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ABSTRACT

This report presents data obtained at Rancho Seco as a part of the
In-Plant Source Term Measurement Program in operating pressurized water
reactors (PWR's). The work was conducted for the Office of Nuclear
Regulatory Research in support of the Effluent Treatment Systems Branch
of the Office of Nuclear Reactor Regulation. The primary objective of
this program is to provide the Nuclear Regulatory Commission (NRC)
with operational data that can be used in evaluation of plant designs
for liquid and gaseous waste treatment systems.

Data presented were obtained at the Rancho Seco Nuclear Generating
Station, operated by the Sacramento Municipal Utility District (SMUD),
located near Clay Station, California, 35 miles southeast of Sacramento,
California. In-plant measurements were conducted during the time period
from September, 1978 to March, 1979. This plant is the fourth in a
planned series of six operating PWR's to be studied, two from each of
the major PWR vendors. Data from all plants will be combined and inter-
preted to provide a data base for radioisotope inventory in plant
systems, radioactive waste treatment system performance, and source
terms for both liquid and gaseous systems.
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1. INTRODUCTION

1.1 Objectives of the In-Plant Measurement Program

The primary objective of the in-plant source term measurement study
at operating pressurized water reactors (PWR's) is to provide the Nuclear
Regulatory Commission (NRC) with operational data that can be used in
evaluation of plant designs for liquid and gaseous waste treatment
systems. This evaluation requires a knowledge of the sources and
quantities of radioactive waste materials generated at a nuclear power
reactor during normal operation including anticipated operational
occurrences, how these sources vary with plant design, the radioisotope
inventory in plant systems, how radioactive materials move through plant
systems, and radioactive waste treatment system performance.

Specific objectives of the in-plant measurement study are:

1. Obtain data on the inventory of radioisotopes present
(i.e., locations, concentrations, etc.) in operating
reactor plant systems during normal operation and
anticipated operational occurrences.

2. Study radioactive waste treatment system performance
and determine decontamination factors (DF's) for
demineralizers. evaporators, filters, and gaseous
cleanup systems.

3. Obtain data on radioisotope concentrations in fuel pool
waters and perform a tritium balance during refueling.

4. Determine the releases of radioactive materials in the
gaseous and liquid effluents.

5. Estimate annual release of airborne activity from the
auxiliary building ventilation system, process gas system,
and containment buildings.

6. Provide additional source term information so that
the parameters used in calculational models (1) can be
updated as necessary.

Measurements are to be made during the three stages of plant operation
(i.e., power generation prior to refueling, during refueling operations,
and power generation following refueling) so that the data can be used
to estimate equipment performance and radioactivity releases over the
lifetime of a nuclear power plant.
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The In-Plant Source Term Measurement Program is being carried out
by the Idaho National Engineering Laboratory (INEL) and is a joint'
effort involving EG&G Idaho, Inc., and Exxon Nuclear Idaho Company, Inc.
In order to provide a data base for currently operating PWR's, a total
of 6 PWR's were to be studied, 2 from each of the major vendors (Westinghouse,
Combustion Engineering (CE), and Babcock & Wilcox (B&W)). In-plant
measurements were initiated during the summer of 1976. During 1976 and
1977 measurements were made at the Fort Calhoun Station, Blair, Nebraska
(operated by Omaha Public Power District) and at the Zion Station, Zion,
Illinois (operated by Commonwealth Edison Co.). Results of these measurements
are reported in references 2 and 3. From 11/77 through 6/78 measurements
were made at the Turkey Point Power Station (operated by Florida Power
and Light). These measurements were reported in reference 4. Measurements
were made at the Rancho Seco Nuclear Power Station from 9/78 through
3/79. This report provides the results of these measurements.

1.2 Rancho Seco Nuclear Generating Station

1.2.1 In-Plant Measurements at Rancho Seco

The measurement program at Rancho Seco was initiated in
August, 1978. First, sample points and locations in the liquid and
gaseous process streams were selected. This was accomplished by examining
the piping and instrument diagrams (P&ID's) to determine where samples
should be taken, discussing the proposed sample points with plant personnel,
and inspecting the actual systems to verify the efficacy of the sample
points and locations. Results were used to generate a preliminary
measurement plan for the specific studies to be made at Rancho Seco.
The NRC Mobile Laboratory was then moved to Rancho Seco on 8/15/78.
Actual in-plant measurements began on 9/7/78.

During the first 6 weeks of measurements, all of the systems were
sampled and the sample points validated. This included a study of each
sample point to determine purge times adequate to give a consistent
sample. Following this, the preliminary measurement plan was modified
to provide the plan for which all subsequent sampling would follow
(reference 5).

In-plant measurements at Rancho Seco spanned the period 9/7/78 to
3/6/79. Samples from both liquid and gaseous process streams were
collected and analyzed using the procedures described in reference 6.
During this 6-month period, the plant was down for refueling from 11/14/78
to 12/19/78.

1.2.2 Description of the Rancho Seco Nuclear Generating Station

The Rancho Seco Nuclear Generating Station, operated by the
Sacramento Municipal Utility District (SMUD), is located on a dry knoll
of ground near Clay Station, California, 35 miles southeast of Sacramento,
California. The reactor is a 935 MWe pressurized light water reactor
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supplied by Babcock & Wilcox. The unit has a thermal rating of 2770 MW
and commenced operation in 1974. The plant had a number of turbine
troubles during the first years of operation and did not achieve reliable
operation until the second core operation.

.The nuclear unit consists of a pressurized water reactor, reactor
coolant system, secondary system, spent fuel storage pool, and associated
auxiliary fluid systems. The reactor coolant system has two coolant
loops, each with a vertical once through steam generator. The auxiliary
systems are used to charge the reactor coolant system, add makeup water,
purify reactor coolant water, provide chemicals for corrosion inhibition
and reactor control, cool system components and the spent fuel storage
pool, remove residual heat when the reactor is shut down, and provide
for emergency coolant injection.

Figures 1.1 and 1.2 show simplified schematic diagrams of the liquid
and solid systems and the gaseous waste disposal system, respectively,
at Rancho Seco. Piping and Instrument Diagrams (P&ID's), which contain
more details for each system, can be found in Appendix C.

For purposes of measurement, Rancho Seco was divided into two major
systems - liquid and gaseous. The liquid system was subdivided into
five basic subsystems - reactor coolant and letdown system, coolant
radwaste cleanup system, boric acid recovery system, liquid radwaste
system, and spent fuel pit cleanup system. The gaseous system was
subdivided into three basic subsystems - auxiliary building ventilation,
process gas, and containment. Each of these subsystems and the data
obtained are discussed in detail in the following sections of this
report. Sample and data handling procedures are discussed in Appendix
A. Appendix B contains the experimental data.

1.2.3 Plant Data

Wherever possible, plant data were collected to supplement
the measurement data and to help interpret the measurements. Plant
operational data used to characterize samples included the control room
logs, hot lab logs, daily tank level reports, airborne discharge reports,
radwaste operation logs, and discussions with plant personnel.

Information obtained from the control. room log included power
level, reactor coolant flow, reactor coolant temperatures and pressures.
The control room tank level log provided tank levels recorded on a once-
per-day basis. The radwaste operator log provided information on the
operation of the evaporators and demineralizers. The hot lab log provided
the daily radiochemistry results from the Rancho Seco radiochemical
measurements.

The results of radiochemical analyses of reactor coolant samples
performed by plant personnel have been included in a few instances in
this report to provide a more complete understanding of the phenomena
that are being studied.

Plant information pertinent to the in-plant measurements can be
found in Appendix C.
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FIGURE 1 .1
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FIGURE 1.2
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2. SUMMARY AND CONCLUSIONS

2.1 General Plant Operation During In-Plant Measurement Study

Measurements were conducted at Rancho Seco Nuclear Power Station
from 9/7/78 to 3/6/79. The shutdown for refueling was from 11/15/78 to
12/19/78. Shorter unplanned outages occurred on 9/10/78, 9/15/78,
10/15/78, 10/24/78, 11/8/78, 1/2/79, 1/5/79, 1/20/79, and 2/25-28/79.
Figure 2.1 shows the power level for the measurement period.

The plant was divided into the following basic liquid and gaseous
subsystems for measurements:

1. Reactor Coolant and Makeup and Purification System
2. Coolant Radwaste System

3. Boric Acid Evaporator System

4. Miscellaneous Radwaste Evaporator System

5. Spent Fuel Pit

6. Auxiliary Building Ventilation System

7. Gaseous Waste Disposal System

8. Containment Building Atmosphere and Internal Cleanup-System

Each subsystem will be discussed with the important conclusions highlighted
below.

2.2 Reactor Coolant and Makeup and Purification System

The reactor coolant and makeup and purification system consists of
the circulating primary system, the letdown filter and demineralizer,
the makeup filter and makeup tank.

2.2.1 Reactor Coolant

Measurements of the radionuclide concentrations in the reactor
coolant during steady-state conditions have been compared to the predicted
values based on the ANSI N237-1976 (7) model. In general, the predictions
agree well with the measured concentrations, with the predicted fission
product concentrations tending toward the high side and the crud-associated
radionuclides tending to be midway between the results before and after
refueling. Radionuclide spiking was studied for three different shutdowns;
two were hot shutdowns and one the cold shutdown before refueling. In
all three cases the maximum radionuclide concentrations occurred at 7 to
10 hours after shutdown, with the shorter-lived radionuclides spiking
earlier. Figures 3.7-3.14 show the behavior of 131I, 1 3 7 Cs and 58Co for
the 9/10/78, 11/15-16/78, and 1/20/79 spikes, respectively.
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FIGURE 2.1
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2.2.2 Letdown Filter

Samples were taken periodically from the outlet stream of
the letdown filter. These samples were used to provide the DF across
this filter for all of the radionuclides normally detected in the reactor
coolant stream. The DF's found for this filter are not particularly
large, on the order of 1.0 to 2.0, but this does represent a considerable
amount of filtered crud when one considers the total volume filtered
over the course of the measurement period. Table 2.1 lists "best value"
DF's* for selected radionuclides observed in letdown filter inlet and
outlet samples. Table 3.9 provides more detailed results for the steady-
state DF's for this filter system.

2.2.3 Purification Demineralizer

The behavior of the letdown demineralizer (which is a mixed-
bed demineralizer) was studied for both steady-state and spiking conditions.
Table 2.2 lists "best value" DF's for selected radionuclides observed in
purification demineralizer inlet and outlet samples. More detailed
DF's that were determined for this demineralizer were for steady-state
conditions and are presented in Table 3.11. In almost all of the radio-
nuclides studied, the DF increased during spiking in the coolant. This
same phenomenon was reported in the evaluation of the Turkey Point data
(4). It is interesting to note that before the spiking occurs, the
three Cs isotopes nearly always have a DF of 1. During the spike Cs
DF's always increase. The reasoning and the theory to explain this
phenomena are described in section 2.6.4.

2.2.4 Makeup Filter

The makeup filter provided little, if any, removal of crud-
associated radionuclides; however, its primary purpose is for the removal
of resin fines that are released from the demineralizer. Table 2.1
contains "best value" makeup filter DF's for selected radionuclides.
Table 3.13 presents more detailed data for the measured DF's.

* "Best value" DF, defined as the ratio of the average inlet concentration
to the average outlet concentration, is used rather than the average
of the individual DF's in order to include less-than values (i.e.,
lower limits of detection). In determining average concentrations,
less thans are treated as one-half the less-than value (with a 100%
uncertainty). Since less-than values usually occur in measuring outlet
concentrations, the corresponding DF's are greater-than values. These
greater-than values cannot be included in an average. Since it is
desirable to include as much measured data as possible in the average
DF's, it was decided to use the "best value" DF rather than the average
DF.
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TABLE 2.1

"BEST VALUE" DF's FOR FILTERS

Nucl ide

1311

Letdown
Filter

Makeup
Fi 1 ter

Spent Fuel
Pit Filter

134CS
137CS

54Mn
Seco
60Co
"NMo

1.0

1.0
1.0

1.5
1.6
1.5
1.1
1.5

1.0

1.0
1.0

2.1
2.3
2.2
1

1.3

1.0

1.2
0.9

2.0
1.6
2.4
1.0
0.9

* Data insufficient to determine DF.
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2.3 Coolant Radwaste System

The coolant radwaste system consists of four large mixed-bed demin-
eralizers in series. Water from the outlet of the letdown demineralizer
is processed through the primary demineralizers A and B in series to the
waste receiver tanks. From there it is pumped through two more demineralizers,
the secondary demineralizers A and B, into the waste holdup tanks.

Table 2.2 presents "best value" DF's for selected radionuclides
observed in inlet and outlet samples from the four demineralizers in the
coolant radwaste system. Table 4.7 presents more detailed DF's for
these demineralizers. The iodine isotopes are all essentially removed
by the first demineralizer, and the crud-associated radionuclides have
very little removal. The cesium isotopes, however, are found throughout
the system with each demineralizer showing a different DF. The explanation
of this phenomenon is given in sections 4.3 and 2.6.4.

2.4 Evaporators

2.4.1 Boric Acid Evaporator

The boric acid evaporator receives water that has been
processed through the coolant radwaste system. The feed to the boric
acid evaporator contains very little iodine or cesium isotopes, but has
a high concentration of crud-associated radionuclides. "Best value" DF's
for selected radionuclides are listed in Table 2.3 for the combined
feed filter-evaporator system. More detailed results are presented
in Table 5.5. Individual DF's could not be measured since it was not
possible to take a sample-between the filter and the evaporator proper.

2.4.2 Miscellaneous Radwaste Evaporator

The miscellaneous radwaste evaporator processes feed from
the spent regenerant tanks directly without ion-exchange pretreatment. This
evaporator therefore has a significant iodine and cesium isotopic content.
"Best value" DF's for selected radionuclides are listed in Table 2.3 for the
combined feed filter-evaporator system. More detailed results can be
-found in Table 5.12.

It should be noted that the DF's measured for the miscellaneous
radwaste evaporator are much higher than the DF's measured for the boric
acid evaporator. This is probably due to the higher (several orders of
magnitude) inlet concentrations to the miscellaneous radwaste evaporator
compared to the inlet concentrations to the boric acid evaporator. It
has been found (see Section 2.4.4) that evaporator DF's are a strong
function of the inlet (feed) concentration.

2.4.3 Evaporator Condensate Demineralizer

Both the boric acid evaporator and the miscellaneous radwaste
evaporator have a demineralizer that is used to process the condensate
in order to provide clean water for reuse in the reactor system. The
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TABLE 2.2

"BEST VALUE" DF's FOR DEMINERALIZERS

Coolant Radwaste System Demineralizers

Nucl ide

1311

134 Cs
13 7Cs

Purification
Demin.

100

1 .0
1 .0

40
40
40
50

2.3

Primary
Demin. A

420

7.3
3.8

2.2
1.2
1.3
4.9
1.6

Primary
Demin. B

1.5

13
10

0.6
1.2
0.6

>1.5
4.6

Secondary
Detin. A

1.5

33
29

0.8
2.2
1.9
.
0.8

Secondary
Demin. B

1I.1

11

18

6
1.4
1.3

.
5.2

Spent Fuel
Pit Detin.

22

66
61

7.1
4.8
3.6

>33
>41

54Mn
58Co
60CO
99Mo-aa

* Data insufficient to determine DF.



TABLE 2.3

"BEST VALUE" EVAPORATOR DF's

Nucl ide

1311

Boric Acid
Evaporator*

3.3(1)

134CS
137CS

54Mn
58Co
60Co99Mo

140Ba

Misc. Waste
Evaporator*

4.0(2)

9.8(2)
1.0(3)
6.3 3

4.2 3
1.2 3
2.8 3
3.0121

4.1(1)
3(3)
8.2(2)
1.7
1.8 12.911)

* In this report, the number in
a number represents the power
e.g., 3.97(-4) = 3.97 x 10-4.

parentheses following
of ten multiplier,
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miscellaneous radwaste system has two demineralizers in series. Tables
5.16 and 5.19 present the "best value" DF's for all three demineralizers.
Due to the high purity of the water from the evaporator most of these
numbers are near one. There are two exceptions, the high DF, approximately
40, for 1311 on the miscellaneous radwaste evaporator condensate deminerali-
zer and the cesium DF's that are significantly lower than I for all three
demineralizers. The iodine DF across an evaporator is usually much less
than that of the cesium or crud-associated radionuclides. This fact
along with the hi h DF on the condensate resin indicates that there is a
small volatile 13 1 component that is carried over into the distillate,
condensed with the water and is in the ionic form. The actual chemical
state is unknown.

The reason that cesium'DF's are much less than 1 for the boric acid
evaporator condensate demineralizer is probably related to the fact that
the evaporator is frequently bypassed and the condensate resin used to
deborate the solution directly, putting a high load on the resin. When
the evaporator is put back into the flow path, the inlet concentration
to the demineralizer would then be much lower than before and activity
would be removed from the resin bed (thereby raising the activity level
in the liquid) until equilibrium is again attained. We believe that the
low cesium DF for the miscellaneous radwaste condensate demineralizer is
related to higher cesium concentrations in the inlet during past operation.

2.4.4 General Considerations for Both Evaporators

The DF's of the evaporators are a strong function of the
feed concentrations with the crud-associated radionuclides having the
strongest dependence, the cesiums the next and 1311 the least. This
phenomena was also reported for the Turkey Point data (4). Also the
distillate concentration is a function of the feed concentration with
1311 having the strongest dependence and the crud-associated radio-
nuclides the least.

A mass balance was made on the evaporator system to calculate the
efficiency of the feed filter for the removal of activity. Basically
the balance consisted of measuring the feed activity and the bottoms and
distillate activities several times during the run. Using the boron as
a control which assumes a DF across the filter of 1.0, the net difference
in activity for the bottoms and distillate was calculated. A net loss
could be from filtering or from volatilization into the vacuum system.
Two runs were made with the boric acid evaporator and four for the
miscellaneous radwaste evaporator when a mass balance could be calculated.
Tables 5.3 and 5.4 present the results of these data. Note that as much
as 50% of the iodine fed to the evaporator was unaccounted for. Since
most of the filters in the reactor system have a DF for iodine of 1.0,
the unaccounted for iodine was most likely lost from the system through
the vacuum system on the evaporat .r and gas stripper. However, the
fraction lost was not consistent rom run to run.
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2.5 Spent Fuel Pool

The spent fuel pool subsystem consists of a recirculating line with
a filter and mixed-bed demineralizer. "Best value" DF's for selected
radionuclides for the filter and demineralizer are presented in Tables
2.1 and 2.2, respectively. More detailed results are listed in Tables
6.2 and 6.4. It should be noted that during refueling concentrations of
the major radionuclides in the pool increased. The DF's for the spent
fuel pool filter and demineralizer both increased, reflecting the increased
concentrations. Normal steady-state DF's were all much lower than those
listed. Section 2.6 provides a detailed explanation of the behavior
of demineralizers, especially for the soluble radionuclides, iodines,
and cesiums.

2.6 Demineralizers and Radiocesium

Rancho Seco has several demineralizers (ion-exchange columns in
the mixed bed H-OH form) in use for the removal of radionuclides. They
are located in almost every system in the plant. Each of the demineralizers
operates in a unique manner and appears to remove radionuclides somewhat
differently.

2.6.1 Letdown Demineralizer

This ion-exchange resin system operates continuously at 70
to 100 gpm, with the entire reactor coolant system being processed once
every 14 to 20 hours. During steady-state operation the DF across
this ion-exchanger is observed to be approximately 1.0 for 1 34 Cs, 1 36Cs
and 1 3 7Cs. If there exists a constant input rate from the core, then
the activity levels in the reactor coolant would increase unless there
were also some removal mechanism other than the letdown demineralizer.
Reactor coolant is removed for boron reduction. We believe that this is
the removal mechanism for cesium.

During spiking phenomena it was observed that the DF of some of
the nuclides increased. The most notable of these are the DF's for the
three Cs isotopes. The DF increases, and as a result of this increase
the purification system removes the cesium isotopes and slowly drops the
reactor coolant levels nearly back to the levels in the coolant before
the spike. After a few days, however, the cesium DF has dropped back to
near 1.0 and the cesiums have come into equilibrium again. There has
been a small increase in reactor coolant 1 34Cs and 13 7Cs concentration.
The net result of this process is to transfer most of the cesium isotopes
released during the spike to the letdown ion-exchange resin, with a
small amount being left in the coolant, raising the coolant activity
levels a small amount.

The DF for iodine isotopes was greater than that of the cesium.
It was always greater than 100. The iodine thus appears to be tightly
held by the ion exchange resin, while cesium is more easily dislodged
and tends to pass through the resin. However, there was definitely an
increase in the DF for the iodine isotopes during spikes in the coolant
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concentration. In both cases the effluent from the demineralizer tended
to be constant for all inlet concentrations. For 1311 then, there exists
a constant coolant concentration during steady-state operations between
spikes that does not build up with time.

The behavior of the crud-associated radionuclides on the demineralizer
resins is very sporadic and reflects the difficulties in sampling and
measuring these radionuclides. The resin itself acts more like a filter
than an ion-exchanger for these radionuclides. The source of crud-
associated radionuclides in the plant is the transport and activation
of corrosion and wear products in the reactor coolant system. The
behavior of these products in a PWR is not well understood.

2.6.2 Fuel Pool Demineralizer

This ion-exchange resin system also operates continuously
with a design flow of 160 gpm. At this flow rate the entire fuel pool
is processed through the demineralizer every 63 hours. This demineralizer
acted very much like the letdown demineralizer towards the iodine and
cesium radionuclides. The one difference is that the time scale is
stretched out due to the longer processing period for the fuel pool
system. The increase in the Cs DF at the beginning of the shutdown was
found to be more pronounced for the fuel pool demineralizer compared to
the letdown demineralizer. We believe this was due to the larger magnitude
of increase in the Cs inlet concentration as compared to the letdown
demineralizer. But basically the two resin systems behaved identically.

2.6.3 Coolant Radwaste System Demineralizer

The coolant radwaste system has four large ion-exchange resin
columns in series. They are operated in sets of two with large holding
tanks in between. The water processed through this system includes
all of the water collected from the drain collection header in the reactor
system. This water is basically all reactor coolant that has been
processed through the letdown filter and demineralizer. The amount of
water processed through these resins is several orders of magnitude less
than that processed by the letdown demineralizer or the fuel pool
demineralizer. These resins effectively reduce the iodine and cesium
radionuclide concentration to very low levels before the water is processed
by the evaporators. The behavior of these resins is different from those
previously discussed, but the differences are due to the mode of operation
of the systems and not to differences in the resin or other parameters.
Most of the iodine is stopped by the first resin. The iodine DF for
this resin is about the same as for the letdown demineralizer and the
fuel pool demineralizer. The last three of the four resins in series
show small iodine DF's, but this is expected due to the very low inlet
concentrations. The DF's for the cesium isotopes, however, show marked
deviation from expectations (i.e., DF's of about 1.0). The cesium DF's
progress as follows as the coolant passes through the letdown demineralizer
and four coolant radwaste demineralizers. It is believed that these
demineralizers are acting as the letdown or fuel pool demineralizers do
during a concentration spike. They have not processed enough activity
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to become "saturated" as the fuel pool and letdown demineralizers have.
But as indicated by the lower cesium DF for the primary demineralizer A,
this first demineralizer in the line is further along toward saturation
than primary demineralizer B or the secondary demineralizer A. The same
explanation is applicable for the difference between cesium DF's for the
primary demineralizer B and the secondary demineralizer A. We do not know
why the cesium DF for secondary demineralizer B is so low. It may be that
the inlet concentration is just not high enough for a very high DF.

DF
134Cs 1 3 7 Cs

Letdown Demineralizer 1.0 1.0

Primary Demineralizer A 7.3 3.8

Primary Demineralizer B 13 10

Secondary Demineralizer A 33 29

Secondary Demineralizer B 11 18

2.6.4 Development of Theory

In an ion exchange system the ratio of the concentration of
an ion in solution to the concentration of the ion on the resin is a
constant, i.e.,

CS/CR = K

where the usual units are

CS = milliequivalents/ml solution

CR = milliequivalents/gram resin

K = distribution ratio

or for radioactive species

CS = millicuries/ml solution

CR = millicuries/gram resin

when the specific activity of the radionuclide in the solution is the
same as that in the resin when the total isotopic composition is considered.

These distribution ratios are normally measured for a static system,
by contacting a known amount of activity (or nuclide) with a measured
amount of resin. However, in practice the ion-exchange column is a

16



dynamic system in which the bed acts like a series of batch contactors
and the initial concentration for each successive increment is the output
from the previous one.

The distribution through the bed for the retention of a radionuclide
such as cesium will be exponential and would look something like Figure
2.2A for the beginning of the removal from a stream of constant concentration.
As the column loads, the resin at the top of the bed comes into equilibrium
with the inlet concentration and the distribution with time changes as
is shown in Figure 2.2B. The shape of the curve is a function of K for
each nuclide. As the resin comes into equilibrium, the profile on the
resin becomes flat. Ultimately the resin will become saturated and
the DF across it will be 1. This does not mean, however, that the
activity passes straight through the demineralizer. What is actually
happening is that the activity is being absorbed at the top with a slow
migration down the column and an equal amount coming off the bottom.
Once saturation has occurred, the cesium DF will be 1.0. However, a
perturbation at this point will cause one of two effects. (1) If the
inlet concentration is increased, a new, and higher, equilibrium level
will be established and an initial instantaneous DF greater than I will
be observed with a column distribution as shown in Figure 2.2C. The DF
will remain greater than 1.0 until a new equilibrium level has been
established with this constant feed. (2) If the inlet concentration is
decreased, a lower equilibrium level will be established and the initial
instantaneous DF will be less than 1.0 as shown in Figure 2.2C. Both of
these situations have been observed with the letdown demineralizer,
during spiking conditions.

2.7 Secondary System

The secondary system at Rancho Seco was sampled to determine whether
a primary-to-secondary leak existed. The results of the samples taken
indicate that a primary-to-secondary leak did not exist during the
in-plant measurement period.

2.8 Analysis of Spent Resin

A sample of spent resin was obtained from the spent resin tank.
Since the spent resin tank contains the spent ion exchange resins from
several demineralizers, it was impossible to determine which demineralizer
was the source of the resin sampled.

The resin sample was analyzed for transuranic radionuclides and the
following concentrations were measured.

Concentration

Radionuclide (PCi/g resin)

2 38pu 6.1 + 0.1(-6)
2 39 "240Pu 1.12 + 0.02(-5)
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Concentration
Radionuclide (uCi/g resin)

241Am 2.5 + 0.2(-6)

2 4 2 Cm 3.2 + 0.2(-6)

2 4 4 Cm 3.8 + 0.2(-6)

2.9 Gaseous Systems

At Rancho Seco the gaseous waste disposal system (Figure 1.2)
was separated into the following major systems for study: auxiliary
building ventilation system, containment (reactor) building ventilation
system, and waste gas processing system. Within the auxiliary building
the ventilation system was divided into three subsystems (see Figure
2.3) during the early phases of the in-plant measurement study. Subse-
quently, each subsystem was subdivided to pinpoint specific sources
of radionuclides. The areas monitored by each individual sampler are
listed in Table 8.2. The auxiliary building ventilation system was
monitored continuously during the period 9/11/78-3/13/79 and individual
samplers were changed out on a nominal two-week schedule. During the
in-plant measurement period at Rancho Seco, four waste gas decay tanks
(WGDT's) were sampled prior to release. In addition, the containment
atmosphere was sampled over a period of 14 purges and when an internal
charcoal filter was put in service.

Table 2.4 shows estimated annual releases from the three major
systems for selected radionuclides. The releases are upstream of plant
filtration systems.

Releases from waste gas decay tanks (WGDT) are based on average
concentrations in the tanks measured on four occasions (Table 7.2)
multiplied by an assumed annual frequency of 11 tanks/year. All values
are measured upstream of a HEPA charcoal filter system for releases from
waste gas decay tanks. Note that even without filtration, releases from
the WGDT's are very small. Only the release of 1 4 C is a significant
fraction of the total plant release (19%).

Releases of nuclides in containment purges were determined for the
refueling outage and for intermittent purging during power operation
(see Tables 7.33-7.35). The values in Table 2.4 are the sums of releases
during the two operations. During refueling, concentrations were measured
downstream of HEPA and charcoal filters and the releases in Table 2.4
were determined by multiplying by the filter decontamination factor (88
for 1311 and 50 for particulates). During operation, releases were
calculated using measured containment air concentrations. Containment
was a significant source for a few nuclides. It provided 47% of the
l31mXe, 20% of the 14C, 63% of the 58Co and 55% of the 1311 in the
estimated annual release.
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FIGURE 2.3

AUXILIARY BUILDING STACK VENTILATION SYSTEM

Stack
sample
location

F-656
filter
bank

< 100 cfm

25,670 cfm

Auxiliary building

Notes:
1. F-656 consists of prefilters, HEPA filters and charcoal filters (section 7.17)
2. Circled numbersQI indicate long-term sampling locations
3. Circled letters®w indicate short-term sampling locations
4. Main stack sample location was located on the plant sample line
5. The flow rates listed are design specifications'

INEL-A-19 035
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TABLE 2.4

ESTIMATED ANNUAL RELEASES"

(Ci/yr)

Aux. Building

Containment

WGDT (1)*

Total

1311 134CS I 3 7Cs 5 8Co 60Co 3H 14C

3.0(-2) 2.4(-2)*** 3.3(-2)*** 1.5(-3)*** 7.5(-3)*** 6.9(l) 2.7(0)_

[45.) - [94.0J [86.8] [37.2] [95.81r [92.0] [61.0)

3.7(-2) 1.5(-3) 5.0(-3) 2.5(-3) 3.3(-4) 6.0(0) 9.0(-l)
[55.] [6.0] [13.2] [62.8) [4.2] [8.0) [20.0)

4.2(-6) 1.1(-8) 2.6(-8) 5.0(-8) 5.9(-8) 4.3(-3) 8.5(-l)
rig.]

