7. 97-C - 07
1530 7.94BE-07 7.943E-07 2.957€-07 7.954E-07 7,7L0E-07 7.94%6-07 7.941E-07 7.934E-07 7,7)12€-07 7.9276-07
1520 7.923£-07 7.9106-07 7.914E=07 7,909E€-07 7,903E-07 7. 9006-07 7.074F~07 7.071E-07 7.,007E-07 7.007€-07
—jex0 7.070C=07 * 7.074C=07 * 7.0476-07 7.04%E-07 * 7. N4OE-07 2 054E=07 " 7.052E=-07 = 7.MA7E-07  7.043C=07 * 7,030 -07
1540 7.0349€E~07 2.,A30C-07 2.012LE-07 72.,021E-07 7.017E-07 7.,012E-07 7.000E-07 2.00C=07 7297607 7.7750-07
1970 . 7.791E-07 7.70AE=07 7.,702E-07 7.,770F=07 7.774C-07 7,749E-07 7.745E=07 7.74\C-07 7.25AC-07 7,750 -07
- 1u00  7.74DE-07 © 7.743E=07 7,74YE-07 7.7]LL-07  7.741E-07 2.792E-07 = 7.70UE=07=7,710E=07  7,714E~07 ' 7,710C-07 "
1590 7.704E-07 7.701E-07 7,697E-07 7.493E-07 7,807E-07 7.L0%E-07 2.L00E=07 7.874E-07 7.872E-07 7.4A0C-07
1500 7.664E-07 7.660E-07 7,83GE-07 7.8G1E=07 7.,447€-07 7,443E-07 7 437E=07 7.63I5E-07 7.801E=-07 7.827€-07
1810 - 7.633E=07 = 7,810E-07 * 7,A14C=07 ~7.,410E-07 “7iA04LE-07 * 7,402E-07 - 7.870C-07 = 7.374C-07  7,%Y0E=07 = 7,504¢-07

1470 7.500E=07 7.570E-07 7,574C=07 7.570E-07 7.544E-07 7.542F-07 7.5906-07 7.5540-07 7.550E=07 7.5A44F-07
1530 7.5A26=07 7.530E=07 7.5J4E-07 7.530E-07 7,504E-07 7.5220-07 7.5106=07 7.5146-07 7.510E-07 ' 7.504£-07
— 440" 7.502E=07 ~'7 APGE~07 ~ 7,494E=07 * 7,470E-07" 7. ANAE=07 ~7.AD2C=07 ~7,47DE=07 ~"7,4756-07 “7.,471E-07 " 7,4475-07
1450 7.463E-07 7.457E-07 7.455E-07 7.431E-07 7,447E-07 7.443E-07 7.440E=07 7.A34C-07 | 7,4326-07 7.420L-07
1480 7.424E-07 7.420E-07 7.414E-07 7.413E-07 7,409C-07 7.405€-07 7.401E-07 7.377E-07 7.394E-07 7.3700-07
~1470-7.304E=07 = 7.3IN2E=0? 3 370E-07" ~7,375E=07" 2.321E~07=7,367E-07 =7, I4IE-07 =7, JIVE-07 *~ 7,I%4E-07 = 7, 3520 -07
1800 7.34UE=07 7.344E=07 7.341E-07 7.337€-07 7,33IE-07 7.329E-07 7.324E-07 7.3226-07 '7.3I0E-07  7.31u0 =07
1890 7.311E-07 7.307E-07 7.304C-07 7.300E-07 7.294L-07 7,2920-07 7.2056-07 7.205E-07 2.201E-07  7.220E-07
-1700~ 3 A7AE-07 = 24370€-07 7+ 267E-07"" 7, 243C-07 " 7, 257E~07 ~* 7, 256L~07 *=7,252€-07"7, 247£ ~07 = 7.24%£-07 ~7,241C-07
1710 7.230E=07 7.234E-07 7,230£-07 7.227E-07 7,223E-07 7,220E-07 2.2186-07 7.2126-07 7.209€-07 7.205%(-07
1720 ' 7.202E-07 7,19BE=07 7.19SE=07 7.171I-07 7,107E-07 7.104E-07 7.1006~07 7.177E-07 7.173E-07 7.1200-07
—1730 = 7:186E=07 *2.143E~07 <7.109E-07 P 1S6E=07 74 182E=07 & 7+ 149E-07, =7 145407 74 142E-07 " 7,1 I0E-07 = 7, 13%E-07
1720 7.131E6-07 7.1206-07 7.124E-07 7.121E-07 7.1176-07 7.114E-07 7,110E-07 7.1076-07 7.103E=07 7,100 -07
1750 7.094E=07 7.093E-07 7.090E-07 7.004E-07 7.003E-07 7.079€-07 7.074C=07 7.0722C€-07 7.049C=07 7.04AL-07

v 3o 4 a8eq

‘1760"7.063€°07"7.05?5-07"7.0355-07 '?nOS?E'O7"7oOJUE-O7"7-04:C‘°7"7504?5-07'—7.03“[-07[‘7.035(-07"7.03?F~07‘”
1770. 7.020E~07 2.,025E-07 7.0216-07 7.010E~07 7.015E-07 7.011E~07 7.,000E-07 7.00LE-07 7.001E-07 4.990E-07
1700 &.795E~07 4.991E-07 4.900E=07 &6.905E-07 &8.Y01E-07 8.,970E-07 &.975E~07 &.971E-07 4.760E-07 4.94%E-07
17907 8,942E~07 4.,950E-07 “ & WONE=07  8.992E-07 T 8.940E-07 ° 6.94%E-07 ° 4:940E-07 —4,937E-07 P 8.9VIE-07 T 6,73°E-07