6.7(-2) 2.6(-2) 3.8(-2) 4.0(-3) 7.8(-3) 7.5(1) 3.6(0)

85Kr

8.4(1)
[88.]

5.4(0)
[6.0)

5.9(0)
[6.21

8.9(1)

l3smxe

1.7(2)
[53.1]

1.5(2)
[46.9]

1.6(-1)

3.2(2)

1 33Xe

3.3(4)
[84.2)

6.3(3)
[15.8)

3.7(-1)

3.9(4)
-J

* Included in auxiliary building releases since the WGDT discharges are monitored at the main stack.

** Releases are upstream of plant filtration systems. Actual plant releases were lower due to filtration of
each effluent path.

***Releases are calculated by multiplying the releases measured downstream of the filter by 50 (see Section 8.3.3).

t Number in brackets indicates percent contribution to total plant release.



Table 2.4 also shows the estimated annual releases from the auxiliary
building. The release of 1311 was measured upstream of the charcoal
adsorber in the effluent duct (see Table 8.6). Particulate radionuclides
were measured downstream of the HEPA filter and a decontamination factor
of 50 was applied to estimate the release ahead of the HEPA. The reason
for doing this rather than using the measurements upstream of the HEPA
is that upstream samplers may not have sampled all of the particulate
releases during the refueling shutdown (see Section 8.3.5). Note that
the auxiliary building was a substantial source for most radionuclides.

It can be seen from Table 2.4 that on an annual basis the auxiliary
building is the principal source of radioactivity for all airborne
radionuclides except for 58 Co and 1311. However, the auxiliary building
is not the principal source of radioactivity during all stages of plant
operation. Table 2.5 presents average release rates for the three
systems during refueling and non-refueling operations. Examination of
Table 2.5 indicates that the containment was the principal source of
1311 during non-refueling operations, while during refueling the auxiliary
building was the major source. For particulates, the principal source
was the auxiliary building during non-refueling periods. During refueling,
the contribution from the containment increases and, in fact, surpasses
that of the auxiliary building for 5"Co. During both the refueling and
non-refueling intervals, 3H and 14 C principally came from the auxiliary
building, but the containme~t's contribution increased during refueling.
The principal source of 13 1 Xe was the containment, but the containment
was the primary source of 1 3 3Xe only during the non-refueling period.

Table 2.6 presents the relative contribution of each of thesystems
sampled to the total release of 1311 from the auxiliary building. During
non-refueling operations, the two significant sources of 1311 were
systems #1 (radiochemical and service area) and #3 (radwaste area).
As expected during refueling, system #2 (refueling area) was a significant
source of 1511. The predominant source of 1311 in system #1 was traced
to the reactor coolant sampling hood. The major source in system #3 was
found to be the tank rooms. The tank rooms house the reactor coolant
waste receiver and holdup tanks, the concentrated bdric acid storage
tank, and the spent regenerant tanks. The cover gases from these tanks
feed directly into the auxiliary building ventilation system. Results
indicate that the spent regenerant tanks were the major source of 1311
in system #3.

The major source of particulates in the auxiliary building was
also within system #3. The fuel handling area was the major source of
3H. Specific sources of these radionuclides could not be identified
due to very low levels of the radionuclides or physical inaccessibility
of the individual components feeding the systems. Sources of noble
gases were not obtained because noble gases were monitored at the
auxiliary building stack only.

To compare releases of 1311 from Rancho Seco to those from other
plants, the absolute release rates were divided by the coolant
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TABLE 2.5

AVERAGE RELEASE RATES DURING REFUELING AND NON-REFUELING OPERATIONS *

(GCi/s)

Aux. Building
(non-refueling)

Containment
(non-refueling)

Aux. Building
(refueling)

Containment

(refueling)

WGDT*

Total t

(non-refueling)

Totalt
(refueling)

1311

1.7(-5)
[7.83**

2.0(-4)
[92.2)

4.6(-5)
[69.7)

2.0(-5)
[30.3)

7.5(-6)

2.2(-4)

134Cs

4.2(-6)

[56)
3.3(-6)
[44]

1 .8(-5)
[38.3)

2.9(-5)
[61.7)

2.0(-8)

7.5(-6)

137Cs

3.0(-6)
[40.5)

4.4(-6)
[59.5)

5.7(-5)
[64.0)
3.2(-5)
[36.0)

3.7(-8)

7.4(-6)

58Co

6.6(-7)
[82.5)

1 .4(-7)
[17.5)

1.2(-6)
[5.4)

2.1(-5)
[94.6)

9.1(-8)

8.0(-7)

6 0Co

4.0(-6)
[98.0)

7.0(-8)
[1.7]

5.0(-6)
[60.2]

3.3(-6)
[39.8)1
1 .1(-7)

4.1(-6)

3H

2.1(0)
[81.4)

4.8(-l)
[18.6)

2.3(0)r65.7]

1.2(0)

[34.3]

7.9(-3)

2.6(-1)

14C

6.0(-2)
[83.3)

1.2(-2)
[16.7)

3.5(-l)
[62.5)
2.1(-1)

[37.5)

1.5(0)

7.2(-2)

6.4(0) 1.1(1)
[12.1)

ii 8.0(1)
[87.9)

2.8(0) 1.4(1)
[68.3) [2.0)

1.3(0) 6.1(0)
[31.7] [98.0)

1.10() 2.8(-l)
6.4(0) 9.101)

6.3(2)
[22.3]

2.2(3)
[77.7)

3.9(l)
[86.5)

6.7(2)

[13.5)

6.6(-P)

2.8(3)

85Kr lalMXe 133Xe

6.6(-5) 4.7(-5) 8.9(-5) 2.2(-5) 8.3(-6) 3.5(0) 5.6(-l) 4.1(0) 6.8(2) 4.5(1)

* Included in auxiliary building releases since WGDT discharges are monitored at the main stack.

Number in brackets indicates percent contribution to total plant release during the
respective time interval, i.e., refuel ing or non-refueling.

* Except for WGDT release rates the release rates are measured dowmstream of HEPA and charcoal filters.

t Total plant release rate during containment purge.

ft Radionuclide not detected due to interference from 0.51 MeV annihilation radiation in gamma-ray spectrum.



TABLE 2.6

PERCENT CONTRIBUTION OF EACH SYSTEM TO AUXILIARY BUILDING 1311 RELEASE

Systems
(%)

#1 #2
Tank

#3 Room

Total #I-#4
Release#9- . Ci/s

Main Stack
Sample Period

9/13-9/27

9/27-10/12

10/12-10/26

10/26-11/9

11/9-11/20 (4)

11/20-12/7 (4)

12/7-12/21 (4)

12/21-1/4 (4)

1/4-1/18

1/18-2/1

2/1-2/15

2/15-3/1

3/1-3/13

17

19

24

32

1

1

1

5

24

49

32

44

24

* 83

1 80

<1 76

* 68

3 96

47 52

13 86

1 94

1 75

<1 51(l)

1 67(1)
<1 56(1)

* 76(1)

t
t

t

t

t

i.

t

t

47.4(l)

51.7(1)
26.4(l)

59.9011

#5

t
t

t

t

t

t

t

t

t
o.5(1)

'Co.1I(I )
3.7(l)

t
t

t

t

t

t
1.9(I)
7.7(l)

14.40I)
1.80)

#6 #7_ _ #8

t
t

t

t

t

t

t

t

t
0.3(l)
5.8(l)
9.7(l)

9.5(l)

t

t

t

t

t

t

t
0.9(1)

4.8(l)

481)

tt

t

t

t

t

t

32.0(2)

28.7(2)

14.2 (2)

5.9(-4)

8.9(-5)

2.8(-4)

7.5(-5)

1.7(-2)

1.5(-3)

3.8(-4)

9.3(-4)

9.9(-4)

4.7(-4)

7.6(-5)

1.4(-4)

1.5(-4)

3.7(-6)

2.4(-6)

4.8(-6)

8.7(-7)

7.7(-5)

1.7(-5)

3.5(-5)

5.5(-5)
1.0(-4)

4.9(-6)
3.2(-7)

AVG. Z

(1) Percentage breakdown of sampling station upstream of sampling station #3. Stations #3-#8. for this period are
averages of two one-week samples.

(2) Percentage contribution of station #f9to station #1.

(3) Only positive values were used in averaging, i.e., lower limits of detection were not used.

(4) During refueling interval. The average auxiliary building main stack release rates before. during, and
after refueling were respectively 2.9(-6), and 3.5(-5) pCi/sec. No lower limits of detection were used
in the average.

* 1311 not detected in sample.

t Sampler not installed.
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concentrations to obtain what is called the normalized release rate (see
Section 8.3.1). The estimated annual average normalized release rate
at Rancho Seco was 0.15 uCi/sec/uCi/g (see Table 8.6). This release
rate is for upstream of the charcoal filters. The actual release rate
(i0e., downstream of the charcoal filters) should be approximately 1/90
that upstream. The comparable value for Fort Calhoun is 0.3 VCi/sec/vCi/g
and for 3 other PWR's the average was 0.07 vCi/sec/vCi/g. It appears
that for the same coolant concentration of 1311, average release rates
at Rancho Seco were not appreciably different than those of other PWR's.
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3. REACTOR COOLANT AND MAKEUP AND PURIFICATION SYSTEM

3.1 System Description and Sample Points

3.1.1 Reactor Coolant System

The reactor coolant system (RCS) is used to circulate the
heated, high-pressure reaCtor coolant from the reactor to the steam
generators. Rancho Seco utilizes two once-through steam generators
(OTSG), thus the reactor coolant system consists of two loops - designated
A & B - one for each steam generator. Coolant is let down from the cold
leg of loop A through letdown coolers to the makeup and purification
system for chemical and volume control. A diagram of the RCS is shown
in Figure 3.1.

Reactor coolant samples were taken from the normal plant sample
point which leaves the letdown line just after the letdown coolers. This
sample point terminates in the hot lab sample sink. The reactor coolant
sample line is on recirculation at all times, thus samples can be taken
after a short (15 min) purge of the connecting line and valve to the
sample sink.

Samples were taken by two methods. Most samples were collected in
50 ml bottles as described in the Source Term Procedures (6). Since an
indeterminate amount of the noble gases may be lost from these samples,
a more specialized sampling technique was employed when noble gas
concentrations were desired. This technique consisted of plumbing a
35 ml liquid bomb sampler in series with the sample line, purging the
sampler for a minimum of 2 minutes, then closing the stopcocks to collect
a sample that had retained its dissolved noble gases. Noble gas concen-
trations are reported only for reactor coolant samples obtained using the
35 ml liquid bomb sampler. Since proper flow adjustments for liquid
bomb sampling may require adjustment of the flow rate during sampling,
which may perturb corrosion product concentrations, only noble gases
are reported for liquid bomb samples.

Reactor coolant samples were obtained approximately weekly between
9/7/78 and 3/7/79. When the makeup and purification system was being
studied and spiking due to shutdown was being investigated, more frequent
sampling was utilized. Samples for analysis of beta-only-emitting
radionuclides were obtained on a less frequent basis.

3.1.2 Makeup and Purification System

The makeup and purification system (MUAPS) allows for chemical
and volume control of the reactor coolant while providing purification
of the reactor coolant liquid. Figure 3.2 is a diagram of the MUAPS
showing local sample points. Table 3.1 is a summary of the principal
component information.
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FIGURE 3.1

DIAGRAM OF REACTOR COOLANT SYSTEMt
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FIGURE 3.2

DIAGRAM OF MAKEUP AND PURIFICATION SYSTEMt
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TABLE 3.1

MAKEUP AND PURIFICATION SYSTEM PERFORMANCE

AND COMPONENT DATAt

Normal letdown flow

Maximum letdown flow

Total seal flow to each reactor
coolant pump

Seal inleakage to reactor coolant
system per reactor coolant pump

Temperature to seals,
normal/maximum

Purification letdown fluid
temperature, normal/maximum

Makeup tank normal operating
pressure range

Makeup tank water volume, nominal

Makeup Pump

Type

Rated capacity

Rated head

Motor horsepower

Pump material

Design pressure

Design temperature

Letdown Cooler

Type

Heat transferred

Letdown flow

45 gpm

140 gpm

8 gpm

7 gpm

125/150-F

125/135°F

15-35 psig

400 ft 3

Horizontal, multistage,

centrifugal, mechanical seal

300 gpm (also see figure 6.2-3)

5,545 ft H2 0 (also see figure 6.1-3)

700 nameplate hp

SS wetted parts

3,000 psig

200°F

Shell and spiral tube

16.1 x 106 Btu/h

3.5 x 104 lb/h
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TABLE 3.1 (cont'd)

MAKEUP AND PURIFICATION SYSTEM PERFORMANCE

AND COMPONENT DATAt

Letdown cooler inlet/outlet
temperature

Material, shell/tube

Design pressure (shell/tube)

Design temperature (shell/tube)

Cooling water flow (each)

Code (tube/shell)

Reactor Coolant Pump Seal
Return Cooler

Type

Heat transferred

Seal return flow

Seal return temperature change

Material (shell/tube)

Design pressure (shell/tube)

Design temperature (shell/tube)

Cooling water flow (each)

Code (tube/shell)

Makeup Tank

Volume

Design pressure

Design temperature

Material

Code

55/120°F

CS/SS

200/2,500 psig

350/600°F

2 x lO5 lb/h

ASME III-C/VIII

Shell and tube

1.38 x 106 Btu/h

9.2 x lO4 lb/h

140 to 125 F

CS/SS

150/150 psig

250/200°F

9.2 x l04 lb/h

ASME III-C/VIII

600 ft 3

100 psig

200°F

SS

ASME III-C
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TABLE 3.1 (cont'd)

MAKEUP AND PURIFICATION SYSTEM PERFORMANCE

AND COMPONENT DATAt

Letdown Filter

Flow rate

Material

Design pressure

Design temperature

Code

Purification Demineralizer

Type

Material

Resin volume

Flow

Vessel design pressure

Vessel design temperature

Code

Makeup Filter

Flow rate

Material

Design pressure

Design temperature

Code

Source FSAR Rancho Seco (9)

140 gpm

304 SS

900 psig

150°F

ASME III-C

Mixed bed, boric acid saturated

SS

50 ft 3

140 gpm

150 psig

200°F

ASME III-C

80 gpm

SS

300 psig

250OF

ASME III-C
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During normal operation, reactor coolant is let down from the cold
leg of loop A through the letdown coolers and the letdown orifice and
then through the letdown filter which removes particulate material. The
letdown filter effluent provides inlet water to one of two mixed-bed
purification demineralizers. The purification demineralizers contain
boric acid saturated mixed-bed resin. Throughout the measurement program
at Rancho Seco, purification demineralizer A was used exclusively.
Demineralizer A is loaded with Amberlite IRN-150 LC resin, and was
placed in service on 10/16/77. The demineralized effluent passes through
one of two makeup filters (nominal pore size 1 micron) to remove any
fine particulate washed from the purification demineralizer then to the
makeup tank. This tank serves as a receiver for letdown water, chemical
addition and system makeup. Makeup tank water is normally routed back to
the reactor coolant system via a makeup inlet line and the reactor
coolant pump seals. Either the makeup tank inlet or outlet streams can
be directed to the reactor coolant radwaste system when boron removal is
required.

Samples were obtained from the letdown filter effluent and the
purification demineralizer effluent approximately weekly between 9/7/78
and 2/21/79. Samples of makeup filter effluent and makeup tank effluent
were obtained on a less frequent basis. Sample lines for these sample
points terminate in the hot lab sample sink. Samples were collected
in 50 ml bottles as described in the Source Term Procedures (6) after
a minimum of 30 minutes purge time.

The letdown filter is provided with a backflush system, and the
filter is backflushed at intervals dependent on the AP registered --
across the filter. Flushing frequency is highly irregular. Prior to
the refueling outage the letdown filter was backflushed at an average
frequency of once per shift. At times daily flushes were used while
at other times as many as five backflushes occurred in a single shift.
After the refueling outage, filter backflushes were performed at a mean
frequency of about once per week. The irregular backflushing schedule
precluded establishing a sampling regime to directly test the effect of
a flushing operation on the efficiency of the letdown filter. An attempt
was made to correlate changes in the measured decontamination factor
(DF) across the letdown filter with backflushing operations as recorded
in the operator's log. While samples were obtained just prior to, just
after, and perhaps even during backflush operations (at which time the
filter is actually bypassed), no obvious correlation of filter DF with
filter backflush was apparent. The backflushed waste is routed to the
miscellaneous radwaste crud tank via the letdown filter backflush waste
tank. Very high radiation levels at the sample locations for these tanks
precluded their sampling during the in-plant measurement program.

3.2 Discussion of Measurement Data - Reactor Coolant

3.2.1 Radionuclide Concentrations

Reactor coolant samples were obtained approximately weekly
between 9/7/78 and 3/7/79. This period covers the three stages of reactor
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operation - power generation prior to refueling, refueling outage, and
power generation following refueling. Results of analyses of these
samples are contained in Appendix B, Tables B.1 and B.2.

Table 3.2 lists the average radionuclide concentrations in the
reactor coolant measured during steady-state power operations. Averages
are presented for the measurement periods prior to and following the
refueling outage. Averages were not computed for the reactor coolant
activities measured during refueling due to perturbations induced by
radioactive decay and the mixing of reactor coolant water with that of
the fuel transfer cavity.

Examination of Table 3.2 indicates that as a result of refueling
the average 1311 concentration decreased by about a factor of two. Both
the 1 34 Cs and 1 37 Cs concentrations increased by about 70%. It is not
known why this increase occurred. All crud-associated radionuclides
exhibited marked reductions in concentration after refueling. Typical
reduction factors range from approximately 14 for 54Mn to approximately
76 for 58Co.

The measured concentration of radioiodines in the reactor coolant
were used to evaluate the fission product release mode, and thus the
overall fuel cladding integrity, for the periods of power operation
both before and after refueling. The method used was that of Skarpelos
and Gilbert (8). Appendix A presents a discussion of the technique and
the calculational results for Rancho Seco. The analysis shows the
release mechanism both before and after refueling to be a mixture of
direct recoil from tramp uranium and diffusion releases from small
("pin-hole") cladding defects. The proportion of release attributed to
diffusion decreased after refueling. This is expected since the overall
cladding integrity was presumably improved as a result of the refueling
operation. The spiking of reactor coolant radionuclide concentrations
during power level changes is normally attributed to a diffusion release
from the fuel rods.

Figure 3.3 shows plots of the power level and 1311 concentration
in the reactor coolant. Hot lab analyses performed by SMUD are included.
The connecting line does not indicate 1311 concentrations between
measurement points but simply directs the eye from data point to data
point. As Figure 3.3 indicates, the 1311 concentration in the reactor
coolant spikes strongly upon reactor shutdown. Even the power dip to
54% power on 10/25/78 resulted in a small iodine spike. The only obvious
spike on startup is that noted on 12/24/78 when power operations were
resumed after the refueling outage. The 12/24/78 startup spike is about
one-third the magnitude of the shutdown spikes noted. Nearly all commonly
observed fission product radionuclides and crud-associated radionuclides
exhibited varying degrees of spiking during shutdown. Figures 3.4 and
3.5 show the reactor coolant concentrations versus time for 1 37 Cs and
5 8Co. Shutdown spikes are clearly visible.
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TABLE 3.2

AVERAGE RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT DURING
REACTOR POWER OPERATIONS t

Measured During Periodtt
9/7/78 to 11/14/78

(Uci/ml)

Measured During Period
1/3/79 to 3/6/79

(uCi/ml)Nucl i de
8 5mKr
8 5Kr
8 7Kr
88Kr

13 lmXe13 3mxe
13 3Xe
l 3 Smxe13S5Xe

1 3 7 Xe
138Xe

8 4Br
1311
1321
1331
1341

1351

88Rb
89Rb

134Cs
13 6Cs
1 37Cs
138Cs
139CS

4.5 ± 1.4(-2)
<6.2(-2)5.5 _+2.1(-2)
9.5 +3.1(-2)

3.7(-3)
2.2 0 0.6(-2)
7.9 ± 2.5(-1)
6.4(-1)
3.0 ± 0.8(-l)
<8.7(0)
6.7 ± 2.5(-2)

9.o(-2)
1.6 0 0.4(-2)
5.2 1.5(-2)
4.5 - 0.5(-2)
7.4± 2.3(-2)
5.8 ± 0.9(-

1.4 ± 0.8(-1)
<3.8(-2)
5.4 + 1 8(-3)
2.2 ± 08(-4)
6.5 ± 2.1(-3)
9.9 ± 5.4(-2)
1.2(0)

6.5 ± 3.1(-3)

2.23 0 0.04(-1)

2.1 ± 0.2(-5)
1.2 ± o.1(-2)
2.1 ± 0.1(-4)
1.1 ± 1.1(-2)
1.1 - 1.2(-3)
7.83 ± 0.04(-3)
8.8 ± 9.2(-4)
7.9_± 8.2(-5)
4.2 ± 4.1 -2)
1.5 ± 1.6(-3)
2.43 0 0.02(-4)
<2.3(-5)

5.3 ± 2.5(-2)
<6.5 (-1)
4.9 ± 1.1(-2)
8.0 ± 1.8(-2)
3.4(-3)
6:0 ± 4.5(-2)2.1 _± 1.3 0)
4.3(-l)
5.2 ± 5.3(-1)
<3.6(-1)
2.4(-1)

8.9(-3)
8.8 ± 1.3(-3)
4.2 ± 0.4(-2)
3.6 ± 0.3(-2)
7.1 ± 0.7(-2)
4.8 ± 0.4(-2)

1.1 ± 0.2(-1)
<5.1(-2)
9.3 ± 1.0(3)
1.4 ± O.6(-4)

9.2 _± 1.2 -2
5.6(-1)

1.4 0 0.7(-2)

2.51 0 0.04(-1)

1.1 ± 0.2(-2),**

<2.7(-4)
7.7 ± 1.5(-5)

**t

1.1(-5)
<7.3(-6)
5.5 ± 0.7(-4)
7.0 ± 1.1(-5)

<1 .2(-5)

4 IAr

3H

14C
2 4 Na
32p
5 iCr
54Mn
55Fe
59 Fe
5 7 CO
S8Co
6OCo
6 3Ni
6SZn
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TABLE 3.2 (cont'd)

AVERAGE RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT DURING

REACTOR POWER OPERATIONS t

Measured During PeriodTT
9/7/78 to 11/14/78

(LCi/ml)Nucl ide
8 9 Sr
90Sr
9 1 Sr
gly
9 my
9 3y

. 9 5 Zr
9 5 Nb
99Mo

10 3Ru
106Rh
1 iomAg
12 5Sb
1 2 sSb
] 2 9 rTe
129Te
1 3 1mTe
1 3 1Te
1 32Te
139Ba
140 Ba14OLa
14 lCe
l1- 3Ce
14 4Ce
1 5 2Eu1S4Eu
15SEu
187W2 39 Np

2 3 8 pu
239/240pu
2 4 Am
2 4 4 Cm
2 4 2 Cm

3.95 ± 0.07(-5)
2.71 ± 0.09(-6)
<5.0(-4)
1.61 ± 0.06(-5)
<5.o(-4)
<2.2(-3)
4.6 ± 5.7(-4)
8.0 ± 9.5(-4)
1.9 ± 0.8(-3)
1.1 ± 1.2(-4)
<1 .6(-4)
1.5(-4)
5.7 ± 8.2(-5)
<4.7(-5)
<3.2(-4)
<6.0(-2)
<4.0(-4)
5.9(-3)
3.4(-5)
1.4(-2)
1.6(-4)
1.0(-4)
4.1(-5)
<1 .4(-4)
3.8(-4)

<2.2(-4)
2.9 ± 1.4(-3)
1.2(-3)

2.60 0 0.09(-8)
4.9 ± 0.2(-8)
1.7 + 0.1(-8)
1.97 + 0.06(-8)
4.5 + 0.2(-7)

Measured During Period
1/3/79 to 3/6/79

(yCi/ml)

<7.5(-4)

<1 .4(-3)
<2.3(-3)
<1.1(-5)
<9.3(-6)
1.1 ± 0.6(-3)
<1 .2(-5)
<1 8(-4)
<1:8(-5)
<5.6(-6)
<4.1(-5)
<2.2(-4)
<6.9(-2)
<3.4(-4)
<7.0(-3)
<1 .7(-5)
1.4(-2)
2.8 ± 1.1(-4)
<8.4(-5)
<3.9(-5)
<1 .9(-4)
<4.2(-4)

<3.5(-4)
1.8 ± 1.o(-3)
<1.1(-4)

9 ±
1.7
2+
1+
2+

lO(-9)
4 1.5(-8)

t Averages were compi

tt Data obtained from
1012, 9/14/78
1401, 9/20/78
1438, 9/22/78
1130, 9/27/78

* Data obtained from

0922, 1/11/79
1408, 1/17/79

uted as described in Appendix A

the following samples (see Appe
1128, 10/4/78 0940, 11
1140, 10/12/78 0920, 11
1149, 10/18/78 1145, 11
1431, 10/24/78

ndix B)
/l/78
/8/78
/13/78

the followina samples
1338, 2/2/79
1116, 2/8/79

(see Appendix B)
0903, 2/14/79
0953, 2/21/79
1510, 3/6/79

Analysis not performed for radionuclide.
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FIGURE 3.3
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FIGURE 3.4

137Cs CONCENTRATION IN REACTOR COOLANT
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3.2.2 Predicted Radionuclide Concentrations in Coolant Waters

The American Nuclear Society, Standards Committee Working
Group ANS-18.1 has prepared a set of typical radionuclide concentrations
for use in estimating the radioactivity in the principal fluid streams
of a light water reactor over its lifetime (7). Expected radionuclide
concentrations in the primary and secondary coolants for Rancho Seco
can be derived from the ANSI N237-1976 values by adjusting the parameters
of the reference PWR to those of Rancho Seco. Table 3.3 presents these
expected activity levels and Table 3.4 lists the parameters used for
adjustment of the reference PWR to Rancho Seco. These parameters are
for once through steam generators and assume all volatile treatment
(AVT) of the secondary coolant.

Although the techniques used to collect the data in the in-plant
measurement study are capable of detecting all gamma-emitting radionuclides
present in any sample, some radionuclides treated in ANSI N237-1976
were not observed at Rancho Seco (cf the radionuclides denoted with an
asterisk in Table 3.3). These radionuclides were not observed because
they were either not present in detectable quantities, they have very
short half lives, or they emit only very low energy gamma rays. For
example, 8 6Rb and 1301 are present only in very small amounts because
of their very low fission yields (about 2(-3)% for each isotope). In
addition, their gamma rays are masked by gamma rays of about the same
energy emitted by more abundant radionuclides. The radionuclides 16 N,
8SBr, and 89Kr have very short half-lives which precluded their detection
by the measurement techpimues utilized in the in-plant studies. The
radionuclides 83Br and Kr could not be detected due • thgiý very low

amma-ray energ|5 Other radionuclides such as90y, y, 9Tc,
±0 3 Rh, 106 Ru, M"Ba, 14 3Pr, and 14 4 Pr could not be detected due to
very low gamma-ray intensities or interferences from other radionuclides,
but they are parents or daughters of radionuclides that were measured.
The concentrations of these radionuclides can be estimated by assuming
that they are in equilibrium with their parent or daughter. The tellurium
isotopes were not detected with any consistency since they are held on
the reactor internals (4).

In Table 3.5 the radionuclide concentrations predicted for Rancho
Seco reactor coolant are compared with the average concentrations
actually measured during steady-state power operations. In general,
the predictions agree-well with measured values. For the fission gas
nuclides, the predictions agree well with measurements for the kryptons
and some xenons, but tend to be high for the majority of the xenon
isotopes. Predictions for the radiohalogens, rubidiums and radiocesiums
are somewhat high. The predicted tritium concentration is a factor of 4
to 5 higher than that measured. Predicted concentrations for the normal
crud-associated radionuclides and other fission product radionuclides
compare well with the measured concentrations, tending to be midway
between the results measured before and after refueling for nearly all
isotopes.
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TABLE 3.3

PREDICTED RADIONUCLIDE CONCENTRATIONS IN

REACTOR COOLANT AND SECONDARY COOLANTt

Nucl i de

*8 8 nKr
85mKr
8 5 Kr
87Kr
88Kr

* 8 9 Kr
1 3 -mXe
133mXe
1 3 3Xe
135mXe
1 35Xe
1 37 Xe
1 38Xe

* 8 3Br
84Br

* 85Br
*1301

1311
1 321
1331
1341
1351

* 86 Rb
8BRb

134CS
136 Cs
1 3 7Cs

" 16 N

3H

5 Cr
5 4 Mn
55Fe
59 Fe5 8 Co
60C0
8 9 Sr
90Sr
9 1 Sr

" 90y
9 imy

* 91y

93y

Reactor
Coolant (pCi/g)

1.9(-2)
9.8(-2)
2.4(-l)
5.3(-2)
1.8(-l)
4.4(-3)
1 .l(-1)
2.0(-l)
1.7(+l)
1.2(-2)
3.1(-1)
8.0(-3)
3.9(-2)

4.2(-3)
2.3(-3)
2.7(-4)
1.8(-3)2.3(-1)

8.8(-2)
3.3(-I)
4.2(-2)
1.7(-l)

8.0(-5)
1.8(-l)
2 .4-2)
1.2 -2)
1 .7(-2)

4.0(+l)

1.0(0)

1.6ý-3)
2:6 -4)

1.4(-2)
1.7(-3)3.0(-4)

8.6(-6)
5.2(-4)1: .0-6)
3.2(-4)
5.5ý-5)
3.0 -5)

Secondary**
Coolant (uCi/g)

6.3(-9)
3.4(-8)
8.2 (-8)
1.8(-8)
6.o(-8)
1.5 (-9)
3.8 (-8)
7.0 (-8)
5.8(-6)
3.9(-9)
1.1(-7)
2.7(-9)
1.3(-8)

3.4(-10)
1.8(-10)
2.1(-11)1.4(-lO)

1.9(-8)
6.9(-9)

2.6 -8)

2.3(-9)

1 .0(-6)

1.0(-3)

1.3(-1O)
2.8(-11)
1.1(-10

1 3 - 10 ý2.8 -11

7.1 (-13)
4.3(-11)8.6 -14)

2.9 -1l)
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TABLE 3.3 (cont'd)

PREDICTED RADIONUCLIDE CONCENTRATIONS IN

REACTOR COOLANT AND SECONDARY COOLANTt

Nuclide

9 5Zr
95Nb
9 9 Mo

* 9.9mTc
103Ru

*lO6Ru

10 3mRh
106Rh
125mTe
12 7MTe
12 7Te
12 9mTe
129Te
1 3 1mTe131Te
1 3 2 Te

*1 3 7mBa
140Ba
14OLa
141Ce

14 3 Ce144Ce
*14 3 Pr
*I 4 4 Pr

2 39 Np

Reactor
Coolant (vCi/g)

5.1(-5)
4.3(-5)

3.8 -5

4.0(-5)

8.9(-6)
2.5(-5)
2.4(-4)
7.4(-4)
1.2(-3)
1.4(-3)
2.2(-3)

1.4(-2)
1.9(-4)
1.3(-4)
6.o(-5)
3.5(-5)2.8(-5)
4.3ý-5)
2.9 -5)
1.0(-3)

Secondary**
Coolant (pCi/g)

4.3(-12)
2.8(-12)
5.7 (-8)
2.9 (-8)
2.8(-12)
7.1(-13)
2.9(-12)
7.3(-13)
1 .4(-12)
1.4(-ll)
5.8(-Il)
9.9(-II)
1.2(-lO)
1.4(-1017 31-lI)
l:4 -9)
1.2(-9)
1 .4(-ll)
1l.O(-ll)

4.3(-12)
2.9(-12)
2.8(-12)
2.8(-12)
2.9(-12)
8.6(-11)

t - Prediction based on ANSI N237-1976 Standard (7)

* - Radionuclide treated in ANSI N237-1976 but not
directly measured at Rancho Seco.

** - Calculation assumes all volatile treatment
chemistry for secondary water.
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TABLE 3.4

PARAMETERS USED TO ADJUST N237 REFERENCE

PWR PREDICTED REACTOR COOLANT CONCENTRATIONS TO RANCHO SECO STATION

Parameter

Thermal power

Steam flow rate (all generators)

Weight of water in reactor coolant system

Weight of water in all steam generators

Reactor coolant letdown flow (purification)

Reactor coolant letdown flow (yearly average
for boron control)

Flow through the purification system cation
demi neral i zer

Ratio of condensate demineralizer flow rate
to the total steam flow rate

Ratio of the total amount of noble gases routed
to the gaseous radwaste from the purification
system to the total amount routed from the
purification system (not including the boron
recovery system)

Symbol

P

FS

WP

WS

FD

FB

FA

NC

Unit

MWt

lbs/hr

lbs

lbs

lbs/hr

lbs/hr

lbs/hr

Rancho Seco
Value

2772*

1.22(7)*

5.07(5)**

1.0l(5)**

3.50(4)**

2.53(2)t

0.0÷t

0.77**

Y 0. 0*

* Information from FSAR (9).

** Based on information obtained during measurement program.

t Estimated using plant personnel's suggestion of integrating over a yearly
cycle boron decrease from 800 ppm to 10 ppm.

tt A cation demineralizer is installed but was not in service during the
measurement program.
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TABLE 3.5

COMPARISON OF PREDICTED AND MEASURED

RADIONUCLIDE CONCENTRATION IN REACTOR COOLANT

Nucl i de

8 mKr
8 5Kr
8 7Kr
88Kr

13 1mXe

1 33Xe
135mXe
1 3 5Xe
13 7 Xe
1 3 8 Xe

84Br
1311
1321
1331
1341
1351

8 8Rb
8 9Rb

1 34 Cs
1 3 6Cs
1 3 7 Cs
1 38Cs
1 3 9 Cs

4 1Ar

Predicted t

Concentration
(pCi/ml)

9.8(-2)
2.4(-l)
5.3(-2)
1.

2.0(-1)1 7(+Iý1:2 -21
3.1(-l)8.0 -3)

3.9(-2)

2.3(-3)
2.3(-1)
8.8(-2)
3.3(-1)

1.8(-l)

12.4-2)
1.27(-2)
1.7(-2)

1 .0(04)

18.6(-6)
5.7(-4)

1 4(3
8.6-4

1 .6(-3)

2.O(-4)

8.6(-4)

l5.7(-3)

Measured Concentration
Before Refueling After Refueling

(VCi/ml) (yCi/ml)

4.5(-2)
<6.2(-2)
5.5(-2)
9.5(-2)
3.7(-3)
2.2(.-2)
7.9(-1)
6.4(-1)
3.0(-1)
<8.7(0)
6.7(-2)

9.0(-2)
1.6(-2)5.2(-2)
4.5(-2)

7.4(-2)
5.8(-2)

1.4(-l)
<3.8(-2)5.4ý-3)

2:2 -46.5ý-3l
9.9(-2)

1.16(0)

6.5(-3)

2.2(-1)

2. 1(-5)
12 .2-2)
2.1(-4)1 1(-21:1(-3ý
7.8(-3)

8.8(-4)7.9(-5)

4:2(-2)1.5(-3)

2:4(-4)
<2.3(-5)
4.0(-5)
2.7(-6)
<5.0(-4)

5.3(-2)
<6.5(-l
4.9(-2)
8.0(-2)
3.4(-3)
6.0(-2)
2.1(0)4.3 -1)

5.2(-l)
<3.6(-l)
2.4(-l)

8.9(-3)
8.8(-3)
4.2(-2)
3.6 -2)7.1 ý-2)
4.8 -2)

1.1(-l)
<5.1(-2)
9.3(-3)
1.4(-4)
1.1(-2)
9.2(-2)
5.6(-l)

1.4(-2)

2.5(-l)

1.1(-2)

<2.7(-4)
7.7(-5)

1.1(-5)
<7.3(-6)5.5(-4)
7.0(-5)

<1 .2(-5)

<7.5(-4)

3H

24Na
32p
5 1 Cr
5 4Mn
55Fe
59Fe
5 7 Co
5 8Co
60O
6 3Ni
6 5 Zn
89Sr
90Sr
9 1Sr
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TABLE 3.5 (cont'd)

COMPARISON OF PREDICTED AND MEASURED

RADIONUCLIDE CONCENTRATION IN REACTOR COOLANT

Nucl ide

9 my
9 1y
9 3 y
9 5 Zr
9 5 Nb
99Mo

10 3Ru
l 06 Rh
SlomAg

124Sb
125Sb
12 9 mTe
1 2 9 Te
1 3 1Te

1 3 2 Te
1 3 9 Ba14OBa
14OLa
14 lCe
143Ce
14 4 Ce
15 2 Eu
'54Eu155Eu
187W
2 3 9 Np

Predicted t
Concentration

(PCi/ml)

3.2(-4)
5.5(-5)3.0(-55
5.1(-5)
4.3(-5)

7.2(-2)
3.8(-5)
8.9(-6)

1.2(-3)

2

1.9(-4)1.3ý-4)

6.0 -5)
3.5(-5)
2.8(-5)

1.0(-3)

Measured Concentration
Before Refueling After Refueling

(VCi/ml) (uCi/ml)

<5.0(-4)
1.6(-5)
<2.2(-3)4.6(-4)
8.0(-4)

1.9(-3)
1.1(-4)
<1 .6(-4)
1 .5(-4)
5.7(-5)
<4.7(-5)
<3.2(-4)
<6.0(-2)
<4.0(-4)5 ,91-3)
3.4 -5)

1:6 -

1.0(-4)
4.1(-5)
<1 .4(-4)
3.8(-4)
<9.6(-5)
<l .3(-5)
<2.2(-4)
2.9(-3)
1.2(-3)

<1 .4(-3)

<2.3(-3)
<1 .1(ý-5)
<9.3(-6)

1.l(-3)
<1 .2(-5)
<1.8(-4)
<1 .8(-5)
<5.6(-6)
<4.1 (-5)
<2.2(-4)
<6.9(-2)
<3.4(-4)
<7.0(-3
<1 .7(-5)1.4(-2)
2.8(-4)

<8.4(-5)
<3.9(-5)
<1 .9(-4)
<4.2(-4)
<5.8(-5)
<1.3(-5)
<3.5 (-4)
1.8(-3)
<l.1 (-4)

* Radionuclide not treated in ANSI N237-1976.

** Analysis not performed for radionuclide.

I Prediction based on ANSI N237-1976 model (7).
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3.2.3 Spiking Studies

As noted in section 3.2.1, reactor coolant concentrations of
the radioiodines, cesiums, and most crud-associated radionuclides spike
strongly during abrupt reactor power changes. Three such spikes resulting
from reactor shutdowns were followed in detail. Reactor coolant samples
were obtained on approximately an hourly basis during the spiking studies.

On 9/10/78 Rancho Seco underwent a hot shutdown. Reactor power
started declining between 0400 and 0500 and reached zero power between
0600 and 0700. Complete shutdown lasted about six hours. The power
increase was quite gradual starting at about 1300 hours and not reaching
100% power until about 0600 hours on 9/11/78. The reactor coolant
concentrations during the shutdown period were studied in detail.
Samples of the reactor coolant were obtained approximately hourly from
about 0700 to 1400 on 9/10/78. Results of the analysis of these samples
are presented in Appendix Table B.2, and results for 1311, '34Cs and
58Co for the spike period are displayed in Figures 3.6, 3.7, and 3.8.

As indicated in Figures 3.6-3.8 and Appendix Table B.2, spiking
for most longer-lived nuclides appears to have reached a maximum at about
1400 hours on 9/10/78. The actual point of maximum spiking is difficult
to determine since the reactor power started to raise at 1300 and spike
sampling stopped at the SMUD shift change. During the early stages of
the measurement program, SMUD personnel were required to draw samples.
For other special situations (e.g., spikes) later on in the measurement
program, arrangements were made to continue sampling after shift change.
The apparent maximum spike occurred 9 to 10 hours after the start of
power decline and 7 to 8 hours after 0% power was reached. The shorter-
lived nuclides spiked earlier. The measured concentrations of 1311,
1 34 Cs and 58Co spiked at values of about 38, 9.2, and 21 times the
prespike levels, respectively.

On 11/15/78 the reactor went to cold shutdown for refueling.
Prior to power reduction the power level had been steady at 91%. Power
reduction started at about 2200 hours on 11/14/78 and 0% was reached at
about 0200 on 11/15/78. In addition to collecting reactor coolant samples
on an hourly basis, certain reactor conditions were recorded from the
control room instrumentation. Reactor conditions corresponding to
samples obtained during the spiking study are presented in Table 3.6.
Reactor coolant temperatures and pressures were kept up until about 0800
on 11/15/78 when a gradual cooldown commenced. Cooldown was completed
by 1700 hours on 11/15/78. The results of analyses of the samples
obtained are given in Appendix Table B.2. Figures 3.9, 3.10, and
3.11 display the 1311, 13 7 Cs, and 58Co behavior, respectively. The 1311
concentration reached a maximum concentration at about 0900 hours and
remained essentially constant until 1200 hours. The cobalt activities
(60Co and 58Co) exhibited a minor spike at about 0600 hours, and then
spiked strongly at about 1000. The longer-lived radiocesiums reached
maximum concentration at about 1200. Thus, depending on the nuclide,
maximum spiking occurred from 7 hours to 10 hours after 0% power was
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FIGURE 3.6

1311 CONCENTRATION IN REACTOR COOLANT DURING 9/10-11/78 SPIKING STUDY
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FIGURE 3.7

137Cs CONCENTRATION IN REACTOR COOLANT DURING 9/10-11/78 SPIKING STUDY
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FIGURE 3.8

58oCONCEtNTRATIONI IN REACTOR COOLANIT DURINIG 9/10-I1/78 SPIKING STUDY
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TABLE 3.6

REACTOR CONDITIONS DURING THE 11/14-15/78

SPIKING STUDY

Sample Letdown Coolant * Coolant **

Number Date Time % Power Flow (GPM) Temp (°F) Pressure (psi)

82 11/14/78 2155 91 75 558 2140

83 11/14/78 2257 28 75 567 2130

84 11/14/78 2357 3 75 574 2140

85 11/15/78 0100 3 75 565 2130

86 t 11/15/78 0100 3 75 565 2130

87 11/15/78 0200 0 75 551 2140

88 tt 11/15/78 0303 0 75 537 2145

89 11/15/78 0403 0 75 529 2150

90 11/15/78 0503 0 75 531 2135

91 11/15/78 0601 0 75 527 2145

92 11/15/78 0703 0 75 529 2140

93 t 11/15/78 0706 0 75 529 2140

94 tt 11/15/78 0800 0 75 530 2170

95 11/15/78 0905 0 75 510 2110

96 11/15/78 0958 0 75 485 1940

97 11/15/78 1100 0 75 485 1715

98 11/15/78 1200 0 60 460 1400

99 11/15/78 1300 0 50 420 900

100 11/15/78 1400 0 60 375 525

101 t 11/15/78 1403 0 60 375 525

102 11/15/78 1506. 0 50 340 325

103 11/15/78 1600 0 50 320 200

* Recorded temperatures are average figures for Tc steam generator out.

•* Average of registered pressure of loops A & B.

t Liquid bomb samples obtained for noble gas determinations.

#t Letdown filter and purification demineralizer effluent sampled along
with the reactor coolant.
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FIGURE 3.9

131I CONCENTRATION IN REACTOR COOLANT DURING 11/14-15/78 SPIKING STUDY
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FIGURE 3.10

Cs CONCENTRATION IN REACTOR COOLANT DURING 11/14-15/78 SPIKING STUDY
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FIGURE 3.11
5 8 Co CONCENTRATION IN REACTOR COOLANT DURING 11/14-15/78 SPIKING STUDY
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reached. As observed during the 9/10/78 spike, the shorter-lived
radionuclides tended to spike much earlier. At their maxima, the 1311,
1 34 Cs and 58Co activities reached levels of about 13, 4, and 37 times
their pre-spike levels, respectively.

Results for three samples that contained noble gases are presented
in Appendix Table B.I. All of the noble gases registered their maximum
concentrations in the sample obtained at 0100 hours. This rapid spiking
is consistent both with the generally shorter half-lives of the fission
gases and with their high mobility during a diffusion-type release. The
paucity of gas data precludes a complete analysis of noble gas spiking.

Analysis of purification demineralizer effluent data accumulated
during the 11/15/78 spike (see section 3.3.3) generated an interest in
following the behavior of the letdown demineralizer during reactor
coolant spiking. Thus, when a hastily scheduled hot shutdown occurred
on 1/20/79, a modified system of spiking study was employed. Power
reduction commenced at about 0600 on 1/20/79 and 0% power was reached at
about 0900. The complete shutdown lasted for about seven hours and the
power reached 91% at 2100 hours where it was held until about 0600 hours
on 1/21/79 when the final increase to 100% was registered. During this
spiking study, samples of the purification demineralizer effluent were
taken hourly, along with samples of either the letdown filter effluent
or the reactor coolant. The letdown filter and the reactor coolant were
alternately sampled so that each was sampled every two hours. The
discussion of the results for the letdown components is reported in
section 3.3.3. This method of spike studying provided a reactor coolant
sample at approximately two-hour intervals rather than the normal one-
hour spacing; however, for the soluble species such as iodine and cesium
whose concentrations are not appreciably affected by filtering, the
letdown filter effluent provides data indicative of the reactor coolant
concentrations between actual primary samples. Samples were obtained in
this manner from 0605 to 1900 hours on 1/20/79 and then with somewhat
less than a two-hour frequency until 1214 on 1/21/79. Analytical results
are given in-Appendix Tables B.2 and B.3, and the combined RCS and
letdown filter effluent concentrations for 1311 and 1 34 Cs are displayed
in Figures 3.12 and 3.13. The maximum concentrations for 1311, 134Cs,
and "BCo were all registered at 1638, some 7.5 hours after complete
shutdown. The 13 7 Cs concentration spiked somewhat later at 1904. The
maximum concentrations reached during spiking for 1311, 1 34Cs, 1 3 7Cs,
and 58Co were factors of about 74, 1.5, 1.8,and 9, respectively, greater
than pre-spike levels.

3.3 Discussion of Measurement.Data - Makeup and Purification System

3.3.1 Sample Characteristics

Sample points available from the makeup and purification
system include (1) the effluent of the letdown filter, (2) the effluent of
purification demineralizer A, (3) the effluent of the makeup filter, and
(4) the makeup tank effluent as shown in Figure 3.2. Samples of these
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FIGURE 3.12
131! CONCENTRATION IN REACTOR COOLANT DURING 1/20-21/79 SPIKING STUDY
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FIGURE 3.13

134Cs CONCENTRATION IN REACTOR COOLANT DURING 1/20-21-79 SPIKING STUDY
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streams were taken approximately weekly from 9/7/78 to 2/21/78. Not
all sample points were sampled on a weekly basis as the emphasis was
on evaluation of the purification demineralizer. The makeup filter
effluent and the makeup tank effluent were sampled much less frequently
than the other sample points.

Table 3.7 lists dates and times of sampling of the makeup and
purification system, identifies the components sampled, and presents the
letdown flow rate and reactor coolant chemistry information applicable
to these samples.

3.3.2 Letdown Filter

Analytical results obtained from samples of the letdown filter
effluent are presented in Appendix Table B.3. Decontamination factors
(DF's) for the letdown filter were calculated by dividing the measured
reactor coolant inlet concentrations (Appendix Table B.2) by the
corresponding effluent (Appendix Table B.3). The calculated DF's are
tabulated in Table 3.8. Figures 3.14-3.17 graphically display the
results for 2 4 Na, 54 Mn, 59 Fe, and 58Co.

Cleaning of the letdown filter is accomplished by backflushing
the filter and sluicing the trapped material to the radwaste crud
tank. These backflushes are performed at intervals dependent on the
pressure differential registered across the letdown filter. The irregular
timing of the filter backflushes precluded establishing a sampling regime
to test their effect on the filter efficiency. Prior to refueling some
shifts recorded as many as 5 backflushes/shift while after refueling the
backflushing frequency was about one per week. From the reactor operator's
log, the times and dates of filter backflushes performed during the
measurement period were established. Using this information, DF's
across the letdown filter were classified as either "clean filter" or
"dirty filter" DF's according to the relative time since the last filter
backwash (relative to the recorded duration between backflushing
operations). Some measured DF's could not be clearly categorized. The
DF measurements at 1431 on 10/24/78, 0800 on 11/15/78, and 1116 on 2/8/79
were classified as dirty filter measurements while those at 1438 on 9/22/78,
0942 on 11/1/78, and 0953 on 2/21/79 were classified as clean. The
average clean filter DF's for 6 OCo and 54Mn were 1.7 + 0.2 (0) and
1.36 + 0.07(0), respectively. The average dirty filter 6 0 Co and 5 'Mn
DF's kere slightly lower at 1.5 + 0.3(0) and 1.3 + 0.2(0), respectively,
but no statistical significance Zan be attributed-to this difference.

While reviewing the times and dates of the backflushing operations,
an interesting observation was made concerning the letdown filter effluent
sampled at 1145 on 11/13/78. The reactor operator's log records a filter
backwash at 1141 on 11/13/78. Depending on the duration of the back-
flushing, it is possible that the letdown filter was actually bypassed
for backwashing when the 1145 sample was taken. An examination of the
DF's calculated for this sample shows all DF's for crud-associated
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TABLE 3.7

MAKEUP AND PURIFICATION SYSTEM SAMPLE INFORMATION

Components
Sampl ed

4J

4J 00
4J)o •

4-• *,- LL.
i- E
*'CD =

C>.

C)

Time[I 
1

1140
1456r2]1400-•

1440
1145
1429
0942
1156[31
0:310301302 3
0945 4]
1 306
09561412 3

0705 [310758[3-3
o8581-
09351311171 3
12151 3
1321[3 .
14063 1
1509E 3-
174013
1404[3,
21111 J
2320o13
0100 [3]
1214 [ -

1337
1112
0907
0946

Letdown
Flow Rate

(GPM)

Power
Level
(N P)Date

9/7/78
9/11/78
9/20/78
9/22/78
10/4/78
10/24/78
11/1/78
11/13/78
11/15/78
11/15/78
11/29/78
1 / 3/79
11/11/79
1/17/79
1/20/78
1/20/78
1/20/79
1/20/79
1/20/79
1/20/79
1/20/79
1/20/79
1/20/79
1/20/79
1/20/79
1/20/79
1/20/79
1/20/79
1/21/79
1/21/79
2/2/79
2/8/79
2/14/79
2/21/79

x x
x x
x x
x x
x x
x x
x x
x x
x x
x x

x
x x
x x
x x

x
x x

x
x x

x
x x

x
x x

x
x x
x x

x
x x

x
x x

x
x x
x x
x x
x x

x
x
x

70
X 100

65
65
70
72
74

X 70
75
79[4
45[4

X 100
70

X 70
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
70
70
70

x 72

100
100
100
100

97
70

100
91
0
.0
0

100
100
100
100
50
17
0
0
0
0
0
0
0

20
56
91
91
91
91

100
100
100
100

Boron

176
248
148
145
ill

47
25
14.2

106
513

1876
881
869
848

7.35
7.05
7.45
7.45
7.6
7.95
8.2
8.65
7.7
6.9
5.45
6.15

[5]
6.4

[5]
13.0
18.0

[5]
18.0
16.0
14.0
15.0

[5]
[5]
[5]
9.2
[5]
[5]

[5]

[5]
[5]
[5]
[5]

17.5
17.0

Conductivity
pH , (mhos)

[5] [5]

840
840
800
776
760
734

6.5
6.5
6.6
6.6
6.5
6.4x
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TABLE 3.7 (cont'd)

MAKEUP AND PURIFICATION SYSTEM SAMPLE INFORMATION

* No record was kept of whether makeup filter 230A or 230B was in service. The
units are indentical and data are a composite of both filters.

[1] Time recorded is the sample time for the letdown filter effluent if it was

sampled, if not it is the earliest time in the sample series.

[2] Sampled in triplicate for sample validation (see section

[3] Samples obtained during reactor coolant spikes.

[4] Sampled during the refueling outage at a local sample point at the demineralizer.
Residual heat removal system was in use. Inlet water was the same as the
refueling cavity (see section

[5] Not recorded.
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TABLE 3.8

DECONTAMINATION FACTORS FOR LETDOWN FILTER

REkCICB CL0.id4fN-1 LEILOVt' FILIEF - CF

DAT f1]PE

ncut.. rF

-131
-132
-133

1-13!
RE-P8

CI-134
CS-13tCS-137
CS-136
cs-i?9
CC-27

I.hh-5 e

c C -1, 60
,FE-58;

zh-f5
SF-91

2R-95

iMC-99

PUC-106
AG-ict'
SD- 12X

E-129P
E-129
E- 13 11t

HE- 13 1
1 E-132
A -139

BA-14C
LA-14C
CE-14?CE-I 4.3
CE-144
EL-152EU-156
h-1 7
NP-ac

114C
9/11
1 ' 54

q/22
1438

101 4
112t

lOI24
1429

C-ECONtHINA.1Ct FICbOk

E.33 2.U(-1)
9.e2t.62 -1)
1.024.C1 ()
5.35!TC-7-lJ•.7"71. 11-I )9.70T. 13-3)

3 .2,4.17(-.()
N•I. 1

6.6211.6(-1)

9;.95+.1C7 (-'1)

9.52±.34 4-li

9.471.(18 1-i)
F.91"12.41 C)
3.C04.]1? LI

Nt$FE 2
6.6241.64 0)

'2*01 C)
4.591*074 0
2. 14.Pl 0)

>4.5 ( 0)
>14.11 0)

TCTE 1
NiTE 1'2 .•l' C)

N l, •F IM:TE 1
NOTE 1

NT rE I,•0TE 1
NOT E 1

fiCTE 1
iLTE I

1.2.+.4-liC
8.31.5 (-1)

'298~1t-1)1 .3P! .C1 0)
3. 761.07-111.VF1*c1( c

f.631.23 -1)
x .2 41.74 4-1)

1•411.021 C)
I ?%-!.o1( C)
3.:?7.21(-,2)1,;• T If. i
9 *,*3+.* I(-A 1)

C 'i- C E I
2.13_,o5te C)

2.221.0 1 C)
2.064.11 C

iCI E J
l rIF 1

NC, E 1
>3.2 0)

3.84;.(,t9-1)

?BTF I
'1l.4 1 C)

rA{: F. I

NCTE I
'id 0- ( 0)

L! C' 1

TE 1
1.E04.324 0)

,r T E 11"c '•(T I a 7)
'1.7 TC)

~tCTE I

N( ' iE 2

NL E 1
NKTE 1

2.41*.6 (-l )

7;.10 -1)
t.04±.0og4-i)

NC;'i3 1
1.t'9+.Cif 0)

7.62;.294-2)
8.251.154-1)

C3.34-1)

.:, +. 014 C:2.147.07 (4 (1

1.F2;.03( 0)

NOTE I2
NU'E 1

'1.4( C)

1.051.014 0)

3.394*53( 0)
arT E 1

>2.9( C1
1.664.25( C)

NCTE 1
NOTE 1
N fE 1

'2.4 -1)
'8*31-2)•f.3E I

1.084.111(0)
NrTE 1

>3.UI C)
k.TE 1'3.74 LI

• 1

?d]FE 1
1.Ce±.34( U)

>3.5i 0)

'11944 0)
9.22+. 30(-1)
9.521. l-1)
9.42T.1C5-1)
I.J'7;.i(-f )
-9.e2 .e3i-l)1.4.Cl24 (-1)
9.059 331-1)Nci E 1
E.82?.CF(-l)
7.411.394t-l

6.9± . 14(-1)

3.511.13 0)
2.3?.21 e Q)

>4 96. 0)
2:73.2 5t 0)
?,67-1 1.3( 0)
3231.C(4 C)
3.00 .31 0)

NlI 11NOI E I
NOTE 1

.131.,48( C)
4. 48.1:4E (C)
1.04 (.Cit C)
2.004.63( 0)

iZ T I 1KOI t I
1.3Z+.'•6(0)

NOTE 1
NO1 E 1
NOT E 1
NOTI I

>4.8 (-1)2.22+1.14 .)