5. 1000 b.,929E-07 b6.924E~07 &4.,922E-07 6.219E-07 4.918C=07 &6.913E-07 4.907C-07 &.705E-07 &4.9703C-07 6.9001-07

. 010 6.096E-07 6.093E-07 4,0706-07 4.007E-07 4.004E-07 4.,000C~07 6.077€E-07 4.074C-07 4.071E-07 6.HLHF-UIES

O 1020~ 4.B64E-07 ~4.061E~07 - 4,0%0E-07 =~ 6.,055E~07 = 4,032E-07 ~ 6.0495—07”’6.0435-07"6604?[-07“6."3?5*07“ &.NVAE-QT

o 1030 4.033E-07 &.B30E-07 4.024E-07 6.,023E-07 4.0206-07 46.817€-07 . 4.814E-07 &.011E-07 4&.,B0DE-07 6.005E-07 »

5 1040 &.D01E-07 &4.790CE-07 4. 795E~07 6.792E-07 4.70%E-07 8. 7NLE-07 &.,783E-07 &.700E-07 64.777€-07 8.774C-07 (n

3 xUbO"6.77OE—07"6.767E-07"A.764E-O7 © 8.7L1E=07~ 8.730E-07 6.75%E-07 ~8,752E~07—4.7470-07 " 8,744E~07 " 4,7A3E-07 ©

M 10840 &.740C~07 6.737E-07 b6.734E-07 4.731E-07 &.720E-07 8.72%E-07 &.722E-07 6.717E-07 &.714E-07 8,713 <07 o
w 10720 8.7106=07 4&.707€-07 4.70AC=07 &.701E-07 4.,490C-07 b.895E-07 A.A92E~07 &6,807E-07 6.408E-07 s.603-07 "

“=1000= &.,400E-07 *8.877E~07 " b6.L7AE~07 = 6, 871E~07 ~4.,84DE-07" 6o 885E=07 “8.LL2E~07 6 859C-07 i 8%8E~-07— 8.4853C-07 1
1090 &.450E=07 64.847E-07 4.644E-07 4., 641C-07 A.43INC-07 A,415E-07 6.832E-07 8.82YE-07 &.427E-07 &6.424E-07
1900 6.421E-07 8.810C-07 &.615E-07 4.812E-07 4.,807E-07 &.404F-07 8.803E-07 &.400E-07 4.597E-C7 4.5V5E-07

»19510 * $. S0DE~P" 4.,507E-07 ~ 6.50AE-07 4.503C-07 &,5N0E-07 ° 4.327E-07 6.374E-07" 8.572C~07 " &6.5489E~-07 " 6.5464E-07

*1920 6.563E=07 8.560E-07 6.9457E=07 6,554E-07 4.552C-07 6.549C-07 &.548E-07 4,UA3E-07 46.540E-02 85320 -07
1930 +6.,535E-07 6.532E-07 6. 529E=07 &.526L-07 6.523E-07 4.520C-07 .8.510E-07 4.5156-07 &.517€E-07 6.507C -0

<1940 - 5.,%504C=07 " 8.504E~07 " 6.,501E-07 * 6+.490C~07 " 6,495E~07 L APIE=07 ~ 6, A0E-07 8., 4ANTE-07 " 4.404C-07 ~ 6.4010-N7
19590 6.4796-07 &.474E-07 4.473E-07 £.,A70E-07 b.48NE-07 4,4A5E~07 4.442E-07 §,457C-07 &.A4°7E-07 4S.4LAL-07

U980 A.4AS1E=07 &6.440E-07 b6.446C-07 &.,443E-07 &4.440LE-07 B AINC=07 &.A3ISE=07 6.432C~07 S, 42VE-07  S.,4070 07

1970 4,A24E=07 6.A21E-07 L. A19E-07 S.A14E-07 " 8. A13E-07 ~ 4,410E~07 " 8.,4000=07 = 8.4050~-07 8.A02E-07 - d.A00L -1
1900 8.397E~07 4.3V4E-07 4,3920-07 4.30VE-07 4. 3NAE=07 &.3IN4E~07 &4.301E-07 :.320C~07 &JNLE-07 S.37w 07
1990 ¢ 20C~07 8. GUE-07  6.34LF=02 L. 340 =07  443601I-07  8.3L,7E-07 .40 =07 6.4071-02 4.3 07 & . 07

" 2007 ,AC€-n7  A.MALE-07  4.337E-07 46.3J6E-07 = 4.333E-C $eS31E-07 = 8, J20E-07—4.3248E-07 4.323L-07 &, i s

<



19 AD 1850.04.3

Manual Calculations for Gamma Spectroscopy

Sample No. Description

Sample Date and Time

Counting Date and Time Decay Time min

Volume ml Count Time sec

Detector Geometry

Nuclide Energy kev
C + D

uCi/m = A 3L 2 )

3.7 x 10 xExFxGxHxJ

Where:

Counts in total peak area

Number of channels integrated

Counts in first channel of peak

Counts in last channel of peak

Efficiency for the detector and geomctry used

Volume of sample in milliliters

Gamma abundance of photopeak (decimal fraction)

Decay factor e-At,;. WhereA equals 0.693147 divided by the half life

and ty is the decay time in the same units as the half-life.

(1 - eAty) where tp is the count time in seconds and A is in inverse
seconds. If the count time is less than 10% of the half-
life, simply enter the court time in seconds for "J".
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