1.42+.13( C)
141137E 1

'C4.6 4-2)
NOTE 1N•CT E 1
tdJTE 1

20+81.21( 0)
E:5713.1( 0)

>7.94-1)
C3±.01Ol )

1.054.014 0)
L.04!.ijl4 0)
1 127.031 0)
1.02l.02( 0)
I 071.54( 0)

NM(E 1
9 291.11(-1)
1:.1411l.94 0)9.681.114-1)
1.16 .18( C)

1.08e.03( 0)
2.341.08( 0)

>3.8( 0)
2.64 .26( 0)1.504.164 0)1
7.5032.4(-1)
2.101.02( 0)
2.04 .06O)

NUTE 1
NOtE I
NOTE I

2.15t.?-4 0)
1.981.224 0)
1 22±002( 0)

N T-E 1

NOTE 1
NG7 E 1
NOTE 1
NOTE I
NOTE 1
NOTE 1

NOTE 1
NOTE I
NOTE 1

1.5%1.131 0)
2.844.t354 0)

NCTE IS IHEE•F DIIA Fri 'Ie z HAt FE I. EF'I @fF LUE ICI'ALF LIFE CLRCTPIC NS
LP iHEF FPCBLE' AýSýUCIAIED ri1H AkITHE•IIC UPEFATIEt, WITH < NUMBERS



TABLE 3.8 (cont'd)

DECONTAMINATION FACTORS FOR LETDOWN FILTER
hi-E4CTEI LLTU PiýT LE-1.E CI,•' F!LIEtO - L t

311 1 11/13 11/15 11l

CEC('tTAt'PI-ATIL., ftCTI~k

1/ 3
1059

fit;( tj EBR-8',

1-131
1-132
1-133
1-134
1-1211

CS-134
c :13C1$-137

CF-!1
PN~-54

FE-Si

oCL-,E
co-6c
2N-6v.

o-91

FG-99
pu-lC3RUC-lCt
ACG-11CN
SE-124
SE-12!
1E-12s9
7 E-'A2 9
TE-13 3M
TE-131

1e-143
LE-IAC
EI-141FD-143

CE-4

EU-1 5 2
EL-15 4
EU-IF.!
10-16714F-2 39

NfwTF 1
1.04±.C( 0)

.iZ2T.01 ( C)
1.611.21( C)

I\CTF 1

9.91 ..19 -1)

•.49 .l5r C)
2.171.2( 0)
1 •.5,7.3( C)t.25; 1.3 (-11

1 LY 11 4 ,c3(i].U1+.CM( C1
f;lIE I

N L TF 1

P LTE c

rNVTE ]

L I

i oh ( c U
Nr:l E3I

NCI7E 1
LTF! I

T E 3
NLTr 1
N.- E I

i.t4l.i'( L)
90 C1 0,

!.LIE I

a.c{',..c; Ci
1. ._.C?. ( c)
I .'LI:4.VtCP (C)

I1•E 1
9 t 1 .09 a-1)

1 •o'.o4 li 0

1.Cf4l.q44 0)

9. F(.2.14-i)
1.0'c.0ll C)

'1.11•.4 O)

r T E i
L• I E I

St•-E 1
?9. T 70 -1)

NL 7E 1

<IC2.I9( 0)

INLTE i

1." bt( C)1

NtiTE I
NLITF 1
j,(VTF 1

~1

1 C9+ ? )

1.28(.o7( c)

NO0E 1I * i+. 021 )
1.A2j.u8 I C)
1 .131.02 c)
I i9•.• 4 )
1 1EI.CI( C)
1.+0 C)

6 ,'f 1
1.2.011 Li

•i'•E 1
N0iE I

1.161.044 0
1 . F C C 2 IC

• 7 e, (. C)
1.cýC.ce 0)

1.127.05f O)

1.8-14.03( 01

}i: 1.02t )

NETE I

'].ttj4( C)

(3.9(-1)
2 CE•±.ObI 4d)

1.9!8.03( 0)
I.31.O24 C)

L TE 1

1.9231.70 0)'2.31 Cl
)",o( C)
t'i.lE 1
NTUL 1
14;TE 1
NOTE I

1.h3T.771 E)'1.01 C)

NaTE 1

1%UVE 1
NUTE 1

1.621.251 C)
1*98±*25I C)

>101( 0)
1.191.C2( 02 :8 31 C4 (C
I .11±.C1i 0)

11.31 C)
1:12!o(2( 0)

I•rE 1

1 33± C31l

ALTE 1

6.77.*23(-1)
1.27 oClt C)I .474 .C2 0)
1.b6 .: O( 0)
7 .5sV;.ot
1.527.111
1.2-5;.C2( 0)
1..33:,.C1( 0)NuTE 1
2.6711.4( 0)

'9.03 4-1)
2. 751.5 2 0)

1.63t.C4( 0)
1.1 .tC( 0)
1.44.C7( 0)'>sltT 1

1.313. 19 0)
<6.3 1-1

NOTE 1
NOTE I

NCTE 1

3.974.12( 0)
3.30!lo7t 0)

'1.l4 ( 0)
NOTE IIsOT E 1NGT E 1

(5*4 4-1)
NOTE

1.29±.2C I C)
I 50±.C9 C)

'5.81-1)
1.40+.021
1.385.06 01

6 76l.17(-1)
1.35+.02( 0)
5 .71.95(-1)

NOTE 1
1.18.CZ( C)
1.464.64( C)1:,171 0 o )

"9 .1-1)
NCTE 17"20"'.2ý(l)538

.067.10o1 C)
NOTE 1

4.841.15(1 0)

3 9 16f0)
.95•olb 01'6.83+.(-1)

I*5.014 0)

).1 4( 0)
NOTE 1

'1.71 0)
1.8841.11 0)

NOTE I
f1OTE 1
NUrE 1
NOTE I
NOTE 1
No I E 1
NOI E 1

'1.11-1)

>1.8 C I
NOTE 1
NOTE 1
NOTE I
NOTE 1
NOTE 1
NOTE 1

1.464 81) 0)
NOTE 1.
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TABLE 3.8 (cont'd)

DECONTAMINATION FACTORS FOR LETDOWN FILTER
RE4,C1fk COOLANT LElIO)N FjLIER - OF

T1IfETIP•E

YtLLLE

isD-P 4
-131
-132
-133

-134-135
11-bb

CS-13e

CS-13tES-137S-13E

NA-24
CR-5 I
"~N.- 5 4

FE-S 9a o- !. -,
C0-5e

0c 1c -60
P-43

-' -; 3
Z.P -9 5me-95•

RU- 1C3
LC-IC6AG-L1CP

S B-12.5IE- 12 9f,
E-1 29
E-13]1
E- 132

1E-132
BA-]?9
BAD-1'gC

AE-14C
CE-142
C:E-i 144
EU-152
EL-154
k-1867Np-239•

9/3A
938

1/11
11,1,9

15061'506 132t135! Z/ 2
1337

VECUT6i'i ATiCN FkCTOk

NOTE 1
S.234.*16-1)
1.17.C'9 0)

1.334.C31 0)
1.102.L3( C)

1,331.12( 1
1.031.011 0

)ýlit 0)
C-TF I

1.324.L3( 0)
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TABLE 3.8 (cont'd)
DECONTAMINATION FACTORS FOR LETDOWN FILTER

17 E, it kU LA [\ L E IUGN t IL IER - C f

BR-84

RB-be

V.13

cs-13q

Cp-. 1

Ct-5E

SR-9.&

1- 1 i$

I4E-9 f

1 1-i

RU-1C3
FL£t-1Ct
AG-1ICI.

E-135

II-III'
B.- 1 -Ee

CE-J43

HE-1.3F

E04-15 4FE-55k

Eh-l~r7

Ni'-239

21 t
1113

2/14
S04

2/21
949

49i.73.U7 OfI
I ,?ull.C1-L )
1.clt.C2( Q V

1.OC±.Li( 0)
1.121.(4( fl)

NrTF 1

r 1

1.131.C2( C)
]ccl±.Cdb4 C)

(S ,;4• 2)>lI.H Ci
t., I E 1
7 3 (-1)
N•T[ 1

ot. F L

t;r C1E I
N(1F 1
to IU I

NtTE 1

FLTE 1
NCTE I

•C,% t I

9:.29,_•1..7 4-1])
'7. t C)

N TdE 1

t'l.7 E 1
f .8 , 41 .9 31

'1i.14 0)>.,3{ ±.

9.90 4.24(-1)
(Y.7617,4?t

9*9312.141I

5.,C,41 (-1)

4iVTt 1

',.34 0)?,C1F 1

)14.7(-Il
J .f!"E 1
fQ1E 1
tCVE 1t~C~ 1

9.*04.lb -i)u~L1C 1

J LIE I
JLEE l?cIlF I
t.1c i E

I(TE 1
tClE 1UJC7E I

a6°.54-1)
'LT E 1

NCf E 1

11.9( 0)
NCTE 1

4ý .t34 .l-

N rTE 1

.1.(~ * l
114T.02o C)

1.191,C3( Q)

7.43T.73(-1)

I.C734.C2( C)
I.l~;I.014 )

1,C74+,24 C)

N E I
1.73+.te( C)
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1 09( Ci

1.721.§4( C)
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NLIJE I
NaTE 1
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NGOTE I
NOrE 1
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FIGURE 3.14

2 4 Na DECONTAMINATION FACTOR FOR LETDOWN FILTER
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FIGURE 3.15

54Mn DECONTAMINATION FACTOR FOR LETDOWN FILTER
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FIGURE 3.16

59 Fe DECONTAMINATION FACTOR FOR LETDOWN FILTER
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FIGURE 3.17
5 8 Co DECONTAMINATION FACTOR FOR LETDOWN FILTER
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radionuclides to be statistically equal to 1.0. We, therefore, conclude
that the filter was bypassed during the collection of this sample, and
the resultant data were not used in computing the average filter DF's.

The dependence of the DF's registered across the letdown filter
upon the inlet crud-associated radionuclide concentration was studied.
Plots of the filter DF versus inlet concentration for the usual crud-
associated radionuclides were inspected both visually and using least-
squares linear regression techniques. No strong correlation between
inlet concentration and DF could be established.

Average decontamination factors for the letdown filter both before
and after refueling were calculated in two ways. The instantaneous DF's
were tested for flyers using the Dixon outlier test (10), flyers were
removed, and an error-weighted average was performed to calculate an
average DF. In addition, "best value" DF's were calculated by dividing
the average inlet (reactor coolant) concentration of each nuclide by the
average concentration of the same nuclide in the letdown filter effluent.
While the first technique is algebraically correct and yields results
with generally lower relative errors, the second technique allows the
estimation of decontamination factors for those isotopes which are not
detected with any regularity in either the inlet or outlet streams.
Since the filter DF did not appear to be sensitive to the inlet concentration,
averages of the instantaneous DF's were not limited to steady-state
power operations and include results measured during reactor coolant
spiking. Averages obtained by average inlet over average outlet use
only the steady-state averages. Table 3.9 presents the average letdown
filter DF's computed by both methods for the measurement periods before
and after refueling.

3.3.3 Purification Demineralizer (D-225A)

Sampling frequency, reactor power, and reactor coolant
chemistry information concerning measurements across the purification
demineralizer (D-225A on Figure 3.2) are presented in Table 3.7. The
purification demineralizer has a resin volume of 50 ft 3 (1.42 M3 ), a
surface area of 12.5 ft 2 (1.16 M2 ), and a design flow rate of 140 gpm
(5.05 lps). The exchanging medium is Amberlite IRN-15OLC, a mixed-bed
resin.

The results of analyses of samples obtained from the purification
(letdown) demineralizer outlet are presented in Appendix Table B.4.
Decontamination factors (DF's) were calculated by dividing the nuclide
concentrations measured in the effluent of the letdown filter (Appendix
Table B.3), which provides inlet water to the letdown demineralizer, by
those measured in the demineralizer effluent. The calculated DF's are
presented in Table 3.10 and are displayed graphically for 1311, 1 36Cs,
13 7Cs, "8Co, and 2 4Na in Figures 3.18-3.22. The most prominent features
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TABLE 3.9

DECONTAMINATION FACTORS MEASURED ACROSS THE LETDOWN FILTER

Before Refueling After Refueling

i~rttNucl i de
8 4 Br

1311
1321
1331
1341.
1351

8.3 ± 2.0(-l)*
1.07 ± 0.01(0)
1.04 ± 0.01(0
1.10 ± 0.01(0
1.02 ± 0.01(0
1.05 ± 0.01(0)

6.06 ± 0.35(-P)

cOO0

88Rb
8 9 Rb134Cs

136 Cs
137Cs
1secs
139 Cs

24Na
5 Cr
54Mn
56 Mn
59 Fe
57Co58Co
60Co
9 Sr
9 3y
9 SZr
9 5Nb
9 9 Mo

1.03 ±
1.17 ±
1.01 ±
9.61 ±

0:01 0

0.30 (-1)

5.0(-1)8.8 ±- 3.5(-I)
l~l _ 052(0)1.11 ±039 0

1.22 ± 0.54(o)
1.15, 0.40(0)
7.2 ± 4.6(-1)

9.2 ± 4.0(-1)
7.0 + 5.4(-1)
9.3 ± 3.8(-1)
1.03 ± 0.78(0)

1.18 + 0.50(0)
1.2 - 2.1(0)
7.8 ± 1.2(0)
1.38(0)
0.96 ± 1.6(0)
6.4 ± 9.6(-1)
1.0 - 1.7(0)
0.94 ± 1.6(0)

1.2 ± 2.3(0)
1.0 ± 1.9W()
1.41 , 0.86(0)

9.6 ± 2.3(-1)
1.03 ±0.nl(0)
1.03 ± 0.01(0O
1.00 ± 0.01(0)
1.05 ± 0.01(0)
1.06 - 0.0l(0)

9.02 ± 0.41(-l)

1.03 ± 0.01(0)
1.05 ± 0.02(0)
1.03 _ 0.01(0)
9.69 ± 0.33(-1)

1.06 ± 0.01(0)

1.28 0.04(0)

1.80 _ 0.33(0)

6.9(-1)
1.00 ± 0.22(0)
1.08 ± 0.17(0)
1.11 ± 0.17(0)
1.20 ± 0.22(0)
1.n8 ± 0.14(0)

9.? - 2.9(-1)

1.02 ± 0.19(o)
1.01 ± 0.61 (0)
1.00 ± 0.21 (0)
1.11 ± 0.15(0)

1.06 ± 0.31(0)

8.1 - 6.0(-l)

3.6(-1)

8.3 _ 6.0(- 1)
8.9 - 6.8(-1

1 0*
"**

1.14 -± 0.96(0)

9.44
1 .75
1.45
1.96
1.64
1.20
2.00
1.50

±
+
+

_+
_+
+_
_+

0.06(-1)
0.01(0)
0.01(0)
0.07(0)
0.02(0)
0.04(0)
.01(0)

1.4(0)*

1.2(05"

0.03 05
0.02 O)
0.01(0)

1.24 ±
1.75 ±
1.72 ±

0.01(0)
0.04(0)
0.64(0)*2.7_2.8 _±

2.05 ±
1.84 ±
1.13 ± 1.05 _ 0.02(0)



TABLE 3.9 (cont'd)

DECONTAMINATION FACTORS MEASURED ACROSS THE LETDOWN FILTER

Before Refueling After Refuel ing

D- 11Nucl ide

103RuD

iloMAg
124Sb
131Te
132Te
139Ba

0~i 14 3Ce
144Ce

239Np

1.45 ± 0.05(0)

1.39 * 0.24(0)
1.57 ± 0.06 (0)

1.11 ± 0.08(0)
3.3 ± 1.7(0)*
1.42 ± 0.17(0)*

1.27 ± 0.04(0)
1.66 ± 0.08(0)

0.92 ± 1.9(0)

2.6(0)
0.71 ± 1.40(0)

1.3(0)

8.7(-1)

2.1(0)
1.5 ± 1.2(0)
1.4(0)

*.3*0.50

**~

1.03 ± 0.05(0)

'**

8.2 ± 3.0(01)

t Computed as the error-weighted average of the instantaneous DF's
Flyers were detected using the Dixon outlier test operating at a

with flyers eliminated.
5% significance level.

tt Computed as the ratio of the average steady-state inlet concentration to the average
steady-state outlet concentration.

* Value based on only one real value.

** No meaningful result can be computed.



TABLE 3.10

DECONTAMINATION FACTORS FOR PURIFICATION DEMINERALIZER

E, *1 ACa . 'CCL~fIl LEfllt~iN CEKt.NEkAL17EER - VF

DAlE
I I fF

NLL 'LWE

BA-13
1-131
1-132
1-133

--1351se-88

CS-134

JS-136

CR-51

Zi-6!,FE-ý€

€sp-q
SO-91

V-91i',
Zl-93
zp-g5

NtE-195

Ac-1 ]ct
Se-124
TE-12S

TE-•i•lI E-131
E-1-2

EA-1-9
A-14C

CE-141
CE-1413
CE-1l44
EL-152
EL-154

k- 1 F -1INP-23q

; I1-
1 14-1

C, '17 9I1Z14.,3(- 101 '4
114f

10124
1427

iECf~kl r t il1CK W TOK

',. 2( C)1 e.2t .C?( 2)
FS.004.C41 1)
1NL.2.C4( 21

t 541.441 0)
I.393.82( C)

3(iTE I3.uS+.(•4 (2)
b6.7( C)
•,?r I 1

>1.11 1)

60[E 1
2._6.11 II )
* .'*5.731 3.)

SLTE 1N•T E 1

N.T[ 1

2.1E4.t7( 2)

NLI E I
N~ff I
,I%. E 3

ET I
N L 1

> 1 E 1

N I, Li V I

'LT E I

NLT F I
NFLTE I

MLTF 1

1.u! .201 ?)
1.54 .21( *)

.0C,.241( C)
"r(if I

2.t5j.C(( C)

>.72 .6t.( C)

I
12,~7 bT 1)

I2 E('0 F I

fCIf' £' I

;, 7 1.,

i, C I E 1

>1..i gr T E I
N i E 1
(2.0(O1

f L F 1
1I .4 ( 0)0 CE I

(, I FNcIE 1
N2.01 C)

hdAE 1
'1.41 0)

.. •1IE 1
NCr:T E 1

L(FT 1
NCE E 1.vr-TE 1

'2.1( 1)
i.C9±.C3( 2)
7.15±2.91 2

I.C±.42( 3)
>1.t?.( Cl

I. )I 7 . I;4 C
9.73±•..11 1-1)
1.6t!.03( 0)

>3,2( 1)
ýC'TE 34.Erdi+.•t 2)

3.44 •.63( 1i
1. CZ±.234 2)l.A iE I
1.41+.651 1)

I1.1 1)
9 il±.22( 1)

utNE 1
NOrE i

2.9( C)
NOT E 1N L7 E 1

2.71+.68( C)
,sr IE I
NOlE E
NQ E I

•J' f E I
>1.2( I,iLu(E 1

N'1.E 1)

Il , E I

N0T L I
1.2( I

NOTE I
i.31±.c2( ?)
1.04T.Cg( 2)
1.441.(4( Z)
1.271.39( 2)

2.60+•.4( 0)NuT E 1
1.06,.(1( 0)
i.06e.C1( O)I •C21,(l( (.)

>4.4 ( C')
NO7E 1

1.071.Cb( 2)
2 751.t21 1)
.714.*M 11

KrT+i I
> 7.91 1)

'.22±.e 1)

N3T E 1
NCUE 1
NOTE 1
;.Ol f 1

'17 1 1)

1.04+.4C( 2)
>,'.2 1 )

NOT E I
NOT E 1

1.164*53( 1)
.T E 1.

hOT E 1
fiCT E I
N0T.E L
40TE I
N iQT E I
NOT E 1

>6.81 0)
fT E 1)5.11 C)
•CT E I

>1.21 2)
NCTE 1
, NOTE I

't .21 0)
>4 .7 0)

NOTE 1
1.04+.04• 2)
8.59;.49( 1)
I.C07 .04 ( 2
2.4411.11 2)

.i •204,17( 2)
8.33+6.4 (-1)

Nr.E 18.L•7+.15 l-l)
9.•i~il. (-1)&8,77",1 1 i(-i)

>2.•2 C)
NOTE 1

e,30o.451 1)
3.931.80( 1)

44.0( 1)>105( C)
1.7c1.291 2),6.71 (1)

6 ,q5+.34( 1)
Nr rE 1
NOTE 1
NOTE I
NOTE 1

>7.55 1)'7.31(.1)
'6.01 1)
>8.4• C)

NOTE I
NUT E 1

'1.99 1)
IO'rE I
NOTE 1
mO r E I
N of E I
NOTE I
NOTE I
NUiE 1
NOTE 1
NOTE 1
NOTE 1
NkIl 1
NOIE 1
NGTE I
NOTE 1
NOTE i

>1.41 ) 1
>6. 2 0)

NClE 13 0'41.4 Di-lATfvj I-ýPiE Fi Ef'! C'-ý LiA V; hALF LliFE LC!AECTI36S
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TABLE 3.10 (cont'd)

DECONTAMINATION FACTORS FOR PURIFICATION DEMINERALIZER
KFýffi ZICULI4 L1('(htt DEP.2NEKALIEP, - CF

DITE7 I,e E

-131
-132
-133

c•13A8-Fe

CS-"',
C0-13t.

CS-13S
NA-24
CF'-b 1

,C-58

Z'-65
S6-4iY-91f.
z- iqRe-g3vP-9 3
zPE-9•

PL-1C3

bu-l2t
AG- ] 01I
6-124
k-121
Ef-124e

IE:21E-131

1E-132

LA-14C
CE-141
CE-143,

EL-iV'
FL-1"55

N-F -2 39

12/ a ]I 13
3 v e

11/11 1/ 3
1306

CfCfitlNATiCrN fkCTCY~k

! ý, PI 1L
7.30_i.3e( 1e

cLTL I
I.F+1.(-1)

9.4(4.3.4(-1)
N rc , i

>C1 I

1.JI±.±1I 4.

t,71e T EI>I Jl .I l ?

>'?.11 1)
>1.O1 2.)

t,.A C)7-

tl2 t A 1
TE 1

I T F 1Li FE ILr*.•( 1)
r( lE )

ý'(,T f I

LTE)t: . I)
M1 .' i 1

;t. 1 F 1
#4•E 1
.wt .I(

5 3. t C

NOT= I
I.C.441O 1F Z)

>2c~:5(2)1.444 1'1 2)
>21.5 +( 2)

1'74t-.±•4( C)

f.lB.t:( 1)

>7.4 1)
.A1.t.C7( 2)

9. :(,.1 t I)

lT E I

1 724.34( 2)
1.C!1.O7t 2)

>1031( 2)>(.'~ i 2
•,• F 1.

>3 .2 1 )
1.;74.?O9 2)

LrI i I
NEIE I:,:.TE 1

.T f I

i~t1iE I
N-0 F I

'3.4 2.)
314,(

3.,eI!±.11 2)
i. 54.G3( 2)

'4*2( 111.L4,+.10( e)
41.21-2)

ris TE 1

N;tfE I

b.IC+.b2( 1)t.771.1541 1l

6.55t.12( 1)

I.j•4.3 ( I)
.c4.Z01 I)

NDrE I
. C41.43( 1)

i:. '.53.k 1)

7 . 141.71 1)

IITL I
M'dv F I(j,Q( C)
N17E j

N L
NAT E 1>1.8( A)

N.TE 1

Nr e ( I
>W~ 2 .5)% t.E INOTE I
>2.-il 1)
'•.2t l)

NflTE I1.24+.C31 2i
1)ollj.C6(2)

NOIE 1
1,'3,1314( 2)
2,50,.EII 0)

2.90!.C4( W

V."T i 1

6.851.15( 1}
1.014 Zl C2 2

>2,.t 1)

3.9:-! '"( 2)
>b*4 ( (A)1.93. 4•21

-1.31 1)

)1, 1 )
>2.11 2)
>1.3f 21

I.0ti.19( 2)
.67eti.e( 1)

0:1 E 1
'2.9 1 I11

1.731.034 2)
*7.71 C)NOjE 1

NO IIN TE 1N01 1

NGIE 1NuTE 1
51.31 1)
'1.0( 2)

NUTE 1
NIo) ' IN€01E INCT E 1
Rol, E 1>1.44(1)
NOTE 1)j.4! 1)15.74 1)1

NOr'E 1
i.18+,01( 2)
1.158±.38 2)
l.CQ+.03( 2)
1.21±.38(
1 811.69( 29
2.84+.64'( 0O

NOTE 1
1.7zo.03( 0)
2. E4+.201 1)
1.'51.03( 0)< 5,. O

* E94 1741
NtTE 1

1.05:.041 01
1.2344061 0)

NVrE I
')8.61 0)

NCTE 1
'3.334 C
41.7( 0)
'1.1( I)'13.24 1)

NOTE 1
NOE 1Eo 1

2.06+1.0 (-1)

NCTE 1
NET E 1
14UJTE 1
NOTE 1
NOTE I
NOTE 1
6.0( 1)
NOT E 1

'2.33 C)
NOTE 1)P, OT• 1
NOTE 1
NOf E 1
NOE 1

-2.6( 0)
NOIfE 1

NIE. IF I ' 2,TA C:" j .- .. •F ,'. L.f-I i. LLE T(- IALF LIFE ( F.ik ECTI13t5[,k ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - A"G D;,:.E, W'Ci:dwT .)7E.l( P • I ITH < NUP•bEkS



TABLE 3.10 (cont'd)

DECONTAMINATION FACTORS FOR PURIFICATION DEMINERALIZER
REAC'i.ý, CLCLANh LETL•,)kth CEV.iNEkALIZER - GF

11.L 1412 1/21i
706

1/2.- 1/20
1116

1JLCL.CE

1P-14
1-131
1-1321-133

S134--135
ob-88
5-134
S13t
S-13e

WA-24
CF-51

FE-5E

•CC-6(
Z H-e5

V -5 Its
V-53ZR-q5
. qs-9

;L--IC3
PLD-!iC
$-124

1 1-125
E-129P

Et-1521

i-131P.
E-131IE-1,22
op-l;9

• O-14C
E-141

EF-14?

EL-154

NP-?35

C E C".C NI ý,.I NA 11 C N. F AýC 10k

N f.l1E 1

1 i44.3P( 2)

1955193C( 2)

2.08+1.o( 0)

7,007;. •12 t-3.11.0 ,74*2(-1 I

'0114L 1
16,LT F I1

t'i1V F 1
,*r. TE ]

t•n_ E I
5to•7.415( C)e,7',.'1, (C)

)7.9( C)
.cr$fE 1
NCTE I

NKCTE I'I

KC-i E I#K(TE 1

NCIE I
NEILE

il CTF I
NLTE
h CT E

W'tE 1
N CT 1I
NUTF I-
NIfE I
NCTE I
NLlt I)CT E I

31.l7t 0)
!*31.39( 2)

t:43,1.9( 11
1. !±4.LU 2)

'4,t( i)

1 Cc;!,.2( C)
1i32+.C6( C)

h1fE 1
N0JIE 1

6.2711.7( 1)
31 e, ( G )

1*554.31( 1)•. f 1

'4.2(-.11N "I *r r I
>'*l 0)

1.5.4 1

4tl . t3 I
%LTE 1

NiTt 1

)N.4( C)
)4;P( 1)

qtE 1
t-rl E 1
I.C'. .38 ( C1

64,(-1)
N1TI 1

c+ r. L;E

g~CTE 1

> [I .E

N1.'T 1,NLTE i

3,1.0( 3)
1,24+,64( 3)

%,'.24 2)
>1 4 13)

NOTE. I
1.il.,3i C)
i•i4.2( ci

NO fE 1NEirE 1

N 0UfE 1
NOTE. 1
NO'E 1
N 0rE 1
NOTE 1

1oCC+.371 1)
NnIE 1
hE NE I.
NOT E I
NOTE I
NOTE I
NHTE 1
NOTE 1
N1CTE I
NQ7TE 1

rtiE 1
N1OTE I
V CTE II•OTE I

N(0E 1
NOTE 1
NOTE I

I'~lE 'INOTE 1

it;TE 1

iITE I
N'TE 1

NCTE 1

NO1E 1
>6.9( 1)

E 3011.E( 1)
8.4',±.E~t I)

>5,8 4 1)
.3t,13.0( 1)
)2.1 (-1)

ACT E 1
1.076. C3( 0)

NV6T E 1
NOT E 1
NX T E 1
N CT E+ 1
NOTE 1
NOT E 1
NOT• II
N4UTE 1

NOT E I
'ftT E 1

14OT E 1
NOTE 1
NOTE 1

NOT E 1
NOE 1
N•OTE I
NOTE IN1OTEL
NE'1 E I

Nt•[ E 1
•OT E I
NCTE 1
NUT E 1
tCTl E 1
NOT E 1
h 0T E 1
1N01 E 1tiiT 1

NC•TE 1NOT E 1

NUT E 1
NOTE 1
NET E 1

NOTE 1
9.:00135 1.)
7.861 824 1)
1.02+*031 21

)14oi( 1)
.40±.364 2)

11C0Z 5331 0)

N TE I
NIOTE 1

113,1.02( 0)

.C8!O E
NOTE 1N~8H I
NOTE 1"o TE I
NOTE 1

)3,9( 1)
•NOTE I
NO( E 1NOT E I
NOTE 1
NOTE I
NOQ E 1
NO E 1NO 0 E 1
NOTE 1

NOTE 1
NOTE 1
NO E 1
%GTE 1
NOTE I
NOTE 1NOTE 1

NOTE 1
NOTE 1
NOTE 1

NOTE 1NO E 1

NOTE 1
NOUTE 1
NOTE 1
NOTE I
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TABLE 3.10 (cont'd)

DECONTAMINATION FACTORS FOR PURIFICATION DEMINERALIZER

CEE•-CI•k (CCL;-\T L.E"IhýOuN DEIiNE;zLIZEi - OF

CAIE

NLCL1[E
s1o-84
1-131
1-23i
1-133
1-134
1-135
RP-8 E

CS-i3'e
CS-13f
CS-137
CS-13e
CS-13s
¢A11-. 1
MiN-5 4

FE-58

14 CE-f C
,C-SeT

ZN-6b5
SP-91
v-91t

z IF -9.he-9!
14C-99FL-I(,_
PLL-2 Ce
AG-11 C -
SE-124
S 8-12 5

E-IZS
E-1 311,

TE-131
TE-132
EA-13C
toh-14C

CE-141F-143

EL-1 5.2
EIJ-154
EL-155
tFF-23

12C.i32L 1/20I r09 liio
1 73f

112(
210S

1/21
100

11.E 3
A:4bY- Ct 2)

) >.;4 1 ii

2794.(tlt 0)
N L'"7 I

s.314C2( CA

S. 194otAt "Iih~ru 1

[I E I

is[ ( E I
L I

., T f 1
.3fL 1

•'E 1

KL F 3
f"0TE 1

r-TE I

,•L E I

,'CTE I
6C f 1•4a I:

NLi CE I

N ,.i •F 1

T f i

1 .+,.(7( 2)
1:4P.4 221 0I,..,_ 'a 157: 7 21

;-.9( 0)
2.c;51.93( 2)* "3 1-1)

T 1i.,3•..iT;. ( C)

C T E 1,* Cl t 1

.t 1

Lt1 I

,.L1E I

r I F.4 I)

L-C E I
I F T 1 I
t4!E I

r (if I

* rlF I
*-:AIE 1

C rTF 1
hZT 1

&7L1 Ei
r.; .'TE 1

?', 1.

iioTE I
1.' ,E021 2)
I.U±j.0b( 2)
1.3B+-.031 2)

314.71 1)
10471.12( 2)
1.(3+.4t1A C)

2:.5:t,35( 1)

N ". E I

N(l E 1
•i. E I

L•: 1•'uTE I
-Nil f E I

NL2

NiGE .I

N VI F I

NLfE i

NOUTE I

NC-If I

NO if I
NCIE I

rL: fE 1t.CTL 1
t*uF I

t,4- L ý E I

N' 0E I

N LF 1
N•'iE 1
tlbrE i

P'LfE i

t,,.l.,E 1

NT 0E I
1.84+.. C (2.351. 18(
1.464.C6(
q,2332 .6(

1'3.2 1 2
>2*3 1-1

N01 E 1
It;!.C5C
P4.9 1 1

1'rT E 1
NOT E 1
NOTE l
Noi E 1
IN Lf E I
Fif E IItJTE I

NUT F 1
NOT E INOT F 1

NOTE I
•CT E 1hNj1 E1
Nil E 1

NOT E I
NOTE 11
N01 F 1
NOT[E I
NEl E 1
KIT E 1hd21E INO1 E 1

NOT E I
NOTE II
h:737f 1
NQ~l E 1

Q TE I
NOT E I
NCl E I
f4JfE i

OT E I

XCTE 1)•' E ]
i.UA F I
VVO tF I

2)
2)
2)

[)

10)

I)

hrJTE I
I t.3.081 2)
l.00±.34( 21

>6.o4 11
)'2.1t 2)
,1.91 2)

2.504 54( )

1.447.06t 0)
NOTE 1
N.?ZOt F 1

NoJ E I
INTE 1

NOTE 1
;~i uT E I
NOT E 1

108.81 0)
NOTE I
NEJIE 1
NOT E 1
NOTE 1
NOTE I
NOTE 1
hC;r E I
NGT E 1
NOTE 1

NO,3T E I

NOTE I
NWTE 1
NOTE 1
NOTE 1
NOTE I
NO(E 1
NOTE 1
PUTE 1
NOTE 1
NOTE I
NOT E 1
NOTE 1
N CT E I
NOT E 1
iOOTE 1
14ojTE 1
NOTE 1
NOTE 1
NOTE 1
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TABLE 3.10 (cont'd)

DECONTAMINATION FACTORS FOR PURIFICATION DEMINERALIZER
*FA(TC COfOLtT LET'JUN I • IE[NEt.LIZER - DF

CAI ETI*PE

NLCLICE.

1-131
-132
-133
-1?4

1-131
Pe-8st
pe-pC

S-136
S-137T-1 a.e

W-139
NA-21'CP-51

F E-ra
Chr-47FK-5f

ItN.- 65'.
SR-91y-19 11•

R1-1C;3
AC p- iC tShS8-19 !
SE-125,
SE-124

TE-129
TE-133.,
TE-131
1I-132
EA-139
a,-14C
LA-140
CE-141
CE-143
CE-144.
EL-152
EL-154
W-187
Np-2?;

.Id 2 21 8 2/1A
1112 9u

2121
9 4t3

>1.7 (U)
)•i.;( 1)

>i.7( Z)

*.?2T 4. 15 t-)

h[TE 1i.494.41( C)
E.72±. 19(-1)
7.L572.&f C.)

1C'rE I

F~r E 1
krTE 1
*f [l " 1

~Li1,•LE t i

>1.9( C)
'r'E 1

NCTF 1

V CTE I)'rTE 1

NUTE ItýCTF 1

ixuTE 3
NETE I
NCTE 1
ic,'"F I

NUCTE 1
A LTE I

N•3 E .I

hos E I.NOTE 1

N TCE I
tIL7 E 1

>WT 1
ý I'CE I

hCT E1

1.CI4.C1Ct )
-N ?- T E I

rTE I1.TE.9 1)1 . tb, 4. 49 ( I1
!T F I

t . ý. -t 7 I )
2.C t.j7l 1)
2f0T32 1)
'7.6( 0)>3.54C)

,.T E I
,;T F 1

1.47!.F.4( 1)
)CTEI I

N• E "I E 1M'CTE 1

1NflC I
htC E 1

K CTF I

i L I E I
F.ITE 1

f" C; T L I0[i E 1
>5,0TE 1

'1.14 C)

1.C5S±.06t 2)
>1.1( 2)

1.C9:±.17( 2)'1.91-1)

NiclE 1
1.i0±.03( C)
1. 61.03 ( j).O1IT.Gi(O0)

> 3 0 4 ( C,)NOTE 1
7do,24.'q( 1)

NV E I

>2 .e4. ( C)

>3.e( 2)
5.?C12.64 11> '; . ( I)

,NOTE I
Wt! IE 1

)7.7( C)
N'LIE 1NOY'E 1

'3.04 1 )
4 OTE I

rdJTE 13 * 0( I

UI E I

i uTE 1
fST E I

NuTE I
Nu TE 1
N1.T& 1)

'2.71 C)
V,. T E. 1
N 3 1 E 1
HCTE I
huTE 1

J TE 1
NCTE 1

>1.4( 1)
N:: iE I

19TE 1
1.23+.11( 2)

1.13±.314 (
3 ,131 .o (

NEI E 1
1.03+.C2( 0)
1.27o.31( 0)
I .03.C2( 0)

>3.8 ( 0)
NO E 1

P.24.!64( 1)
NOT E 1

i'•" E I>2.1 + .( I )
11407 E I

)5.C74 0)N.OTE 1

NOf• iI
NITE I

I.U1E 1I•DT E I
rL01 E I
NOT E 1

NOT E I.
NUT E 1
f4OU If1
NOTE fI
NOT E I.
NUOTE I

NOT E I
NOTE 1

A OT E 1

NOT E 1
NZTE 1
NU0 E 1
NO E 1

NOTE 1
>7.41 0)
ti'rT E 1

NOTE i
1.551.34( 2)
.(3±.0Zl( 2)

1.50T.07( 2)
1'5.5t 1)

4•7441.9( 2)
NMTE 1
NOTE 1

9.89+. 10(-l)
1.141.12( V)F.80± . 17 (-1)

" >I,8(C))

NOTE I
1.03+.08( 2)NOTE I
2.324.4!31 0)

NETE 1
'3.8(-1)

t•CTLE 1
'1.1.4( 1)

NOTE 1'9.14 0)

NOTE I
NOTE 1

>2,3( 1)NOTE 1
NOTE 1
NOT2 E 1
NOTE 1
NOT E 1
NOTE 1
NOTE 1
NOTE I
NOTE I
NOTE 1
NOTE 1

.%1,0( 1 )NOfE I
NOTE I
NOTE I
NCTE 1
NOTE 1
NOTE 1
NOTE 1

>1.7( 1)
NOTE I
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FIGURE 3.18

131I DECONTAMINATION FACTOR FOR PURIFICATION DEMINERALIZER
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FIGURE 3.19
1 3 6 Cs DECONTAMINATION FACTOR FOR PURIFICATION DEMINERALIZER
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FIGURE 3.20

137Cs DECONTAMINATION FACTOR FOR PURIFICATION DEMINERALIZER
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FIGURE 3.21

58 Co DECONTAMINATION FACTOR FOR PURIFICATION DEMINERALIZER
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FIGURE 3.22
24 Na DECONTAMINATION FACTOR FOR PURIFICATION DEMINERALIZER
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in the plots for the radiocesiums, and apparently to a lesser degree in
the plots for the radioiodines and the radiocobalts are dramatic increases
in the measured DF during reactor coolant spiking on 11/15/78 and 1/20/79.
The elevated DF's registered at 9/11/78 were also measured during a
period when the reactor coolant concentrations were high fromi power
fluctuation on 9/10/78 and 9/11/78. Similarily, a hot shutdown on
1/3/79 elevated the reactor coolant concentrations during letdown sampling
on 1/3/79 (see Figures 3.18 and 3.21 for example). This phenomenon of
DF spiking and the positive correlation of demineralizer DF and inlet
concentration are discussed in detail in section 2.6 of this paper. The
magnitude of the effect is impressive primarily for the radiocesiums.
Decontamination factors for 1 34 Cs, 1 36Cs, and 37 Cs are nominally 1.0
for steady-state conditions; however, during the reactor coolant spike
of 11/15/78, the measured DF's for these nuclides reached 2.9, 44.5, and
2.7, respectively.

Average decontamination factors have been calculated for the letdown
demineralizer. Care was taken to select only those results obtained
during steady-state power operations. Averages were computed using both
the DF average method and the average inlet over average outlet method
discussed previously (see section 3.3.2) for periods both before and
after refueling. The results are presented in Table 3.11.

3.3.4 Other Components

3.3.4.1 Makeup Filters

The makeup filters (F-230A and F-230B on Figure 3.2)
exist primarily to remove resin fines from the purification demineralizer
effluent. Four sets of samples were obtained across the makeup filters,
all during the period after refueling. No record was kept of which
filter (A or B) was in service at the time of sampling. Results of
analyses performed on the samples of makeup filter effluent are presented
in Appendix Table B.5. Decontamination factors were computed by dividing
the letdown demineralizer effluent results by comparable results on the
makeup filter effluent, and are presented in Table 3.12. The "best value"
DF's are presented in Table 3.13.

3.3.4.2 Makeup Tank

Radionuclide concentrations in the makeup tank (V-
235 on Figure 3.2) were sampled four times during the measurement period.
Results of these analyses are presented in Appendix Table B.6.

3.3.4.3 Borated Water Storage Tank

The borated water storage tank (BWST) provides a
repository for highly borated water used primarily to flood the fuel
transfer canal during refueling operations. The BWST (T-250 on Figure
3.2) was sampled twice during the in-plant measurement program. The

80



TABLE 3.11

DECONTAMINATION FACTORS MEASURED ACROSS THE LETDOWN DEMINERALIZER DURING POWER OPERATIONS

Before Refueling

I TN/OUDT tt

After Refueling

Nucl i de
84Br

1311
1321
1331
1341
1351

1.07 ± 0.02(2)
8.09 ± 0.03(1)
1.22 ± 0.02(2)
9.4 ± 1.0(1)
1.30 ± 0.10(2)

1.08 ± 0.16(0)8 BRb
89Rb
134CS
1 36CS

I1 '38CS

9.86 ±
1.05 ±
9.67 ±

9.20 ±
3.20 ±
7.96 _

o.01(-I)
0.01(0)
0.01(-l)

0.28(I

0.37(l
0.31(1)

>4.6(l)
1.32 ± 0.53(2)
9.7 ± 6.1(1)
1.31 ± 0.73(2)
1.28 ±_0.87(2)
1.25 ± 0.47(2)

1.00 ± 0.73(0)

1.00 ± 0.43(0)
1.6 ± 1.7(0)3
9.9 ± 4.0(-l)

1.01 ± 0.62(2)
5.8 9 9.8(1)
4.5(0)
7.3(l)

>6.3(0)
0.82 ± 1.4(2)
0.79 ± 1.4(2)
>3.0(0)

3.o(0)
7.7ýI)
8.3 1

2 4Na
5 Cr
5 4Mn
56Mn
59 Fe
57Co
5 8Co
6 0 Co
6 5 Zn
9 1 Sr
91my
9SZr
95Nb
99Mo

103Ru
1 0 6RuD

1.04 ±
1.02 ±
1.09 +
1.58 _
1.20 _

0.04(2)
0.02(2)
0.04(2)
0.18(2)
0.13(2)

3.06 _ 0.25(-1)

1.01 _ 0.01(0)
1.09 ± 0.02(0)
9.87 ± 0.01(0)

6.71 ± 0.20(1)

2.89 + 0.32(0)

1.77 ± 0.06(1)
1.81 0 0.13(1)

1.40 ± 0.6 3(l)*
1.47 ± 0.84(1)**

*

>2.9(0)
1.13 ± 0.29(2)
1.11 ± 0.41(2)
0.80 ± 1.8(1)
1.2(2)
1.69 ± 0.89(2)

6.0 _ 8.6(-1)

9.6 + 2.6(-l)
1.10 ± 0.67(0)
9.2 ± 2.5(-l)

7.9 + 4.1(1)

7.0 ± 6.2(0)

>8.1(0)

1.4 + 1.6(1)
1.8(1)
>4.9(0)
>9.1(0)
>3.4(0)
>2.9(0)
>5.5(0)
4.7(l)

,*

1.04 _ 0.07(2)

5.64 _
6.79 _

0.05(1)
0.18(1)

*

1.37 ± 0.34(2)**
1.01 ± 0.07(2)**
7.5 ± 1.6(1)

,*
* *



TABLE 3.11 (cont'd)

DECONTAMINATION FACTORS MEASURED ACROSS THE LETDOWN DEMINERALIZER DURING POWER OPERATIONS

Before Refueling After Refueling

bTt~ttN u c l i d e . . .. n~utt
liOmAg
124Sb
12 SSb
140Ba
14OLa
14 lCe
14 3Ce144Ce
187W
2 39 Np

*

2.89 ± 0.67(0)
*

*

*

*

*

*

*

*

4.7(0)

>6.1(0)

>4.3(0)

<3.9(1)<2.3( 1M
>1.9(0)

1.04 ±- O.38(O)**

*t

*€

7.4(-1)

>8.1(0)

>1.3(1)

t Computed as the error-weighted average of the
10/24/78, 11/1/78, and 11/13/78. Statistical
test operating at a 5% significance level and

instantaneous DF's measured on 9/22/78, 10/4/78,
flyers were detected using the Dixon outlier
were deleted from the data set.

tt Computed as the ratio of the average steady-state inlet concentration and the average
steady-state outlet concentration.

tft Computed as the error-weighted average of the instantaneous DF's measured on 1/11/79, 2/2/79,
2/8/79, 2/14/79, and 2/21/79. Statistical flyers were detected using the Dixon outlier
test operating at a 5% significance level and were deleted from the data set.

* No meaningful result can be computed.

** Average result based on only one real value.



TABLE 3.12
DECONTAMINATI.ON_ FACTORS.. F-OR- MAKEtIP--FIUER

DATE 1/ 3 1/11 1117 221,
TIME 1308 95ý 1414 9412

-KCl . O ECONTAP"NtATON- F-CTIO
BR-84 MOTE I N.TE I NOTE I NOTE I
1-131 7.45±.08(-1) 2,03±.70( 0) 8.171.83(-1 1.26.+314-0)
1-132 1.2±.461 0) 1,00+.54( 01 1.38±.34( 01 I.d71°.2( 0)
-t•I33 ..- 2•z 8t--1 I.7. 8 1.71 -1-t--TI O- 1  1 .... r-5 + !t 71
1-134 1.23;.78( 0) >1:2( 0) <2724 0? (5751 0)
1-135 7.40;3.71-1) >I.210) (<2.9 0) 5.56+3.34-11
Rb-88 4°.63rl.7(-ll 4.80t2.3(-11 2.89+1.51 0) N4UTE 1
- ...8.9 N -- ----. --........ ... N TE I M.- -T --- ---
CS-134 9.Z4±.13(-1) 1.02±.03( OS 8,18±.12-1) 1.11b.01( 0)
CS-136 1.04+.10( 0) 1.04±.07( 0) 1.087.05( 0) 1. 21.13( 0)
CS-137 9.28T.15(-I 1.04+.03( Of 8.477.13(-1) 1:257.02( 0)

,CS-- 13 8 NUTE- L I.E1--
CS-139 NOTE I NOTE I NOTE 1 NOTE I
NA-24 MOTE 1 1.52+.55( 0) 1.34+.39( 0) 1.48+.25( 0)
CR-51 . 5,71 0) NUTE I NOTE I " 4 TE 1
M14-557 U.o u+775 1 -I)---5••T62."" - I- V-,1 3-zT- 1-
MN-56 MUTE I N7TE I MUTE I NOTE I
FE-59 >3o84 0) NOTE I 40TE 1 <3(3( 0)
CO-57 NOTE I. NOTE I >2.9t 0) NOTE I

"C"5~r"- •.994-23 -01 .. 6,8O +;-40'*-1 1 .... '79k. 29U [-r5lT---'5-•8"'-92"3 (-"2I1
CO-60 7.247:42( O 4.76+1.2(-l) 8.77".84(-1l <5(5(-21
ZN-b5 NOTE I NOTE I NOTE I NOTE I
SR-91 NOTE I NOTE I NOTE 1 NOTE I

co I ET1 ,NO ' TE--'. '--TFTE--
w Y-93 N0TE 1 NOTE I NOTE 1 NOTE I

ZR-95 >2.2( 0) NOTE I <8,3(-I) <(1.1 0)
MB-95 >7.61 0) NOTE I >2.6( 0) <5.41-11-MOUT •-8 3T-[- V ....... NOTEI1 N 0TE-- O TE ...

RU-103 NOTE 1 NOTE 1 NOTE I NOTE I
RUOD-10 NOTE 1 NOTE I NOTE i NOTE I
AG-11OM NOTE 1 NOT C NOTE 1. NOTE 1
S- Z...I+-5 19 F-- .. 50 +.5 ( 0. I; 14 -3Tr u UTE---I
SB-125 1.85T1i.( 0) NDTE I NOTE 1 NOTE I
TE-129M MUTE 1 NOTE I Z.44*1.5( 01 NOTE I
TE-129 NOTE 1 NOTE 1 NOTE 1 40TE I
-t-:ý131M . .NOTE-1-- - NOTE I~ NO TE I U 40TE---1-
TE-131 NOTE I NOTE I NOTE I NOTE 1
TE-132 NOTE I NOTE ! <2.4(-1) NOTE I
BA-139 NOTE 1 NOTE I NOTE I NOTE I
ff-X"-W140O R -RTE-TI...... NOT-E--FI .. 7
LA-140 MOTE I NOTE 1 NOTE I NOTE I
CE-141 >2.9( 0o NOTE i >2.5( 0) NOTE I
CE-143 NOTE I NOTE 1 NOTE I MOTE I

E~~-~4~- NOTE NOTE-I.......... NOT.TEI
EU-152 NOTE I NOTE 1 MOTE I NOTE I
EU-154 NOTE I NOTE I NOTE I NOTE 1.
EU-155 NOTE I _ -. TE I NOTE I .NOTE I
W;-- . N7TE I NOTE 1 NOTE I. NOTE A
NP-239 NOTE I NOTE 1 NOTE I NOTE I

NOTE 1: THESE DATA POINTS HAVE BEEN LEFT OFF DUE TO HALF LIFE CORRICTIONS
OR OTHER PROBLEMS ASSOCIATED WITH ARITH;:MITIC OPERATIONS WITH < NUMBERS



TABLE 3.13

MAKEUP FILTER

"BEST VALUE" DECONTAMINATION FACTORS

Nucl ide

131!

132!

133!

135!
88Rb

134 Cs
136CS
137Cs

24Na
54Mn

6 0CO

125Sb

1.0

1.4

0.9

1.2*

1.1

1.7
1.0
1.1
1.0

1.3

2.1
2.3

2.2

1.3

1.9*

* Radionuclide detected in one sample set only.
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first sample was obtained on 11/14/78 just prior to the refueling outage.
The second sample was obtained on 12/13/78. By this date, refueling
operations were nearing completion and on 12/12/78 the fuel transfer
canal had been drained and pumped to the BWST. The results of analyses
on the BWST water are presented in Appendix Table B.7.
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4. COOLANT RADWASTE SYSTEM

4.1 System Description and Sample Points

The coolant radwaste system (CRWS) collects and processes water
from the chemical and volume control system (CVCS) and the reactor
coolant system drain tank (RCSDT). Water in the RCSDT can have several
sources, most of which do not normally produce much liquid. The core
flooding tanks and makeup tanks can, but do not normally, feed to the
RCSDT. The main source is the reactor coolant system drain header which
is fed from various points in the reactor coolant system. During refueling,
the liquid in the fuel transfer canal can be drained to the header for
processing before return to the demineralized reactor coolant storage
tank. During normal operations the RCSDT would receive reactor coolant
water only. Because the water entering the coolant radwaste system is
from the reactor coolant system, the chemistry tends to be relatively
constant and follows the reactor coolant chemistry.

The coolant radwaste system consists of demineralizers and holding
tanks. The system components are listed in Table 4.1 and the system
layout is shown in Figure 4.1. The large holding tanks allow for
holdup times for the liquid which reduces the concentration of the
short half-life radionuclides.

Most of the liquid entering the coolant radwaste system results from
the removal of water from the reactor coolant to change the boron
concentration. Boron concentration, at its maximum value during refueling
operations, is generally reduced to approximately zero by the end of
core cycle. To change the boron concentration, water is removed from
the reactor coolant system downstream of the letdown filter and purifi-
cation demineralizer. This liquid enters a flash tank (at atmospheric
pressure) where the concentration of dissolved hydrogen and fission
gases is reduced. The gases released in the flash tank are collected in
the waste gas collection header and sent to the waste gas treatment
system. Water pumped from the RCSDT also enters the flash tank.

Liquid from the flash tank is pumped through two series-connected
mixed-bed demineralizers (primary ion exchangers D606 A & B shown in
Figure 4.1) into one of two waste receiver tanks. The primary ion
exchangers are each designed to process the maximum expected coolant
bleed rate of 140 gal/min during plant heatup and startup dilution, and
are operated in series. The liquid can be recirculated through the
primary demineralizers if required, but this was not done during the
in-plant measurement period. An air purge is maintained through the
air space of the receiver tanks to the radwaste area ventilation exhaust
duct to remove fission product gases and hydrogen.

The waste held in the receiver tank is pumped through a second series-
connected set of mixed-bed demineralizers (secondary ion exchangers D609
A & B shown in Figure 4.1) to one of two waste holdup tanks. The secondary
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TABLE 4.1

COOLANT RADWASTE SYSTEM COMPONENT DATA

I tern
No.

Capacity
(each)
gal s

Design

Temp Press
F psig

Material

Vented Design
Body Lining To CodeName/Function Type

Horizontal

Seismic
Class

Sample
Point

V-600 Reactor coolant
system drain tank/
drain coolant system

V-604 Flash tank/contains
reactor coolant let-
down, removes gaseous
fission products

e T-607A Coolant waste
T-607B receiver tanks/

contain reactor
coolant letdown

T-610A Coolant waste
holdup tanks/
contains reactor
coolant letdown

32,000 250 50 SS None R.D. ASME
Sec III/C

I

Vertical 1,430 200 30 SS None G.H. ASME if RWS520

Horizontal

Horizontal

60,000

60,000

200 14.9 SS None R.D. None

200 14.9 SS None R.D. None

I RWS539
RWS540

I RWS555
RWS556

G.H. - Waste gas collection header

R.D. - Radwaste area exhaust duct



TABLE 4.1 (cont'd)

COOLANT RADWASTE SYSTEM COMPONENT DATA

I tem
No. Name/Function

D-606A Primary ion exchanger/
D-606B removes fission products

from primary coolant

D-609A Secondary ion exchanger/
D-609B removes fission products

from primary coolant

Resin
Volume

Each
ft 3

50*

50*

Design
Flow
Rate

Type
of

Resin

Design

Temp Press__F m Vented
Material to

Design
Code

Seismic
Class

Sample
Point

150 Mixed 150

150 Mixed 150

150

150

SS M.T. ASME
Sec III/C

SS M.T. ASME
Sec III/C

II RWS527
RWS530

I I RWS551
RWS554

M.T. - miscellaneous wastes tank

* - 4 ft diameter and 4 ft high



TABLE 4.1 (cont'd)

COOLANT RADWASTE SYSTEM COMPONENT DATA

Design

I tem
No. Name/Function

Flow
gpm

Head
Ft H20

Temp
F

Press
psi g Material

Seismic
Class

E9

P-601A Reactor coolant system
P-601B drain tank pumps/

transfers contents for
processing

P-605A Flash tank pumps/
P-605B transfers contents

for processing

P-608A Coolant waste
P-608B receiver tank pumps/

transfers contents
for processing

P-611A Coolant waste holdup
P-611B tank pumps/transfers

contents for
processing

Horizontal
centrifugal
with
mechanical
seals

Horizontal
centrifugal
with
mechanical
seals

Horizontal
centrifugal
with
mechanical
seals

Horizontal
centrifugal
with
mechanical
seals

100

100

150

235

150

235

70 450

70 450

70 450

SS

Ss II

II

SS II

150 235 70 450 SS II



FIGURE 4.1

DIAGRAM OF COOLANT WASTE SYSTEM

S To gas Mixed bed
Collection 135"F max.

header 140 gpm max.

RWS 518 V-R4 5 2 RE 50 53

1,430 gal
Flash .

Cootank wat
CF , A 1..1 p ump s•

Mixed bed

To BAEevap.

Coolantwaste
receiver
tank

INEL-8-19 051



ion exchangers are identical to the primary ion exchangers. The waste
holdup tanks are vented in the same manner as the waste receiver tanks.
The waste holdup tanks can also be recirculated through the secondary
demineralizers, but this was not done during the in-plant measurement
period.

The resin in these demineralizers is not regenerated but is replaced

when spent and shipped off site for disposal.

4.2 Sampling Procedures

Ten bed volumes were pumped through the demineralizer before a
sample was taken. An exception was made for the samples taken in September.
Because the RCSDT was empty, water was taken from the letdown system. A
run time of only 10 minutes could be allowed before sampling (3 bed
volumes). To sample the inlet and outlet of a demineralizer, the samples
were taken within 5 minutes of each other, taking the inlet sample first.

In all cases a 450 ml sample was taken after the sample'line had
been purged for 10 minutes. During the purge, the valving was not
changed to avoid causing crud bursts. No samples for gases across the
flash tank were taken because of the lack of proper sample connections.

The sample points used during the study of the coolant radwaste system
are shown in Figure 4.1. All sample points are local sample points and
have short sample lines.

Before refueling the RCSDT was empty, and only one set of samples
was taken. After refueling, samples were taken at four different times
from the primary demineralizers and three different times from the
secondary demineralizers. Because of the large waste receiver tanks,
the radionuclide concentrations in the outlet of primary demineralizer B
need not be the same as the feed to the secondary demineralizer A, since
mixing from previous processing can change the concentrations.

4.3 Discussion of Results

The radionuclide concentrations for all samples taken are listed
in Appendix Tables B.8-B.13. Decontamination factors were calculated
for all cases as detailed in Appendix A and are listed in Tables 4.2
through 4.5 for the four demineralizers. Table 4.6 presents the average
inlet and outlet concentrations and the range for each demineralizer
in the CRWS. "Best value" DF's for each demineralizer are shown in Table
4.7. The overall system "best value" DF was calculated using the inlet to
primary A and outlet of secondary B and are also listed in Table 4.7.
Because of the varying holdup times in the waste holdup tanks, the
overall DF for short half-life nuclides could vary considerably.

Figures 4.2 and 4.3 show plots of the inlet 1311 concentration
versus time for all four demineralizers. The 1311 concentration in the
feed to the two primary demineralizers exhibited an increase on 2/28/79.
This increase was due to a reactor coolant spike which occurred on 2/25/79.

91



TABLE 4.2

DECONTAMINATION FACTORS FOR CRWS PRIMARY DEMINERALIZER A
C01f$ PRIMARY ODEMIN A - OF

IKLCLICE

I131
:132
-3?3

1-13'.

1-13t

CS- 137
l4A-24

"M-54FE- 59
CC-57
F 0-SbcC-6c

'41-95
PC-qq
MRUD-1Ce
riRC-3C6

AG-Ilcm
3$-124
81-125

LA-14C
LA-14 C
CE-134ClE-i'.'.

1(f/ 51;39 111b
lC26

1116
1059 1131

i1/1
12106

DECCPINATI.CN FICIOR

t.7111.2( 1)
>%.*9 1)
>7.2( 1)
>1.0ý 2)
>1.51 1)9 *4141* 1 ( C J
>9.;.( 2)

4*.3f .(5. C)
>4.6( 1)

A 4612,5( G)
1,13+.13( C)

<2.1( 0)
3.b511.9( c)3.111.164 0)
q.534*42(-1)

NE' T E I
WE.31 1)

>1,94 0)
NOTE 1

.Nrr tE 1
'5,04 C)

NCE 1
),e.l( 0)

NUTE I
Ni Lf E1

'5.9( 1)
NCTE 1

%7.!( 1)
tE17E I

I,31.,1 0 ( 1)
)e;0.3 f-3 I)

6oE719251 C)
13.9( 1)

1CI E 1
2 05;! 171 C)
2.334_-.,Il C)

9 ý•4,* ,35
1441.13,t 0)

NC11E I
N•ITE 1

1.13?.61( C)
NI•E E 1
N[:"F F

'1.2( C)

V r'TF F
4.214 1.3 0)

NE.TE I
KEfF 1

'301( 2)
NOTE 1

'7.34 1I
NOTE 1

)13.c C)
I.C3e.06( 1)

107( 1)
50231.43( 0)

'109( 1)
NOTE ,

3.7C,±9424 W)
4920:2,61 O)

|4 T k' lI

1 3P±.074 0)

<2.7t C)
1.3cj.85( C)

N'TE 1
NOTE 2
NLTE 1
,14*7( 0)

N c. E 1

2.50_4•461 0)
spTE I
NNE 1

>5.71 1)
NOT f 1

>2.2 1 1)
NOT E 1

'1.3( 0)
8.48+2.8( 0)

)3.9 (-1)
4.46i.2c.( 0)

'6+: ( 0)
NOTE 1

1.301.30( 0)

7 90!.2 5-1)1
7o:764 OC

N C, I C' 1

NOTE 1
9.3 18+1 .74-1)

7"'0 4 -1)
NOTE 1
NOTE 1
NOTE I
NOT E 1
I4OT E 1

>6.31 0)
'1.3 (-1)NOT E 1

'1.1 (2)
NOTE 1

>6.1( 1)
NOTE 1

>1.01 2)
6.96+1.26( 0)

>i"141 1)
3.511.15( 0)

'1.91 1)
NOTE I1.04_±.09 1 1)

4:009 1 0)

'2.51 C I
2.q5_+.35( 0)

NOTE 1
NI.T E 162.8 1 ;)

3.702.784 0)
'21.31 0)

NOTE 1

NIVE It IHEc:E DATA PdliTh 0VE BEEN LEFI OFt- CUE TC.HALF LIFE k0ARECTIONs
bi, OT 0F[ FmOdkEPS ASS CIATED hUH .TEil17 OPEI0NS wITH • NUMBEfH$



TABLE 4.2 (cont'd)

DECONTAMINATION FACTORS FOR CRWS PRIMARY DEMINERALIZER A
CPVý E-'f IVAi Y CE-T'I A -TOF

flECCNT 4I#NATILN FACTUk

71 PI..E

IULCLIIE

1-131--132
1-232
1-134
1-13.!

Ci-134
INA-2A,
CN-511HN-54•

t-! E
cc-6cZlh-t!.
ZR-9•

Sst-ii.,tG-1 1CI
•E-I.4

EA-14C
LA-]4C
CE-141

21 9
A 3 5

3.ef!I3.6( 2)
I V.It L1

.CTL F

<2-.3( 1)

C IF I1

) O•*9,( 1)

> 1)

.1• (-141>CC.,S' C)

7,2341olt 2)
It1lE i

)109( 2)
(C,,3(-1)

3 > . .. or k

~' " *,'} (;2 (74.(

4 * .•5 1 t -lI

14,2( 6)
f. F. 1 1

I..e-C*I1C(-1)

t4.. 4 C',E
*. ;c.,f 1 1

(?.4( i

NC1E 2' 1IF!.JF %!TA J•N" HtVF a:k' LFF'I OfF C!UE '7I HALF LUFE C"RREC1IONT



TABLE 4.3
DECONTAMINATION FACTORS FOR CRWS PRIMARY DEMINERALIZER B

INUCLIr t

1-131
1-132
1-1321-13'
1-13!•
C$-12'i
c}-13e
CS-13iNA-24
CR-S•i

F E-51;
CC-5 7¢C-.
Cc0-tto-fo

RpU [-I C -
DG-11C C
SE-124
SE-125

F-14 •

IC/3
1 3 9 1C18

!/li
l1C,2 113.-

1/18
1108

rEC01TMTN010: FiC*Cf

1 .31±.3] ( C)Ir. 3' 1 1
C. TE 1

tý<i 1

,[

ýGT E 1

N1.C .T7 Ei
N,03!.C5 (-E)

'f.7.*.1-1)
,'9±a,2 q(-1 I

(r ,3 ('-1)
I,•,T E I

(4.31-])
tIr IE
I, I i

>2.el I)

.ie.1 ,.0 C-i)
•1E 1
ICT E 1
NCT E 1

44.210C)

Nc'•E 1

:, i .. (7 ( J ]
,51,',O cs O)

<9. 8-1)

3. Il !' C I4F 1

N 91 E )

hT'E 1

k;: 14c( IJE

tj QE I

t.,l E 1N.C1iE 1

4 rTE 1

tIT E INr.1 E 1

'9.11-1)
N T E 1
NOTE 1
Nu E I

1.31+.08( 1)

t•TE ]'1,21 C)
2.?2±.2' 4(C1.11062 ()

2.31.920( C)
NCTE 1

1I3E+.77( C)

NOIE I
NLTE 1

<1.51 C)
44.6t

NOCE I
1.634.46( 0)

hVCE I
NCTE 1

'5.01 0)
NCTIE 1
NOTE 1
NOT E I
NOTf 1

1.59+.52f 1)

1.19+.(6( 1)
NtTE 1

<5.94 0)

t5069#.e'd 0)
NOT E I

3 801919( 0)

'1.0 4 1)
32.94 e 0)

UCT E 1
NOTE 1NC1 E 1

KcE 1
NOTE I1
'Cl.o1 1)

NOTE 1
NOT E 1<8 .0 1-11

N67E 1

A1.2( 0)
NOTE 1
NOTE I
NOTE iNGTE1

1.964.07( 1)
NDTE 1

1.354.061 1)
NOTE I
'396t 0)3.C8j.Z6{

NATE 16.3 5.3 6 0)2:78.21(
'3.641 C)

317± .376 0)
NOTE 1
NOTE 1
NOTE 1<3.6( )
NOTE 1

1.41•.63( 0)
NOTE 1

2•45+.90( 0)
'3.8t C)
NOTE 1

NCIE Is TtF'E LsTA PHjAV|J¶ HtE bEEN LEII OGF CUE IC HALF LIFE CORFEJTIJNS
L• jtThF j f .I-E! A5•OL!ATEC WiTH RITIFEMI111L OPEPATIEUNS W1IH 4 NUMBEkS



TABLE 4.3 (cont'd)

DECONTAMINATION FACTORS FOR CRWS PRIMARY DEMINERALIZER B
Ck PPI M Y CEM]I4 P OF

c/2PC

DECONTAPINATICN FAMOgR

WA1EI IP p :

NUCLICE

1-1311-132
- 133

13!

NA-24
CP-51PN-54
FE-5S
CE-57
CO-58
CE-6C
ZN-65
No-95

to RL-103
o c RUIC6

SE-124

19 -12 5

3/ r$
135f,

E.5 748 92 (-1)
~tt E I1h•l1 IE
NCTE I
Ncf E 1

1905!.C',( 0)
f 674,3-2)1.291.C34 C)

•t.044rP {r1

NLTE 1I.14_j.tCCO)I2 33.46C( C)

8.9C.7•218(-1)
3.461.11( C)

>l.8i C)
SC)

INtTE I
N~CTE 1

'q.1C12.2( 0)

C)

1 . E$C.42( C)
4 .3(-,)
t I6TE I
f. r.-T E 1

9.434.321 C)

4.4113.C -1)
91,45(-1)
>1.•( C)<1. 0 ,4 1 )

j.C34.u4 (-I)S•Tc 1
2,Coj.e2(-1)

2.4l14.29(-1)
t Il E 1

.1.2( 0)
I "rTE 1

>4 C (-I)
5.•112.7( C)1.L2_T.4,, 0

If[TE I
1.•745!2t E

IýME 1

WICTE Is PAIA faiN, PtVE BEEN L.EF' UFF CUE 71 HALF LIFE CEURRECTIONS
CF O-ThEF F PFLaLEI:S iEs5ln,.TED 61TH ARI7HEMI1IC OPEFATIONS '0IIH < NUPBERS



TABLE 4.4

DECONTAMINATION FACTORS FOR CRWS SECONDARY DEMINERALIZER A
L Rw I# E ' u-CKND A kY VE .4 N .4 V f

t: I

C t -131tA -Ž4CS-i34

CR-•1

FE-•.gCL-5?

NB-9.•

F E-5 9

ýPL-3 f
Izt-3C6

LD-124!

CE-124¢F.-I2

1 1 C 1.24
IIC.1

1/24 2/ c
1412

2/28
1020

CECl N1T .P V4ATIC[ FtCTOR

42.7( C)
G, ?E 1<1..( C)
.I. E 1

i.6F..41t 1)
IXTE 1

.•,6t÷, c(c

(q.lt C)
23ý4.311( r.)7,31•.319t-1)

IN -TE 1

I!: ET• E 1
t .3214 C)
W{ E I

ICTE IUF.E 1

)'?.9( j)

•;CTE 1
<e.3( C)

rt,1 E I
fCTF 1

i.o44..2( C)
" CTX I

4.(0+4.5( CI

?.134.334 1)
. M,.TF 1.

2. 174.2?4( C)

?t.1.t.i5( C)
2:1* c- C)

2o 4ý;l2U C)

1'TTE 3
1.7341.2( 0)!•; ?ý 1 E I

fl¢.C-'4.,1 ( -I )
<1?2 ( CI

19f440.'6( C)

NCT E I
9.601.77({-I)

)i ,9( C)

1011~3+013( C)
UIYE I

tc IE 1
4.77+.74( 11
3.31+.I19 1|

Si .F_ 1
2.171.281 1 j
3.(.C±SttC C)
5,93I22,9 C)

?.:3..(I7( C)ý. "L.T E •1
2 te.47( C0

i~i, I E 1

9:13±7.4(-I)
1.34+.P( (0)

t.J( 1
1.2±+. 28( C)

>2.Li C)
MJTE I

2.7e.1.1( 0)
NrjT E 1

'3.0 1 01

NfET E 1
.25+.941( 1)

N tlTE I
Z.e3+.1I( ii

NCIE 1
1 13,t 251-C
f : 471 * 182
2.17+. *4

INNE 1

3.4*14.C5( 0)
tNTiE 1

i.684. 164 01

1.344.;C( 0)
NUTE I27.13*2(-1)

ý24±.64-I)

Nr4T E 1
t.25±21 Sd-l)

>1.931 0)
>8.8 4 0)

1.344.1.04 0)
NOTrE 1

2.60+2.6( 0)
NBf E 1
NOTE 1

2.744.28( 1)
NOITE 1

203c.039( 1)
NfdrE 1

1•.33+1.34 1
2 441. .8( 0)
4.1811.6( 0)

%108( 10)
1.45l.C1it 0)
1 514.03( 0)

Ni•E 1
2.CIO+ 334 0)[.72:12t 0)

iiDlTE 1
(4.5(-1)

NCTE I
5,73+;2.1-1|)
3.91±2.9 (-1)
1016ý9J1( 0)N •TE 1
9.38+1*0(-1)

>2;5( C)
4•OTE 1

NCTE 3I TEi-FF ttIt FJ7TlT Hl~F LEFN LEH' C"f CLE TL HALF LIFE CORECT10NSL.•~~~ ~~ lFr wrr,{.Y' IS[-I•~ I•• .i., FjII 1:1, ]C JP E AI ý'GNS W ITIH < ,NUMBERS



TABLE 4.5

DECONTAMINATION FACTORS FOR CRWS SECONDARY DEMINERALIZER B

CkHtC l~rUijtL.A-Y LEVIN 'I CL

CI F

IHLCLICE

1-131
1-132
1-133
1-134

CS-13 4
cs-13f
CS-1u7t41-2'4
CR -51

FE-519
W C-!- 7
CC-6C

Z-I5
RLC-l9e

SB- 12 4
St-125

LI-1 4C
CE-1'e1

tNcE 2 a

IC I C I t24
'AI

1/24
12%2

2/ S
1411-

2/28
1023

tEA~1~tTI~T~PtCTUR

1.14. Z41 CI1,134.l, G• )
1.13+.)JL C)

f.,• rj F 1ti'CTE 1

1.(,',4.P1( C)

ýriF 3>e .P.-1)
f ItF 4

~ 3312. -1)

'5 .'5l-1)

1.Ct±.L-4( 0)
.iTE 1

r1.524.521 C)
N t.F 1c•t T L. 1
C", f• E 1ii"TF I

NOT E 1

~C E I
>e, e (-I ;

NETE 1
NETE I

1.1'.4 C5( 0)

'1.7 0j
rVh .i 1

'5.3( C)

•-CTE lt °•t I

2.104.11 I 0)
?.~..2i(C)
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TABLE 4.6

COOLANT RADWASTE DEMINERALIZER AVERAGE RADIONUCLIDE CONCENTRATIONS

Primary Demineralizers Secondary Demineralizers

Inlet
Demin ANucl ide (Uci/ml

1311
1321
1331
1341
1351

134Cs
136Cs
137Cs

1 .74
6.30
4.63
8.22
4.22

3.69
9.51
4.38

+

+

±
+

±

+

+

+

3.4(-3)
13.5(-5)
3.2(-4)
2.28(-4)
7.4(-4)

0.45(-3)
9.9(-5)
0.44(-3)

4D 24Naco
51Cr54Mn
59Fe57Co
5 8Co
6 OCo
6 5Zn
9 5 Zr9 5Nb
9 9 Mo

10 3Ru
106RuD
110mAg
12 4Sb
12 5Sb
140Ba
14 0La
14 lCe
144Ce

7.07 ± 4.0(-5)
3.70 ± 3.29(-5)
4.32 ± 3.8(-5)
8.76 ± 4.9(-6)
1.17 ± 0.46(-5)
3.65 ± 2.9 (-4)
5.63 ± 4.4(-5)
<1 .6(-6)
4.27 ± 4.2(-6)
1.18 ± 0.78(-5)
6.27 ± 7.4(-5)
<2.9(-6)
4.24 ± 2.39(-5)
3.67 ± 2.10(-6)
1.94 ± 2.0(-6)
<8.1 (-6)
<4.4(-5)
1.72 ± 1.2(-5)
1.64 ± 1.45(-5)
3.43 ± 3.03(-5)

Outlet
Demin A
(PCi/ml)

4.13 ± 6.7(-6)
<9.0(-6)
<4.1(-6)
<1.6(-4)
1.79 ± 1.62(-5)

5.05 ± 1.7(-4)
<9.3(-6)
1.14 ± 0.35(-3)

<1.9(-6)
3.11 + 0.52(-5)
1.92 ± 1.4(-5)
4.05 ± 2.7(-6)
9.26 ± 6.5(-6)
2.95 ± 2. 1(-4)
4.21 ± 3.:0(-5)
1.54 ± 1.33(-6)
3.27 ± 3.6(-6)
7.81 ± 4.3(-6)
1.29 ± 1.14(-5)
<1.7(-6)
1.29 ± 1.18(-5)
2.27 ± 2.04(-6)
1.23 ± 0.78(-6)
8.53 ± 1.8(-6)
<6.2(-6)
4.87 ± 2.74(-6)
3.90 ±8.10(-5)
2.64 ± 2.46 (-5)

Outlet
Demin B
(UCi/ml)

2.80 ± 1.9(-6)
9.75 0 0.28(-6)
2.19 ± 1.92(-6)
<1 .3(-4)
<2.7(-5)

3.77 ± 2.7(-5)
<6.9(-7)
1.12 ± 0.77(-4)

<1 .5(-6)
1.88 ± 1 1(-5)
3.07 ± 4:1(-5
3.06 ± 2.4(-6)
9.29 ± 0.23(-6)
2.44 ± 2.5(-4)
7.40 ± 10.0(-5)
8.10 ± 0.59(-6)
3.71 ± 3.3(-6)
7.36 ± 7.1(-6)
<8.5(-6)
1.11 ± 0.53(-6)
<3.1(-6)
1.05 ± 0.14(-6)
2.67 ± 1.2(-7)
6.51 ± 2.4(-6)
<1 .6(-6)
4.27 ± 2.4(-6)
1.58 ± 0.78(-5)
<8.9(-6)

Inlet
Demin A
(iuCi/ml)

7.48 ± 5.5(-6)
<3.1 (-6)
4.31 ± 4.6(-6)
<3.7(-5)
<9.7(-6)

5.96 ± 3.0(-5)
<8.5(-7)
1.79 ± 0.93(-4)

<9.4(-7)
3.82_± 3.6(-5)
3.51 ± 3.4(-5)
7.90 ± 9.3(-6)
2.24 ± 1.6(-6)
5.82 ± 5.8(-4)
6.42 ± 5.6 (-5)
<4.4(-6)
7.36 ± 6.4(-6)
1.53 ± 1.5(-5)
<1 .8(-6)
1.01 ± 0.71(-6)
<4.7(-6)
1.64 ± 0.44(-6)
4.64 ± 2.2(-7)
1.01 ± 0.14(-6)
<2.3(-6)
5.20 ± 4.2(-6)
3.98 ± 2.5(-6)
1.69 ± 0.63(-5)

Outlet
Demin A
(pCi/ml)

4.90 ± 4.2(-6)
<7.9(-5)
6.80 ± 3.2(-6)
<3.0(-4)
<2.6(-6)

1.80 ± 1.0(-6)
<3.2(-7)
6.16 ± 4.0(-6)

<3.6(-7)
1.7 -5)
4.37 7.1(-5)
2.12 ± 2.0(-6)
6.10 ± 2.0(-7)
2.65 ± 2.1(-4)
3.42 ± 2.2(-5)
3.38 ± 1.90(-7)
3.00 ± 2.6(-6)
5.88 ± 4.7(-6)
<1 .7(-6)
6.18 ± 2.9(-7)
<2.0(-6)
1.87 ± l.1(-6)
5.98 ± 1.3(-7)
6.49 ± 1.4(-6)
<1.o(-6)
5.39 ± 4.7(-6)
<9.9(-7)
<2.2(-6)

Outlet
Demi n B
(PCi/ml)

4.33 ± 3.5(-6)
<6.5(-5)
1.45 ± 4.9(-5)
<5. 3(-6)
<2.8(-6)

1.64 ± 0.71(-7)
<3.2(-7)
3.44 ± 3.00(-7)

<3.2(-7)
1.43 - 1.3(-5)
7.25 ± 4.2(-6)
1.47 ± 1.4(-6)
3.28 _ 2.20(-7)
1.90 ± 1.3(-4)
2.59 ± 1.5(-5)
2.00 + 1.40(-7)
1.73 ± 1.2(-6)
3.72 ± 2.6(-6)
<1.4(-6)
4.20 ± 2.6(-7)
1.18 ± 0.82(-6)
3.20 ± 2.6(-6)
1.16 ± 0.77(-7)
4.50 ± 1.3(-7)
<1.1(-6)
5.26 ± 4.0(-6)
<1.1(-6)
<1 .5(-6)



TABLE 4.7

COOLANT RADWASTE DEMINERALIZER "BEST VALUE" DECONTAMINATION FACTORS

Primary Demineral izers Secondary Demineralizers
Demin A

Nucl ide DF

1311
1321
1331
1341
1351

134Cs
1 36Cs
1 3 7 Cs

2 4Na
5 1 Cr
54Mn
5 9 Fe
5 7Co
58co
6 0 Co
6 5Zn
9 5 Zr
95Nb
9 9 Mo

10 3Ru

l 06RuD
1 lOmAg
124Sb
1 2 5 Sb
140Ba
140La
14 1Ce144Ce

4.21 ± 10.0(2)
>7.0(0)
>1 .1(2)
>5.0(0)
2.36 ± 4.7(1)

7.31 ± 2.6(0)
>1.0(1)
3.84 ± 1.2(0)

Demin B
DF

1.48 ± 2.6(0)
<9.2(-1)
"<1.9(0)

>6.5(-1)

1.34 ± 1.1(1)

1.02 ± 0.77(1)

>3.7(l)
1.19 ±
2.25 ±
2.16 ±
1.26 ±
1.24 ±
1.34 ±
<1 .0(0)

Demin A
DF

1.53 ± 1.7(0)

6.34 ± 7.4(-1)

3.31 + 2.5(1)

2.91 ± 2.4(1)

2.18 ± 3.0(0)
8.03 ± 15.2(-l)
3.73 ± 5.6(0)
3.67 ± 2.9(0)
2.20 ± 2.8(0)
1.88 ± 2.0(0)
<1.3(1)
2.45 ± 3.0(0)
2.60 ± 3.3(0)

1.63 ± 1.4(0)
-*

Demin B
DF

1.13 ± 1.3(0)

4.69 * 16.0(-1)

1.10 . 0.78(1)

1.79 . 1.2(1)

*

1.08(0)
2.6(0)
1.9(0)
1.02(0)
1.3(0)
1.4(0)

1 .65
6.25
1 .32
9.97
1.21
5.69
1.90
8.81
1 .06

+
+

_+
+

_+

_+

_+

_+

_+
1 .31
1 .51
4.86

I ± 1 .9(0)
± 1.3(0)
± 7.17(0)

3.29 ± 3.53(0)
1.62 ± 1.72(0)
1.58 ± 1.9(0)<9.5(-I)

>1 .5(0
<1.6 (0
>4.1(0
2.16 ±
4.61 ±
1.31 ±

1.14 ±
2.47 ±
>3.0(0)

1.0(0)
9.6(-1)
1.4(0)
7.0(-1)
1.5(0)
8.7(-1)
0.17(-1)
12.5(-1)
1.2(0)

1.76(0)
3.5(0)
0.55(0)

0.65(0)
5.27(0)

1.22 +
6.03 ±
1.44 ±
1.86 ±
1.39 ±
1.32 ±
1.69 ±
1.73 ±
1.58 +

1.6(0)
10.4(0)
1.9(0)
0.62(0)
1.5(0)
1.1(0)
0.00(0)
1.9(0)
1.7(0)

8.77
7.76
1 .56

Overall System

DF

4.02 ± 8.50(2)
>0.97(0)
3.19 ± 11.0(1)
>1.6(2)
>1.5(2)

2.25 ± 1.01(4)
>2.9(2)
1.27 ± 1.1(4)

>2.2(2)
2.59 ± 3.29(0)
5.96 ± 6.28(0)
5.96 ± 6.58(0)
3.57 ± 2.77(1)
1.92 ± 2.1(0)
2.17 ± 2.11(0)
<8.0(0)
2.47 ± 2.97(0)
3.17 ± 3.05(0)
>4.5(1)
<6.9(0)
3.59 ± 3.22(1)
1.15 ± 1.14(0)
1.67 ± 2.05(1)
<1.8(1)

3.27 ± 3.37(0)
>1.5(1)
>2.39(l)

+
±
±

5.7(-1)
4.1(-l)
0.41(-1)

1.47 ± 1.1(0)
<1.7(0)
5.84 ± 5.9(-l)
5.16 ± 3.6(0)
1.44 ± 0.53(1)

1.02 1.2(0)3.53
4.21
1. 30

+
+

+

2.5(0)
9.49(-l)
1.67(0)

9.65 ± 11.5(-1)
>4.o(o)
>7.5(0)

* These data points have been left off due to half life corrections or other
problems associated with arithmetic operations with < numbers.



FIGURE 4.2

1311 CONCENTRATIONS FOR CRWS PRIMARY DEMINERALIZERS
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FIGURE 4.3

1311 CONCENTRATIONS FOR CRWS SECONDARY DEMINERALIZERS
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The water containing the 2/25/79 spike had not been processed by the
secondary demineralizers when sampled, and another sample after the in-
plant measurements were complete would have been required to see if it
would actually be propagated through all four demineralizers.

Figure 4.4 shows the 1311 DF's for all four demineralizers and the
purification demineralizer, plotted as a function of the 1311 inlet
concentration. The overall trend for all four CRWS demineralizers shows
a correlation between feed concentration to a demineralizer and the
decontamination factor. For all four demineralizers the slope is approximately
one, but each demineralizer operates in a narrow range of inlet activities
such that (except for the one spike) it is not possible to tell if each
demineralizer would independently show a slope of one if fed water with
varying 1311 concentrations. Figures 4.5 and 4.6 show 1 34Cs and 1 37Cs
decontamination factors for the four coolant waste demineralizers and
purification demineralizer plotted as a function of inlet concentration.

Although the feed to the coolant radwaste system did not show a
wide range of concentration and the DF for each demineralizer did not
show a large range, the DF did show a slight decrease during the sampling
period. The slope of the inlet concentration vs. DF data from four of
the five demineralizers is negative. The DF tended to increase as the
feed concentration decreased for each successive demineralizer, starting
from the purification demineralizer. The data for the secondary demineralizer
B is difficult to compare with the other three because the effluent
concentration from this demineralizer is mostly below detectable levels.
For cesium there appears to be a correlation between the feed concentration
and the DF, the higher the demineralizer inlet concentration the lower
the DF. The purification demineralizer appears to have reached a point
where it was not able to absorb a large amount of cesium and the DF has
dropped to approximately 1.

Figure 4.7 shows the DF plotted as a function of the inlet concentration
of 6 0 Co for the four coolant waste demineralizers. The data indicate
that the crud-associated radionuclides are generally distributed evenly
through all four demineralizers and each demineralizer has a DF close to
1. Most of the liquid processed by the coolant radwaste system has
passed through the letdown filter and purification demineralizer which
would tend to remove cruds large enough to be physically stopped or
which are ionic. The material which reaches the coolant radwaste system
appears to be in a form which is not removed by any of the demineralizers
or filters. The known soluble ionic species tend to have a high DF in
a demineralizer whereas cruds tend to migrate through the resin, not
being stopped on any single demineralizer. With a given feed and constant
migration rate the DF would reach 1, but with a large increase or decrease
in feed concentration one would expect the instantaneous DF to become
greater than or less than 1, respectively.
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FIGURE 4.4

1311 DF VS. INLET CONCENTRATION FOR CRWS AND PURIFICATION DEMINERALIZERS
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FIGURE 4.5
1 34 Cs DF VS. INLET CONCENTRATION FOR CRWS AND PURIFICATION DEMINERALIZERS
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FIGURE 4.6
1 3 7 Cs DF VS. INLET CONCENTRATION FOR CRWS AND PURIFICATION DEMINERALIZERS
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FIGURE 4.7
6 0 Co DF VS. INLET CONCENTRATION FOR CRWS DEMINERALIZERS
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4.4 Conclusions

It is useful to examine the behavior of ion exchange resins so that
the results of the measurements can be explained. This examination
will show that the behavior of both the iodines and cesiums (which
appear to be quite different) is the same. The iodines and cesiums can
be shown to be at different stages of adsorption on the resin.

If a demineralizer of length L is broken up into increments of
length AL and the radionuclide concentration on the resin (VCi/g) is
determined for each increment AL, the shape or adsorption curve would
be as shown in Figure 4.8, assuming the demineralizer has not reached
full equilibrium.

Figure 4.9 shows how the absorption curve progresses across the
demineralizer with time. In Figure 4.9A the concentration in AL1 has
almost reached equilibrium with the feed and the DF has almost reached
1. As the column continues to load (Figure 4.9B) the feed to increment
AL2 will increase until the concentration in the increment AL2 approaches
equilibrium with the feed concentration and is now equal to the feed
concentration to increment AL1 . This process will continue until the
last column increment, AL4, has reached equilibrium with the feed to AL,
(Figure 4.9C). The DF of the entire demineralizer is now 1, and the
inlet and outlet of each column increment is equal. The system has
reached the break point in Figure 4.9B when significant activity begins
to come through the column.

The coolant radwaste system demineralizers can be thought of as one
demineralizer with sample points at each increment, AL. During the
period of sampling these.systems, the purification demineralizer had
reached equilibrium and had a DF of 1 for cesium, except in the case of
a spike or decrease in activity as explained above. The coolant radwaste
system primary demineralizer A can be thought of as the increment AL2.
This demineralizer is approaching but has not fully come to equilibrium.
If this increment, AL2 , could be examined, we would see that the demineralizer
is not evenly loaded with activity. Until the increment AL2 reaches the
same concentration as the purification demineralizer effluent, there
will be a DF greater than 1.

This process would continue for each demineralizer until the last
one would reach a DF of 1. The actual rate and mechanism of the ausorption
process, the nature of the adsorption equilibrium, the fluid velocity,
the concentration of solute in the feed, and the length of the adsorber
bed all contribute to the shape of the curve.

This behavior is in accordance with the design principles for
chemical removal by ion exchange beds (11). The detailed mathematical
description of the behavior of a given chemical specie is complex and
could be formulated only after considerably more detailed laboratory
and field investigations.
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FIGURE 4.8

ADSORPTION CURVE FOR DEMINERALIZERS
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Referring to the ion exchange equilibrium equation discussed in
section 2.6, it is possible to discuss the reaction of iodines and
cesiums in the demineralizers. Recall that for a system there is an
equilibrium between the inlet radionuclide concentration and the concentration
on the resin. This constant will be different for the different ionic
species. If it is large, a small percentage of the species will be held
on the resin, and if it is small, a large percentage will be held on the
resin. A new resin bed is not in equilibrium when it is put in service,
and a high DF will be observed for all nuclides. The DF for a particular
nuclide will drop as the bed concentration begins to reach the constant
ratio for that nuclide. There will be fluctuations in the DF whenever
the inlet concentration increases or decreases drastically because the
resin concentration will change to maintain equilibrium.

The time it takes for any short-lived radionuclide to migrate
through the demineralizer can be long enough that it decays to very low
levels before release from the demineralizer. This appears to be the
case with 1331 which was not seen in the effluent of the primary demineralizer.
By using the inlet and outlet concentrations for 1311 and 1331 along
with their half-lives, it is possible to estimate how long iodine is
held on a demineralizer. Since 1331 did not show up in the outlet of
the primary demineralizers, one can only calculate a minimum holdup time
on the resin. Using eq. A-l from Appendix A the holdup time, AT, for an
element can be calculated.

from 2/9/79 1311 data x = 4.66(-4) uCi/ml 1311 inlet
VF y = 5.80(-5) uCi/ml 1311 outlet

DF =.a x = 1.2(-6) uCi/ml 1331 inlet
Yx Y = <8(-6) VCi/ml 1331 outlet

DF = y-1

InDF n 8.03(2)
DF I

AT I= •_0.15-(0.06) > 5.4 days

The holdup time for iodine is greater than 5.4 days which would
indicate that even 1311 would be reduced by decay.

A large increase in the concentration of 134 Cs occurred in the fuel
pool during refueling. This increase in the feed concentration to the
demineralizer caused the DF to increase. As the activity was removed
from the water the DF returned to one and a new equilibrium concentration
was reached. The system contains the total amount of activity that was
present before the refueling plus the increase during refueling. At
first the added activity is in the water, but the demineralizer which
now has a high DF because of the unbalanced condition, removes activity
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from the water until the activity in the water and resin return to the
equilibrium condition for cesium. With equilibrium re-established, the
DF will return to one but the concentration in the water and the resin
must be higher because of the added activity to the system, The slope
of the plot of DF vs. inlet concentration is one during the period the
demineralizer is collecting material in order to reach the new equilibrium
level.

The purification demineralizer showed the effect of a decreased
inlet 1 34 Cs concentration after water was added to the refueling cavity
from the BWST, which added to the effective reactor coolant volume. The
reduced concentration in the feed would require that the demineralizer
release cesium from its inventory to maintain the equilibrium constant,
This requires that the DF be less than one so that there is a net loss
of activity from the resin. The DF did drop to 0.7 for 1 34Cs and 1 3 7 Cs
at this time.
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5. BORIC ACID RECOVERY AND LIQUID RADWASTE SYSTEMS

5.1 System Description and Sample Points

5.1.1 Boric Acid Recovery System

The boric acid recovery system is a subsystem of the coolant
radwaste system and functions to recover concentrated boric acid and
purified water from the reactor coolant system wastes.

The flow diagram of the boric acid recovery system is shown in
Figure 5.1. The flow diagram of the demineralized reactor coolant
storage system is presented in Figure 5.2.

The reactor coolant wastes processed by the boric acid recovery
system are reactor coolant letdown and reactor coolant drain tank effluent.
The letdown is removed from the makeup and purification system downstream
of the letdown filter. The reactor coolant drain tank is a receiving
tank for the reactor coolant system drain and vent headers, borated
water storage tank overflow, letdown line relief, core flooding tanks,
and makeup tank relief. Both the letdown and drain tank inventory
enter the coolant radwaste system through an atmospheric pressure flash
tank (see section 4.1).

The flow path from the flash tank normally takes the wastes through
the primary ion exchangers into one of two coolant waste receiver tanks,
then through the secondary ion exchangers and into one of two coolant
waste holdup tanks. The waste holdup tanks are feed tanks for the
boric acid concentrator (BAC) and as such may be considered the headwaters
of the boric acid recovery system stream. There are two alternate
routings from the waste holdup tanks are either directly to the deborating
ion exchangers bypassing the BAC or to the miscellaneous radwaste system
filters (F-692C or D in Figure 5.3). Each holdup tank has enough capacity
for one reactor coolant volume and each of the holdup tank pumps has a
capacity of 150 gpm and may be used to transfer the contents of either
of the holdup tanks.

Two cartridge-type filters in parallel in the waste holdup tanks'
common effluent line pass feed to the boric acid concentrator. The
filters are disposable pleated epoxy-impregnated cellulose elements and
are designed for 98% retention of 5 micron particles. A filter is
replaced when the pressure drop across the filter exceeds 25 psig.

The boric acid concentrator (BAC) is an AMF vacuum distillation
evaporator with integral gas stripper. Process water enters via the
gas stripper at a normal rate of 30 gpm and drains to the BAC feed tank.
The flow rate to the SAC feed tank is controlled by the BAC feed tank
level control valve. One of two BAC feed tank pumps transfers the
volume being concentrated to the BAC.
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FIr-URE 5.1

BORIC ACID RECOVERY SYSTEM FLOW DIAGRAM
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FIGURE 5.2

DEMINERALIZED REACTOR COOLANT STORAGE SYSTEM FLOW DIAGRAM
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The evaporator bottoms are concentrated to 4 weight percent boric
acid (8500 ppm boron) and are normally pumped by the concentrated boric
acid pump to the concentrated boric acid storage tank for reuse in the
reactor coolant system. The bottoms may also be directed to the miscellaneous
waste concentrates storage tanks or to the spent regenerant tanks.

Condensate from the evaporator enters the BAC condensate tank from
which it may be returned to the BAC feed tank for further deborating.
If the condensate boron concentration is sufficiently low, the condensate
is pumped through the BAC condensate cooler to one of two identical debora-
ting ion exchangers for the removal of trace amounts of boric acid.
Each demineralizer is charged with 70 ft 3 of strong base anion resin.
The resin bed surface area is 12.5 ft 2 and depth is 5 ft. 7 in. The
deborating demineralizer output normally is sent to the demineralized
reactor coolant storage tank (DRCST), but it can be sent directly to the
makeup tank.

The usual flow path of demineralized reactor coolant to the makeup
tank is through one of two demineralized reactor coolant storage tank
demineralizers and then through the demineralized reactor coolant storage
tank filter to the makeup tank. Each demineralizer is charged with 50
ft 3 of anion-cation resin and each resin bed has a surface area of 12.5
ft 2 and depth of 4 ft. The filter is of the same type as the BAC feed
tank filters. The filtered demineralized reactor coolant joins the
stream from the reactor coolant pump seals and together they join the
stream from the makeup filters before entering the makeup tank.

The flow of demineralized water to the makeup tank is controlled
remotely by the makeup control valve. During normal operation, reactor
coolant dilution is terminated by the batch controller, the control rod
drive interlock, or the operator.

Table 5.1 presents the deborating system components information
with the components listed in the usual order that they function within
the system.

Liquid sample points are denoted by circled AP's (analysis points)
in Figures 5.1 and 5.2. Table 5.2 lists per sample point the sample
point valve(s), the location of the sample point in the process stream,
and the type of sample that could be collected at the sample point.
During the in-plant measurement period it was not possible to obtain a
sample of the BAC feed filters effluent because the effluent line was
subjected to the BAC vacuum and no workable sampling valves were installed
during the period. Samples were collected in 50 ml or 450 ml bottles as
described in the Source Term Procedures (6).

BAC samples were collected during six separate BAC operations
spanning the time period 9/13/78 to 2/7/79. A given sample set usually
included the evaporator feed, bottoms, distillate, and the effluent of
the BAC deborating ion exchanger. At the time of sampling the values of
the evaporator operating parameters and sample chemistry information
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TABLE 5.1

DEBORATING SYSTEM COMPONENTS

Identity No.

T-610A & B

P-611A & B

F-628A & B

E-613

V-603

P-631A & B

E-612

P-618

T-704

V-615

P-616A & B

E-619

D-617A & B

T-621

Name

Coolant Waste
Holdup-Up Tanks (2)

Coolant Waste
Hold-Up Tank Pumps (2)

BAC Feed Filters (2)

BAC Feed Preheater (1)

BAC Gas Stripper/
Feed Tank (1)

BAC Feed Pumps (2)

BA Concentrator (1)

Conc. Boric Acid
Pump (1)

Conc. Boric Acid
Storage Tank (1)

BAC Cond. Tank (1)

BAC Cond. Tank
Pumps (2)

BAG Cond. Cooler (1)

Deborating Ion
Exchangers (2)*

Demineral ized Reactor
Coolant Storage Tank
(1)

DRCST Pumps (2)

DRCST
Demineralizers (2)**

DRCST Filter (1)

Tank/Pump
Capacity
(Gal/GPM)

60,000

150

1,000

50

60,000

100

450,000

175

Filter
Mi cron

Filter
Design
Flow
(GPM)

3 50

P-622A

D-623A

F-626

&
&

B

B

1/2 175

* Resin

** Resin

Type:

Type:

ES-109 A109 ARA-372(OH-), Strong Base Anion; 70 ft 3

ARM-381 Mixed Bed; 50 ft 3
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TABLE 5.2

BORIC ACID RECOVERY SYSTEM SAMPLE POINTS

Sample Point

Valve(s)

RWS 557

RWS 558

RWS 588

RWS 582

RWS 502

PLS 500

PLS 501

PLS 502
and PLS 503

PLS 505
and PLS 506

Location

Downstream from coolant
waste holdup tank pump
P-611A at pump.

Downstream from coolant
waste holdup tank pump
P-611B at pump.

Downstream from BAC feed
pumps, P-631A & B, upstream
from conc. BA pump, P-618.
(in BAC cubicle)

Downstream from BAC cond.
tank pumps, P-616A & B, up-
stream from BAC cond.
cooler, E-619.
(in BAC cubicle)

Downstream from deborating
IX's D-617A & B upstream
from DRCST, T-621
(across hall from BAC at
demineralizer)

Downstream from DRCST
pumps, P-622 A & B on
DRCST recirc. line

DRCST (at tank)

Downstream from DRCST
pumps, P-622 A & B, upstream
from DRCST demineralizers,
D-623A & B.

Downstream from DRCST
demineralizer D-623A at
demin.

Type of Sample

Coolant waste holdup tank
A. Influent to BAC feed
filters.

Coolant waste holdup tank
B. Influent to BAC feed
filters.

BAC bottoms.

BAC distillate.

Influent to deborating Ion
Exchanger D-617A or B.

Effluent of deborating Ion
Exchanger D-617A or B.

Influent to dem. reactor
coolant storage tank, T-621.

Recirculated dem. reactor
coolant storage tank water.

Bottoms of DRCST

Influent to DRCST
demineralizer D-623A or B.

Effluent of DRCST
demineralizer D-623 A.

Influent to DRCST filter,
F-626.

116



TABLE 5.2 (cont'd)

BORIC ACID RECOVERY SYSTEM SAMPLE POINTS

Sample Point

Valve(s)

PLS 548
and PLS 549

Location Type of Sample

Downstream from DRCST
demineralizer D-623B at
demin.

Downstream from DRCST
filter, upstream from boric
acid addition line.

Effluent of DRCST
demineralizer D-623B.

Influent to DRCST filter,
F-626.

Effluent of DRCST filter,
F-626.

PLS 495
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were recorded on BAC sample information sheets. During the 9/13-14/78
and 2/6-7/79 evaporator operations, samples of feed, bottoms, and distillate
were collected shortly after holdup tank processing began, near the middle
of processing, and near the end of processing. The samples of a given
sample set were collected as close together in time as was feasible.

Sample sets of the demineralized reactor coolant storage system
were taken on 10/16/78 and 1/31/79. Each set consisted of three 450 ml
samples which were the demineralized reactor coolant collected from the
storage tank recirculation line, the effluent of the DRCST demineralizer
(D-623), and the effluent of the DRCST filter (F-626). The above samples
were collected as close together in time as was possible (normally several
minutes apart).

5.1.2 Miscellaneous Liquid Radwaste System

The miscellaneous liquid radwaste system is used to purify
wastes that are not as clean as reactor coolant quality water. Most of
these wastes are collected from sumps in the auxiliary building and will
contain all types of impurities, from oil and floor dirt to detergents
used in cleaning operations. These wastes are collected in either of
two spent regenerant receiver tanks (T689A and B) or the miscellaneous
waste storage tank (T667).

Figure 5.3 shows the flow diagram for the miscellaneous liquid
radwaste system. The basic functional unit of this system is the
miscellaneous wastes evaporator.

Waste from the miscellaneous waste tank is always filtered through
either of two charcoal impregnated filters (F688A and F688B) and then
is normally sent to the spent regenerant receiver tanks. On occasion,
however, the water may also be processed through a mixed-bed demineralizer
(D691) before being sent to the spent regenerant receiver tanks. The
miscellaneous waste tank is not used as a feed tank for the waste
evaporator operation even though that flow stream is available.

The content of one of the spent regenerant receiver tanks is processed
through the evaporator system when one of the tanks has been filled to
capacity. The feed solution is passed through one of two feed filters
(F692A or F692B), through the preheater-gas stripper and into the evaporator
feed tank. The condensate is routed through two demineralizers (D676A
and D676B) in series and held in the miscellaneous wastes condensate storage
tanks (T674A and T674B) for testing before transfer to its final location.
The normal path is to the miscellaneous water holdup tank. The evaporator
bottoms (or concentrate) is pumped to the miscellaneous wastes concentrate
storage tanks and held until shipped offsite for disposal.

Liquid :sample points are shown on Figure 5.3 and are designated
by AP (analysis point). Samples were drawn fron the spent regenerant
tank pump discharge (RWS 401 or 403) and are called the evaporator
feed. Samples were also drawn from the evaporator distillate sample
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FIGURE 5.3

MISCELLANEOUS LIQUID RADWASTE SYSTEM FLOW DIAGRAM
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point and evaporator bottoms sample point, and the discharge from each
of the two condensate demineralizers. Normally a full set of samples
was pulled at the beginning and the end of the run and extra bottoms
samples pulled during the run in order to provide a mass balance. On
occasion, however, only one set of samples was taken due to operational
difficulties encountered with the evaporator.

Six sets of samples were taken from the miscellaneous waste
evaporator (MWE) during the course of the investigation. These were on
9/25/78, 10/25/78, and 11/14/78 before shutdown and on 1/16/79, 2/3/79
and 2/15/79 after refueling. Sufficient samples were taken from all
except the 10/25/78 and 11/14/78 sample periods to provide a mass balance
in the system.

Only one data set was taken during operation of the miscellaneous
waste demineralizer (D691), due to the infrequent nature of this
operation. The single run was on 1/10/79 after refueling was complete.

5.1.3 AMF Evaporator Functional Description

Rancho Seco utilizes two AMF evaporator systems to treat
radioactive liquids. One system, the boric acid concentrator (BAC),
processes borated reactor coolant quality water to produce a purified
water distillate and a boric acid concentrate, both of which may be
reused in the reactor cooling system. The miscellaneous waste evaporator
(MWE) processes radioactive wastes containing boric acid and potentially
containing considerable corrosion products, dirt, cleaning chemicals and
detergents. The MWE concentrate is prepared for off-site disposal, and
the distillate may be suitable for reuse in the reactor system.

Although the two evaporator systems are used to process different
types of liquids, they are identical in design and hence the functional
description which follows is valid for both. Also pertinent to both
systems are the AMF evaporator internal arrangement schematics presented
in Figures 5.4 and 5.5 and the equipment specifications presented in
Appendix Table C.I.

Prior to system operation the evaporator is evacuated by actuating
the gas stripper and concentrator vacuum pumps and the 1000 gallon
evaporator feed tank is filled through the gas stripper system using
the process liquid storage tank pump. Indicator and chart readout of
temperature in the feed tank and at key points in the system are provided
on the control equipment panel. After startup, the liquid level in the
concentrator feed tank is automatically controlled by a flow control
valve which responds to a feed tank level controller.

Water which is to be processed enters the concentrator feed tank
through the gas stripper column. Feed to the stripper is pre-heated
to 195 0 F and sprays into a packed column which drains into the feed
tank. Non-condensible gases are removed by the gas stripper vacuum
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FIGURE 5.4

AMF EVAPORATOR INTERNAL ARRANSEMENT
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FIGURE 5.5

AMF EVAPORATOR INTERNAL ARRANGEMENT
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line and discharged to the waste gas collection header or to the radwaste
exhaust duct. Condenser vapor and residual feed liquid refluxes down
through the packing, stripping vapors from the gas stripper heater below.

The concentrator feed tank receives degassed liquid from the gas
stripper for processing through the evaporator and also serves as a
container for the concentrator bottoms. Vacuum equalization between the
feed tank and concentrator is achieved by means of a two-inch pipe
connecting the two. A feed pump circulates the liquid waste between the
feed tank and the evaporator, discharging feed into the boiling section
of the concentrator just above the liquid level. A six-inch diameter
stand pipe functions to maintain proper boiling level and to return
concentrator bottoms to the feed tank to minimize the concentration
difference between the concentrator and feed tank. A high level probe
in the concentrator when activated de-energizes the feed pump and
initiates heating shutdown.

The heating medium for evaporation is low pressure, saturated steam.
The submerged U-tube, two-pass type stainless steel heating tubes and
sheet assembly bundle has an effective heating surface of 635 square
feet. The heating surface consists of 331 No. 18 BWG 5/8 inch diameter
tubes.

A perforated plate installed above the concentrator boiling water
level separates entrained particulate impurities and liquid droplets
from the vapor. Two demisters and a sieve tray are located beyond the
moisture separator to receive reflux distillate and to further wash the
vapors. A vacuum line near the top of the condenser discharges non-
condensible gases to the waste gas collection header. The U-tube,
four-pass stainless steel condenser tube and sheet assembly bundle has
an effective condensing surface of 1040 square feet and contains 464
No. 18 BWG 5/8 inch diameter tubes.

Distillate discharge is controlled automatically. Distillate
generated with a purity that is out of specification .is automatically
rejected and returned to the concentrator feed tank. A conductivity cell
located in the 100-gallon distillate tank controls (through the conductivity
indicator controller located on the control equipment panel) the operation
of the distillate reject valve and discharge valve. The desired distillate
purity is set on the conductivity indicator controller. A portion of
the distillate, nominally 3 gpm, is continuously returned to the sieve
tray section of the evaporator as reflux. The distillate pump discharges
the-distillate to facility storage or returns it to the feed tank.

Upon shutdown, the concentrator automatically drains to the feed
tank through the heating area drain. The feed tank heater maintains the
temperature in the feed tank to prevent boric acid crystallization.
Evaporator bottoms are discharged to a facility storage tank by opening
the respective concentrate discharge pump discharge valve and activating
one of the feed pumps and the concentrate discharge pump. These pumps
are stopped when the feed tank indicated level has decreased to 7.5
inches.
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Following concentrate transfer, the concentrator may be flushed with
demineralized water using internal spray nozzles provided for this purpose.
The rinse is continued until the feed tank level is approximately 24
inches. Each of the feed pumps in turn is allowed to run for 5 minutes
and the concentrator to drain to the feed tank. The rinse water is then
discharged in the same manner as concentrates are discharged.

The BAC and MWE are normally operated to achieve a bottoms boron
concentration of 8500 ppm boron. During concentrator operation with
relatively high ppm boron feed, the desired concentrator boron concentration
will be attained quickly and the concentrator operation will be continuous
with cycling bottoms discharging. The start time, duration, and frequency
of bottoms discharging are determined by the operator using the boron
concentration of the feed and the initial bottoms boron concentration.
He then sets the three concentrate discharge timers to achieve and maintain
a bottoms concentration of 8500 ppm boron.

5.2 Evaporator - Feed Filter - Gas Stripper DF Calculations

Three sample points were used to collect liquid samples of influent
and effluent of the two evaporators. The liquid samples collected were
the following: (1) concentrator feed tank influent sampled upstream of
the feed filters, (2) distillate collected downstream of the distillate
reservoir, and (3) bottoms sampled upstream from the concentrated boric
acid pump (bottoms discharge pump). It was not possible to obtain a
sample of the feed filter effluent because the filter effluent line was
subjected to the evaporator vacuum and no workable sampling system was
available during the in-plant measurement period.

Integral to the evaporator system is a gas stripper column which
removes non-condensible gases from the evaporator feed liquid. Those
gases are discharged to either the waste gas collection header or to
the radwaste exhaust duct. The latter path is chosen if the liquid
being processed has a high oxygen content. Non-condensible gases which
are not removed by the gas stripper are removed from the concentrator
condenser compartment through a vacuum line which discharges to the
waste gas collection header.

A measured evaporator system decontamination factor (DF), feed
activity divided by respective distillate activity, reflects the cumulative
radioisotope removal efficiencies of the feed filter, gas stripper column,
and concentrator (evaporator). The DF's for the individual components
could not be measured due to the lack of adequate sample points. However,
the DF of the feed filter plus gas stripper may be calculated using a
concentrator system mass balance equation. The concentration of a
radionuclide or boron in the bottoms at time t, PB(t), is given by
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VB(O) dVF At dV1/DF) - - +dV PF /

PB(t)= PB(O) -B- Id-B' - + N dtVBD

E dVD At D

N- B(tN) dt

where

PB(o) = initial bottoms concentration

VB(O) = initial bottoms volume

VB = conc. feed tank volume (1,000 gal)

dV F
F = flow rate to conc. feed tank

dVD
concentrates pump discharge rate (30 gpm)

PB(tN) = bottoms concentration at time of Nth discharge

N = number of bottoms discharges

At = elapsed time since evaporator was put into service

PF = mean concentration of feed

PD = mean concentration of distillate

DF = decontamination factor of feed filter and gas stripper
together

AtD = concentrates discharge pump on time

The bottoms concentration at the time of the Nth discharge is given by

VB(O) + dVF I T / dVD 1 N-i

PB(tN) =[PB(o) + B -d•- V- (P-F(l/DF) - PD) AT] . - ZF VB

N -2 It -I D1 dV At-
d+ tD~ E dt ~ (l (ID (At + Ato)l~ v ,

-07 UC V B FD 0 TDF)B
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where

Ato = time in the concentrates discharge cycle that the discharge
pump is off (I minute).

AT = elapsed time before first bottoms discharge

N = number of bottoms discharges = (At - AT)
At D + At 0

Let K - PF(I/DF) -d t

dVD AttD
CFt - V7

and A = cF(l/DF) + K(AtD + At)]

then the bottoms concentration at time t may be written

V B(°) N VB(O)L-

PB(t) = PB(O) _V(o + KAt + C WNF(I/DF) - i PB(O) + KAT) (l-C)Ll

L-2

+ E: A(l-c.)m
W=O

and the difference in bottoms concentration between t1 and t 2 is

PB(t2) - PB(tl) = K(At 2-At'l) + C7pF(I/DF)(N 2-Nl)

L•NN2  [ VB(-) C)L- L-2 A .C)m
-C ~ (PB(°) VB + T)I C + E- A(l-

L=N 1+l + B mO

The feed-filter plus gas-stripper DF may then be written
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DF =

dOF PDIA2AlA (ICL-IcAD to ICm+CoBo VB (O -CPB(t 2 )'PB(tl) dt VB( B

dt _VS j(At2-Atl)CTIIcL--(tD+Ato)EE(lcm +(2"N)c•(-~

(1)

5.2.1 Boric Acid Evaporator Mass Balance

During two sample periods, 9/13-14/78 and 2/6-7/79, the
operation of the evaporator was such as to allow sufficient collection
of data to perform calculations of feed-filter plus gas-stripper DF's.
Data for these samples can be found in Appendix Tables B.14-B.16.
Figure 5.6 is a plot of bottoms concentration vs. elapsed time for the
BAC operating on 9/13-9/14/78. Three samples of the BAC bottoms were
collected during processing of an isolated coolant waste holdup tank for
the purpose of determining radionuclide concentrations. The sample
collection times when referenced to the time at which distillate was
first discharged correspond to elapsed times of 2.07, 6.42, and 24.67
hours. Also collected during the process cycle were three bottoms
samples used to 'determine bottoms boron concentrations.

The low concentration of boron in the feed, 157 ppm, allowed the
concentrator to be operated in a batch mode with no bottoms discharging
during its 9/13-14/78 operation. The bottoms boron concentration is to
a very good approximation a linear function of time (pB = 260.12 At +

94.53; r 2 = 0.9995). For the case of no bottoms discharging, N, = N2 = 0
and all summed terms are zero, so equation 1 takes the simplified form

DF = F (2)[PB(t 2 ) - PB(tl)] VB 2

(At 2 - At1) (''F) D

The 9/13-14/78 feed-filter plus gas-stripper DF's listed in Table 5.3
were calculated using the above formula. Values of [PB(t2) - PB(tl)]/

(At2 - At,) were obtained using linear regression by the method of least

squares and a value of VB/(dVF/dt), which is the feed tank fill time,
was calculated using the rate of boron concentration.
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FIGURE 5.6

BOTTOMS CONCENTRATION VS. ELAPSED TIME FOR BAC, 9/13-14/78
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TABLE 5.3

BAC FEED FILTER -GAS STRIPPER DF's *

9/13-14/78 2/6-7/79

Nuclide DF DF

1311 1.6 1.7
51Cr 1.4 1.3
54Mn 9.6 1.3
59 Fe --- 0.9
57Co 3.7 1.3
58Co 3.5 1.1
60Co 5.9 1.2

1iomAg 1.3 ---

• Calculated using mass-balance equation.
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(dV Fý
P(t)BORON ýO O)B0R0N + -'F ";D] (df) At/VB

APBORON = - (dVF\

At = PD] -)/VB = 260.12 ppm/hr

VB : -F - •D 1 [157 - 0.4 -0602 hr

dVF 260.12 260.12
dt

Figure 5.7 is a plot of bottoms concentration vs. elapsed time for
the BAC operating on 2/6-7/79. Four samples of the bottoms were collected
during processing. The times at which the samples were collected when
referenced to the time at which distillate was first discharged correspond
to elapsed times of 0.30, 1.98, 8.48, and 19.70 hours. An additional
sample was taken concurrently with each of the above samples for
determination of the boron concentration of the bottoms.

The evaporator was put into service on 2/6/79 with the concen-
trator feed tank containing the concentrate of liquid processed on
2/5/79. The high initial boron concentration in the bottoms, 10,570 ppm,
required the concentrator operation to be concurrent with cycling bottoms
discharging. The concentrates discharge pump timers were set such that
the discharge pump operated for a duration of 1 minute every 14 minutes
beginning 19 minutes after evaporator operation began.

The 2/6-7/79 feed-filter plus gas-stripper DF's listed in Table 5.3
were calculated using equation 1. Except for the DF of 1311, each DF
is an average of two DF' s, one computed using the concentration difference
between 1.98 hours and 8.48 hours and the other computed using the
concentration difference between 8.48 hours and 19.70 hours. The DF for
1311 shown in Table 5.3 is that calculated using only the concentration
difference between 8.48 hours and 19.70 hours. The 1311 DF calculated
using the concentration difference between 1.98 hours and 8.48 hours is
0.6. This value of less than one may be'attributed to the anomalously
low 1311 concentration measured at 1.98 hours.

Referring to Table 5.3 a comparison of September and February DF's
shows the calculated DF's of 1311 agree very well. So also does the DF
for 5ICr. The DF's of 54 Mn, 5 7 Co, "BCo, and 6 OCo are significantly
smaller in February than they were in September. We have no explanation
for the difference.
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FIGURE 5.7

BOTTOMS CONCENTRATION VS. ELAPSED TIME FOR BAC, 2/6-7/79
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The average DF for 1311 indicates that 40% of the 1311 in the BAC
feed was removed by the feed filter and/or gas stripper. As the 1311
removal efficiency of filters is commonly poor, it is likely that nearly
all of the 1311 removed was discharged as a noncondensible gas via the
vacuum discharge lines of the gas stripper and condenser compartment.

5.2.2 Miscellaneous Radwaste Evaporator Mass Balance

The miscellaneous radwaste evaporator was sampled four times
for a mass balance determination of the feed filter-gas stripper DF's.
Table 5.4 lists the calculated DF's from the mass balance using equation
(2). The data from January and February are reasonably consistent, but
the September DF's are much larger. We have no explanation for this
difference, except that it is consistent with the data from the boric
acid evaporator.

5.3 Discussion of Measurem.ent Data

5.3.1 Boric Acid Evaporator

Measurements of radionuclide concentrations in liquid streams
of the boric acid evaporator system commenced 9/13/78 and ended 2/7/79.
A summary of pertinent chemistry and operating parameters for the sample
sets is presented in Table 5.5 and may be viewed graphically in Figure
5.8. Feed rate ranged from 17 to 32 gpm, the average being approximately
27 gpm. The evaporator boiling section temperature ranged from 48.9 to
79.4°C, the average being 65°C. Internal evaporator pressure ranged
from 120 to 323 mm Hg, the average being 210 mm Hg. Boiling section
temperatures were such that vapor pressure was frequently 20 to 30 mm
Hg below the internal evaporator pressure as indicated by the evaporator
vacuum gauge.

The concentration of boron in the evaporator feed ranged from 34 ppm
two weeks prior to the refueling shutdown to 3,200 ppm three weeks
following startup. The low boron concentration in the bottoms on 9/13/78
at 11:19 reflects a measurement made soon after the evaporator was put
in service. The high initial bottoms boron concentration measured on 2/6/79
is due to the fact that the concentrator feed tank contained the concentrate
of liquid processed on 2/5/79.

The variations in the above-mentioned operating parameters do
not appear to be correlated with the concentration of radionuclides in
the evaporator feed. Evaporator operating procedures require that
distillate conductivity be maintained at values less than 2 Vmnhos/cm. A
distillate conductivity meter located in the distillate reservoir causes
distillate which does not meet this specification to be recycled through
the evaporator. After evaporator startup the operator may make adjustments
to the initial values of feed flow rate, boiling section temperature,
and evaporator vacuum so as to produce distillate of sufficient quality.
The rate of vaporization of liquid in the concentrator boiling section
is determined by the boiling section temperature and vacuum (pressure)
and that rate, of course, determines the distillate discharge rate,
which under equilibrium conditions is equal to the evaporator feed flow
rate.
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TABLE 5.4

MISCELLANEOUS RADWASTE EVAPORATOR FEED FILTER - GAS STRIPPER DF's*

Nucl ide

1311
134Cs
136Cs
137 Cs

51Cr
54 Mn
5 9Fe
57Co
SeCo
60Co
6 5 Zn

9 5 Zr

9SNb

99Mo

10 3Ru

I 1OmAg

12 5Sb

140Ba

14OLa

1413Ce

144SCe

9/25/78

2.1

4.3

11.6

3.9

37.8

31.5

24.8

16.9

63.7

28.4

1.7

9.4

9.3

3.7

8.3

1/1§L79
1.7

1.1

0.87

1.8

3.6

4.4

2.1

1.5

2.5

3.1

1.5

1.4

1.9

3.2

2.0

0.93

2.7

2/3/79 "

1.0 1.1

1.0 1.0

0.87 3.3

0.95 1.06

2.1 3.3

2.1 3.7

2.0 3.6

1.8 2.9

1.7 2.5

1.8 2.9

2.2 3.2

2.4 3.7

2.1 3.5

1. 0.79 t

1.0 0.76
1 .0 0.73

0.52 4.7

0.90 0.68

3.5 1.3

1.6

1.0

2.0

1.9 2.8

1.4

2.8

3.0 7.0

1.9

1.2

1.9

1.2

1.2

0.88

0.70
1.2

3.1

3.3

2.3

1.1
1.2

0.52

2.5

0.99

2.1

1.2

1.1

0.25

3.5

2.6

0.54
1.2

0.70

0.64

5.2

0.43

* DF's calculated from Mass Balance.

t Two determinations of DF's were made, first one using data
obtained at 0844 and 1231 and the second using data obtained
at 1231 and 1454.

tt Two determinations of DF's were made, first one using data
obtained at 0902 and 1122 and the second using data obtained
at 1122 and 1411.
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TABLE 5.5

BORIC ACID EVAPORATOR OPERATING PARAMETERS

Time Date

-dCa)

1119

1349

1540

0955

1347

1029

1057

1045

1537

1700

0955

1422

1603

2233

9/1 3/78

9/13/78

9/13/78

9/14/78

10/5/78

10/17/78

10/18/78

11/2/78

11/2/78
1/16/79

1/17/79

2/6/79

2/6/79

2/6/79

GPM
Feed
Flow
Rate

30

30

30

32

28

30

30

29

29

17

20

27.5

27.5

27.5

IN
Feed
Tank
Level

0C
Evap.

Boiling
Section

Temp.

mm
Hg

Evap.
Vacuum

mm
Hg

Internal
Evap.

Pressure

mn
Hg

Evap.
Vapor

Pressure

Boron
ppm

Feed
Fi l ter

Conductivity
umhos/cm

DEB
Ix

31

31

31

31

33

32

32

32

79.4

79.4

79.4

79.4

70.0

58.9

59.4

65.6

66.7

48.9

51.7

65.6

65.6

64.4

431.8 323.2 346.6

444.5 310.5 346.6

444.5 310.5 346.6

444.5 310.5 346.6

546.1 208.9 233.7

584.2 170.8 141.9

584.2 170.8 145.2

456.1 208.9 192.6

533.4 221.6 202.2

635.0 120.0 87.6
635.0 120.0 100.6

523.2 231.8 192.6

520.7 234.3 192.6

523.2 231.8 182.5

525.8 229.2 182.5

B

B

B

B

A

A

A

A

A

A

A

B

B

B
B

B

B

B

B

B

B

B

A

B

157

157

157

157

121

96.8

102

34

34

3200

214 0.4 1.5 2.0 0.3

0.4 0.28

1858 0.28

6168 0.33

3000 1.1 12. 0.98

4936 0.23

7597 0.21

3629 1.1 0.90 20. 0.23

4403 0.23

Feed Bottoms Dist. Feed Bottoms Dist.

32

31

31.3

470 10800

9695

472 8309

468 6980

4.5 40

2.5 41

2.1 32

0.45

0.33

0.29

415 0.270946 2/7/79 27.5 31.5 64.4



FIGURE 5.8

BORIC ACID EVAPORATOR OPERATING PARAMETERS
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It was found that the evaporator feed flow rate (i.e., distillate
discharge rate) correlated very well with the sum of concentrations of
six radionuclide particulates ( 51Cr, 54 Mn, 5 7 .SB60Co, 110 Ag) in the
feed. A linear fit to the data yielded the following coefficient and
constant:

dVd- = -2.11(3) PF + 29.8

with a coefficient of determination of 0.96, where

dV = feed flow rate

PF = sum of concentrations of six particulates.

The constraint of distillate purity was met by setting the vaporiza-
tion rate in proportion to the particulate concentration of the feed.
This is so because the probability of particulate carryover to the
evaporator condenser via entrainment (liquid suspended in the vapor
as fine droplets) increases with increasing boilup rate.

Samples of boric acid evaporator feed, distillate, and bottoms
were collected during six separate boric acid evaporator operations.
Measured radionuclide concentrations in these samples can be found
in Appendix Tables B.14-B.16. The means and ranges for the radio-
nuclide concentrations measured are given in Table 5.6. "Best value"
DF's for the boric acid evaporator are listed in Table 5.7. A "best
value" DF of a radionuclide is equal to the ratio of its mean feed
activity to its mean distillate activity. Mean activities are
arithmetic means which were computed using one-sigma less-than
values. Values of instantaneous DF's (feed concentration divided
by distillate concentration) are presented in Table 5.8 and the
instantaneous bottoms/distillate ratios are listed in Table 5.9.

The four radionuclides having the highest mean concentration
in the BAE distillate are (in order of decreasing concentration)
5 8 Co, 51Cr, 6 0Co, and 54Mn, an order which is identical to that
which the mean concentrations of these nuclides exhibit in the
evaporator feed. The mean concentration of 58Co in the distillate
is about a factor of two higher than the mean concentration of 5 1Cr
and a factor of five higher than the mean concentration of 54Mn.
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TABLE 5.6

MEANS AND RANGES FOR RADIONUCLIDE CONCENTRATIONS IN BORIC ACID EVAPORATOR FEED, DISTILLATE, AND BOTTOMS

Feed Distillate Bottoms

-I

(A)

Nuclide

1311

134Cs
137 Cs

51Cr
54Mn
59Fe
5 7 Co
58Co
GO
6 5Zn
95Zr
9 5Nb
99M0

10 3Ru
11OmAg
124Sb
125Sb
14OBa
14OLa

141Ce
144Ce
2 39Np

Mean
(UCi/ml)

8.1(-7)

4.6(-7)
1.7(-6)

9.7(-5)
2.2(-5)
6.7(-6)5.4(-6)
8.2(-4)

7:4 -

6.1(-6)1. 3(-5)

3.9(-7)
3.6(-6)7.0(-6)

4.4(-7)
1.4(-6)1.7(-6)

3.5(-7)
7 .4(-7)4.0 -6)
1.3(-6)

Range
(uCi/ml)

1.6-52. (-7)

9.3-6600. (-9)
4.6-2300. (-8)

1.0-580.(-6)
1.9-107.(-6)
2.1-500.(-7)
1.5-360. (-7)
1.0-500.(-5)
8.6-443. -6)
5.1-520. -8)
1.3-336.(-7)
1 .2-770.(-7)
6.6-320. (-8)
9.1-4000.(-8)
4.1-540.(-7)
1.2-280. (-8)
4.1-1000. (-8)
1.0-2600. (-8)
3.3-200.(-8)
6.0-560. (-8)
2.6-3200. (-8)
1.2-120. (-7)

Mean
(uCi/ml)

2.5(-8)

3.3(-8)
5.2(-8)

1 .4(-7)
5.4(-8)
3.4(-8)
1.9(-8)
2.7(-7)

4l -8)

2. 3(-8)
1.5(-8)

3.3(-8)
2 .4(-8)
4.1 (-8)
5.8(-8)
3.5(-8)
2 .4(-8)
1.3(-7)
1.0(-7)

Range
(iCi/ml)

6.0-86. (-9)

1 .4-18.(-8)
2.3-38.(-8)

2.7-55. (-8)
1 .9-25. (-8)
4.5-150. (-9)
2.6-77. (-9)
3.6-71. -8)
2.0-24.(-8)
1 .8-220.(-9)
3.1-140.(-9)
2.6-66. (-9)
1.3-200. (-9)
2.3-58.(-9)
5.0-120. (-9)
2.3-110.(-9)
2.7-170.(-9)
1 .1-240.(-9)
2.4-320. (-9)
1.5-91.(-9)
1.5-610. (-9)
2.1-810.(-9)

Mean
1.Ci/m2)

1.2(-5)

1 .0(-5)
1.6(-5)

7.8(-4)
2.2(-4)
4.8(-5)
2.5(-5)
6.3(-3)9.2(-4I

4.9(-6
9.6(-5

2.8(-6)
1.7(-5)
5.2(-5)
3.5(-6)
7.7(-6)
9.4(-6)
3.3(-6)
5.8(-6)
2.1(-5)
6.6(-6)

Range
( 4Ci/ml )

1 .1-34.(-6)

6.6-254.(-7)
2.1-54.(-6)

2.3-2540. (-6)
4.6-40. (-5)
9.8-1200.(-7)
1 .9-79. (-6)
7.1-1170. (-5)
1 .7-15.3(-4)
6.0-200. (-7)
4.6-990.(-7)
6.9-1970. (-7)
4.9-124.(-7)
3.3-480. (-7)
4.1-109.(-6)
1 .7-73.(-7)
7.4-560.(-7)
8.7-780.(-7)
2.1-73.(-7)
2.9-190. (-7)
9.4-630. (-7)
6.1-340.(-7)



TABLE 5.7

"BEST VALUE" DF's FOR BORIC ACID EVAPORATOR

"Best Value"

Nuclide DF

1311 3.3(l)

1 34 Cs 1.4(l)
13 7Cs 3.2(l)

51Cr 7.0(2)
5 4Mn 4.1(2)
5 9 Fe 2.0(2)
5 7Co 2.9(2)
5 8 Co 3.0(3)
6 0 Co 8.2(2)
6 5Zn 1.8(1)
9 5Zr 1.9(2
9 5Nb 7.7(2)
99Mo 1.7(1)
103Ru 2.3(2)
11°mAg 2.1(2)
124Sb 1.8(1)
125S3.3()
14°Ba 2.9(1)
1 40La 1.0(1)
141Ce 3.1(1)
144Ce 3.1(1)
2 3 9Np 1.3(l)

* "Best value" DF - mean feed activity/
mean distillate activity
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TABLE 5.8

INSTANTANEOUS DF's FOR BORIC ACID EVAPORATOR

f A. C F C 0N1 iI'~Ai &N FACTR

9/13
123(

q913
l?51

q/13
1447

NLCL[EF

1-131

CS-137
1R-51

E-5E

NE-65
ME-99Rt-IG.?
A.G-1ICM
5$-124
Sl- 12 5
84-1 4C
LA-14C

wCE- 14 1
raCE-144

?iFE 1 1

>7.24
P CTENCTF

>5.0(
'E .9 (

>9.7(
S* 76-%1,7(

hrTE

fJ1 E

B~ *34o•?(

'2 .54
<2,o5

N TE
N f.' I

2)

cI

3

C)

C)
2)
2)
1
1
1
C)
C)
1)

CI
I
I
1

7 C1E 1C 7.] E 1
> .4 f c)
> .E4 C)'1.14 2}

'1.14 1)
21,±.60* 2)

ttTE 1
fiCTE I
NCTE 1
14.3( C)
'12.74 0)

8.264g.9t C)
t'. o-lE 1NQu' E 1
NQ E 1

'1.74 i)
NUTE 1
NOT E 1

'7.7(
NC'E
N U~T F

NOTFE

'1.1.4
'4.24
'1.04
p2.9(
•1 .t(

h C T E

NCTE
NOT E

02.9T'1.34
NCTE
I•OlE

NOTE
NOTE

C)c
1

2)

2)
c)
11

1

I)
1)
1
1
C)
I
1
1

115,

FACTOR

13.9( 0)
NOTE 1
NOIE 1>,.2 0 2

>6.8 1)
>1.81 0)
'5.2 4 0)
>7.5 51)
>1,7.4 2)

NOT E 1
NOT E 1
NOT E 1

>2.74 0)
>1.7( 0)

.75 +2. C 0)
OCTE 1
iCT E 1
NOTE 1'1.14 0 )
tJT E 1
NCTE I

10/ 5
1246

> 6 ( 1)

>393( C)
'4.21 1)

1,,4Q+72( 2)
NVTE I

>1.4( 1)
4.5111.4( 2)
1,*8+,57( 2)

NMTE 1
NOTE 1

>1.*41 1)
NOTE 1

>8.1( 0)>3,21 1)
> 2 3 O)
)4.61 0)

NOTE 1
NOTE 1
NOTE 1
NOTE 1

<2.0( 0)

THE5F DATA r,ýIATS HAVE bEEN LEFT OFF iDUE TO HALF LIFE CORRECTIONS
CC C'Th-k FV.MESS ASSUCIAIED hil- ARITFEJ¶I7IC IJPEWATTNS 41TH < NUaMaERS



TABLE 5.8 (cont'd)

INSTANTANEOUS DF's FOR BORIC ACID EVAPORATOR

CATE

ItLCL~tr•E

1(C3171C39 1iC7
iI/ 2iC46 15/ 2 1/16

1707

cEcrI#•E! -N FACTIO

1-131

CR-5]

CC-51

CZ•-6C
ZtP-6t
Zk-9!
I4C-9!
P•U-IC 3

R-120
C-l',c

.1L-14C
p.b C E-,i4 1

D C E- 1 'i4
NP-239

4.171.-11( 1)
'98, 5I , -i)f

3.63±•.bi (2)
1.5f±.13i 1)

"5.8( 1)

1 .6 6 .1 .2 4 2 )

>2.8t 1)
> 4.2( 1
)•.0( 2)

),992( li

UILT' 1

•.CE 1

iCt- E I>I-i *1

t, C s ( 1) NIT 1
< C ) L'1.8R 4 )

0'.2( C) fLTE I
S 57".23( 2) 42.2(£)

I,*IT 1 N3.- 1).154e'.f. I.) NlO01 1].3C_4.2•( 2)} 1.'11.+.14( 2)

ll f.7 1 2.3(.C 5( iJ

) 10 4 1) )1-1 1
L.o E I 1,
,'•/T• 1 INwi•T 1

~h'CI i tE I
iOlE 1 aUTf 1

r • 7E TE F
VL 1 E 1 M OTE I

>2.2 (
I1 , 3.
NOTE

)2 .0.1

I 41.A61.46+4. 6
7.33V1 .3

>1 3'1.31
'9.2 1
'1.9{

N3.0 ,
' 3.5 C

NOI ENOT EN 61 E
N C IF

0)0)
1
2)
2)
1)
C
C

0)
i1
1)
1
I
1
C)
1
I

1)

5.0 8,ti.8 ( 1)
(7.3( 1)

NOT E 1
>2.5( 3)

?.9711.5( 3)
>7*0( 2)

7.C4±.42( 3)
2.01+.±46( 3)

'2.11 1)7.el!4.!ý( 2)
>2.11 3)

NOT E 1
>1.21 3)

1.501.92.( 3)

> 6.o2.C 1)
>6.21 1)
NE1 1)

'19.:5 1)
NOT E I

NECIE Is ll-EE , LVA PF,'4i' H tAVE 'ENEW LEFI OFf. LUE If HALF LIFE CORMECTION:;
IT X.IFEIH t u3L2t' ASPJ;UEL. -. TH APIt -HEM1~110" UPEFATI(IN' WITH < PLbiEES



TABLE 51.8,(cont'd)

INSTANTANEOUS DF's FOR BORIC ACID EVAPORATOR
B. A. E. CEC.PfTA'AP.'ATICN FACTOk

1/17
957 1424

21 t
2235

21 194e

NUCLICE

-i- 311: 13 i
$ -11i

MIN-.F4
FE-59
-i57IC-5 8g -6C
-V65

4, -95•

RtJ -IC 3
AG-11CPlt8'124

A-214C

gp-239

CFCflNTA•INATICtN FACIOA

<1.14 2)
NOT E I
INCTE 1

2 5311.6( 31
3S671.1q 3)

°8s4f 2)
'3.04( 3)

>1091 2)
'9°.0 2)
"'.14 3)

41.4( 2)
'5.et 2)

2.1-31 t 3)

>2.e( 2)
INiZTF 1

'4.*9 1)
<2.54 2)

N TE I
fNOTE 1

'1.1( 1)
312 14 2)
>4.2( 2)

e.3615o.• 1)
'7.9( 1)

1.731.12( 3)
1.01,1.8 1 3)

03.994 0)

'3.44 2)
NIE 1

'2.7( 1)
1.C-01. 2( 2)

'5.24 0)
gl E 1
NCTE I

<607( 0)
N*ItE 1

>1.1( 21
KiTE 1
N•TE 1

7.f715.2( 2)

.±1( 
2)

3.5C1o.8( 3)

>2.0( 2)
:1.2( 2)

NOTE i31:2* 2)
>1.24 2)

'3.54 1)NOTE 1
(3.5( C)

NOTE 1
'2.30 1)
>2.99 11

NOTE 1
3.9112.2( 2)

>1.7 ( 3)
3.12.t.- •I 2)
l>1.843

2.8 1 2)

'5.44 2)'2.3( 1)
'2.64 1)I>1.0 2)
'1.34 1)NOT E 1
'3.71 13

02.6( 0)>1.14 1)
l 12i

oTlE 1i TliESF .IOATA POINTS HAVE bEEN' LEIl GFP CtE TE HALF LIFE C-1kiRECTIONS
CF crhER PFaL•Lt tS;.C1TEOD ýIMH AF, ITHEjI QpPEFATIOGS WITH < M4UMEERS



TABLE 5.9

INSTANTANEOUS BOTTOMS/DISTILLATE RATIOS FOR BORIC ACID EVAPORATOR
6.tE. bL1jrv,x',i,'!VV.1LL•fE IF

Co iZ E

INUCL LI E

-131
C•-1B'7

CR-51
PIN-54
fE-19

C-E

AG-11oP
se-174
S8-12ý
BA-14eC
LA-14C

•CE-141
)CE-124f
tdP-23cP

9/13
1121

q91 3 9114
9 ,i

10/ !
134f~

30/17
1C24

P-O ; 1"r ; / IJ•. .1.LL 91 F

A5.0(
>2.7t

$9TE

> 2L * 7 1

'1.31

N01

tLT EN' rT k

1)
1)
])

1.
1)

B
1
]

])

I
1)
1

>5.11

'1.21p 3 . 8 1

-7.11
)2 .61

>1 .-2
)> *()4 .11
'1.21

'7.91
> 7 .C f

t C I E
>t .2 (

1)
1)
2]
1)
1)

2)
t )
C:)

2)
C)
C)
C)
2 )
C)
1
o)

4 .7 1)

'3.2f I)'4.71 1)

.2 2

53.2 1)
'.1.31 2)

N•T E 1

>i.3( I)

3~.4( C)
>i.,10 1)
'4.3i1 C)
'1.41 1)
)43 C )

'3.4, (C)
' .(J C ()

52.31 2')
NOI! 1

>6..9( 2)
5.49+2.*7( 3)

>' .3 2)
>4.4~ 2)

1i.0..~( - 4)

>1.90 2)
P0.7( 1)
').6 f 2)
'2 .4 1)'9.,.i 1)
7.e 1 2)
NJOT E 1

>7.91 1)N, GT F• 1
>2.41 1)
>4 .2( 1)

'1. o 1)

2:L5+.31( 3)

1:04+.2131 4)
2 .39±.1b1 3)

'2.41 3)
5.48±.62( 3)
8.4311.2( 31
5.79±.73( 3)

3•.91 3)
'l1.! 3)
'8.1( 3)

4.23±.j 10W)
'2.41 3)

2.631.23( 3)
>8,71 2)
>2.71 3)

NOTE 1
>4.8( 2)
>1.3( 3)

NOTE 1
VOTE 1
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TABLE 5.9 (cont'd)

INSTANTANEOUS BOTTOMS/DISTILLATE RATIOS FOR BORIC ACID EVAPORATOR
.A.E. 6CTTf4iS/tI•T1LLATE [;F

qIlp E 11/ 2
1C43

11/ 2

6r . T[;, -"iD .i STILL ATE

165-1
1/17

952

Ii CL-3 1E

-137
HM-54
FE-1!4

EO-58G-fc
R-65
ZR-95
INB-95

AG- II10m
9-124
f! lt 12

E-,,E141

1.7t4.184 3
1.811. 13 31
6 69')1o0( 3)

.2241.44 ( 3)
)'394( 3)

4'.t6j1.74 3)8.94.1i.t( 3)
I.0 f.C'1( 4)

>1.44 3)
)1.9( 3)
>6.0( 3)

E*271t2o8( 3)
-%3.34 3)

7.9017.6( 2)
>7.6( 2)
> 6'4( 3)
!N TE 1

>f.7( 1)
>1.64 3)

NeTlE 1
>9.44 2)

hX7E 1
41.7( 2)

tNCTF 1
36.9( 3)

>6.4•4 2)
)13.$( 2)

t"•l E 14.P0,Wl7 3~z
3.5C,2291( 2)

>2. 0 3)
'1.21 24
'7.34 2>6.3( 2)

N 601 E 1,
PCTE I
NLTE 1
I•CTE 1

53.G( 2)
NtTE I

51.4( 2)

>8.34 1)
)9.00 1)

IOTE 1
)5.0( 3)

)3,81 2)
2.74+.87( 2)
S:'3_+5.8( 3)

NUTE 1
)3.0( 2)
12.C( 3)
NOTE I

>9.0( 2)
>8 .:4 2)

NOTE I
NOTE I

>1.7( 1)
>1.54 2)
'6.9( 1)

NOTE 1

2.37.1.5( 2)
'77.0 ( 2)

NOT E 1
>6.11 3)

8.28741( 3)

4.65.3.6( 3)1.5a•±.Cg 4
.18±121 31
'2.3( 2)

2.3011.4( 3)
5f.14 3)

NOTE 1
>1.14 3)

N.C3+1.9( 3)

NOTE 
1

CT E I
NC1E 1
14CTEMCI E 1

>3.2( 2)
Nc"I 1

t.'•0+ 79 ( 2)>1;9 2)
,NCTE 1

6.00±3 .91 319._6±5 .2( 3
'2.7( 3)
'2.31 3)

1.55+.o5 4)
ONý, fTE 1

8.7?'.t8 .3( 1)
%2.0o 3)

7.0015.1t 31
>2.7( 2)
32.2( 2)

NOTE 1
>1.8( 2)

6 .e2,6 .2(2)
14CTE I
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TABLE 5.9 (cont'd)

INSTANTANEOUS BOTTOMS/DISTILLATE RATIOS FOR BORIC ACID EVAPORATOR
E.AoE. bUT SiL,1i..LLBIE L4F

2•/ t 2/ 7
2-20 (,42

•ITCM.¶IL'JSTILL ATE
TIFE

C- 134
CS-137
CR-!1PN.--54FE-59

cc-FE

ZP-95
tNE-95

pu- IC 3
AG-110P
SB-124

?-,CE-219tik,1,
IFp-239

21 t

I.71_5.fOt 2)
>2.eq 21

'-3.2( 3)
>i.2t 3)].82±.*12( 3
31.2( 3)

2 *7r,-4,C
~'41

)1%7s1 2.)
"•.B4.j3 .3( 3)

" 3)
STE I'7.4! 2)

)1,4( 2))•CTE I
)>*4( 2)

N ,1(1 )F~crE a

I' .l ( 1)
>4.4( 21>3.5( ?)

1 024.69( 4)

)3.C( 3))L, .A 1 3)

'4.3( 3)

'3 .3( 3)

'2.C3 2)
21. C 2)

'2.4 2 Z
'.•.9t 2)
)Q.C( 2)

7.C2g.C( 2)

'1.6( 1)
2.34+1.31 3)

't,7( 3)

6.21. 1 2)
3, e, P( 2)

'.13)
),2o71 3)

2.2612.7( 1)
'3 6 2)

41.2t 2)
t7.41( )
2-rTE 1

'1.29 2)'(=.8( 1)
'7.91 1)
'1.t( 2)
'.3.94 1)

NCIE Is "IEEF Dtlio NTJ•NTl HAVE BEEN LEFt aFI CUE If HALF LIFE CURRECT1DNS
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The range in mean concentration of these dominant radionuclides
is much smaller in the distillate than it is in the feed. An examination
of Table 5.6 reveals that mean feed concentrations among all radionuclides
vary by a factor of 2300 while mean distillate concentrations vary by
only a factor of 18.

5.3.2 Miscellaneous Radwaste Evaporator

Samples of miscellaneous radwaste evaporator feed, distillate,
and bottoms were collected and measured during six separate evaporator
operations. The measured concentrations of radionuclides in these
samples are listed in Appendix Tables B.19-B.21. Figures 5.9 through
5.17 display the changes in concentrations of 1311, 1 3 7Cs and 58Co for
the feed, bottoms and distillate, respectively, during the entire
measurement period. As can be seen from these figures, the feed to
the evaporator was fairly constant over the six-month measurement
period. However, there was enough difference to provide a distillate
concentration to feed concentration correlation for 1311 (compare
Figures 5.9 and 5.11). There was no correlation for either 137Cs or 5 8Co
with respect to distillate concentration against either feed or bottoms
concentration for the data from the miscellaneous radwaste evaporator.

The means and ranges for the entire data set are given in Table
5.10. Decontamination factors (DF's) for the evaporator were calculated
as the feed concentration divided by the distillate concentration for
each series of samples taken during the measurement period. The measured
instantaneous DF's are given in Table 5.11. Plots of the DF's for 1311,
137Cs and 58Co over-the measurement period are shown in Figures 5.18-5.20.
"Best value" DF values are given in Table 5.12. Previous studies (4),
have shown that some DF measurements are strongly correlated to the feed
concentration. Although the feed concentrations for the miscellaneous
radwaste evaporator did not show large variations, the correlations
still appear to be true when data from both evaporators are included as
shown in section 5.4.

Although the feed/distillate DF's are those that are most important
from the users standpoint, the bottoms concentration is the more
important factor in the operation of the evaporator. Figures 5.21, 5.22
and 5.23 show the bottoms/distillate ratio for 1311, 137Cs and 58Co,
respectively. These figures show large differences in the bottoms-to-
distillate ratio which show correlation with the bottoms concentrations
for 1 37Cs and 58Co as shown in Figures 5.24 and 5.25.
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FIGURE 5.9

131I CONCENTRATION IN MISCELLANEOUS RADWASTE EVAPORATOR FEED

1-131 MISC. WASTE EVAPORATOR FEED
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FIGURE 5.10

1311 CONCENTRATION IN MISCELLANEOUS RADWASTE EVAPORATOR BOTTOMS

1-131 MISC. WASTE EVAPORATOR BOTTOMS
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FIGURE 5.11

1311 CONCENTRATION IN MISCELLANEOUS RADWASTE EVAPORATOR DISTILLATE

1-131 MISC. WASTE EVAPORATOR DISTILLATE
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FIGURE 5.12

137Cs CONCENTRATION IN MISCELLANEOUS RADWASTE EVAPORATOR FEED
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FIGURE 5.13
1 3 7 Cs CONCENTRATION IN MISCELLANEOUS RADWASTE EVAPORATOR BOTTOMS

CS-137 MISC. WASTE EVAPORATOR BOTTOMS
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FIGURE 5.14

137Cs CONCENTRATION IN MISCELLANEOUS RADWASTE EVAPORATOR DISTILLATE

CS-137 MISC. WASTE EVAPORATOR DISTILLATE
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FIGURE 5.15
5 8 Co CONCENTRATION IN MISCELLANEOUS RADWASTE EVAPORATOR FEED

CO-58 MISC. WASTE EVAPORATOR FEED
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FIGURE 5.16
58 Co CONCENTRATION IN MISCELLANEOUS RADWASTE EVAPORATOR BOTTOMS

CO-58 MISC. WASTE EVAPORATOR BOTTOMS
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FIGURE 5.17

58C0 CONCENTRATION IN MISCELLANEOUS RADWASTE EVAPORATOR DISTILLATE
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TABLE 5.10

MEANS** AND RANGES FOR RADIONUCLIDE CONCENTRATIONS IN THE

MISCELLANEOUS RADWASTE EVAPORATOR FEED, BOTTOMS, AND DISTILLATE

Feed Bottoms Distil late

Nucl i de

1311
1331

134CS
136CS
137CS

-A

(71
C"

5 lCr
54Mn
59Fe
5 7Co
5 8Co
60Co
6 5Zn
95r

9 5Nb
99mo
10 3Ru
I 1omAg
124Sb
12 5Sb

140La
14 lCe
14 3Ce
144Ce
239NP

Mean
(ýzCi/ml)

4.0(-4)
1.3(-5)
5.0(-4)
7.1(ý-5)
6.7(-4)

.6J-3)
7.6 -4)
1 .7 -4)

5.4(-5)
1.45(-2)
1 .37(-3)l1.6 -fl
9.3{- 5
2.0(-4)1 .6(-5)
2.7 -5)

8.4(-5)
5.3(-5)
8.2j-5)
1.5(-5)
2.1(-5)
8.7(-6)
7.2(-6)1.6(-4)
7(-6)

Range
(RCi/ml),

2.6-95(-5)
4.3-67(-6)

6.5-73(-5)3.9-57 -6)
9.7-100(-5)

2.1-36 (-4)
2. 3-1 7(-4)
3.4-26(-5)1.5-13(-5)

4.1-25(-3)
4.6-29 (-4)
4.3-100(-6)2.4-17(-5)

5.1-37 -5)2.0-59(-6)
4.5-67 -6)

3.1-15(-5)
1 .0-13(-5)
2.9-13(-5)
5.8-33(-6)
l.8-140(-6)
3.7-31(-6)
<4-10(-6)
2 .4-140(-5)
<6-29(-6)

Mean
(UCilml))

3.2(-3)
2.7(-5)

5.2(-3)
5.8(-4)
6.8(-3)

9.1(-3)
2.5(-3)
5.0(-4)
2.1(-4)

83.(-5)

2.1 (-4)
7.4(-4)9.7(-5)
2.5(-4)
8.3(-4)
6.8(-4)
9.8j-4)
7.2(-5)
7.3(-5)
9.3(-5)
3.3(5)
2.86(-4)
3.7(-5)

Range
(iCi/ml)

6.5-120(-4)
6.6-140(-6)

1 .6-9.9(-3)
3.3-83(-5)
2.0-13(-3)

2.2-380(-4)
1 .7-68(-4)
3.5-170(-5)
2 .2-80(-5)
7.8-400(-3)
4.8-220(-4)
2.3-110(-6)
9.5-1200(-6)
3.4-280(-5)
4.8-510(-6)
1.:1-130(-5)
5.1-430(-5)
1 .5-36(-4)
3.4-36(-4)
1.5-14(-5)
1 .7-28(-5)
4.6-650(-6)
<3.3-57(-6)
<1 .1-130(-5)
<6-240(-6)

Mean
(uCi/mi)

1.o(-6)
2.8(-8)

3.6 -8)

6.7(-7)

2.0(-7)
1 .2(-7)
4.8(-8)
2.5(-8)

3:3 -7)
3(-8)
2.7(-8)2.6(-8)

1 3(-8)l:S(-8)
5.4(-8)
1 .9(-8)
4.1(-8)
5(-8)
1.7(-8)
2.4(-8)
4(-8)
9(-8)
2(-6)

Range
(PCi/ml)

5.2-330(-8)
2.0-5.o(-8)

<3.0-300(-8)
1 .6-12(-8)
3.5-390(-8)

<2.0-3.5(-7)
<2.0-36(-8)
2.7-5.9(-8)1.1-14 (-8)
1 .o-40 (-7).

<6.0-92(-8)
<4.0-* (-8)
<3.0-6.6(-8)
<2.0-12(-8)
<2.0-* (-8)
<2.0-2.4(-8)
<5.0-18(-8)
<2.0-* (-8)
4.0-* (-8)

<6.0-* (-8)
<2.0-4.2(-8)
<3.0-4.4(-8)
<4.0-* (-8)
<7.0-* (-7)<7.0-1 3(-8)

* All data points were measured as less-thans and no upper value for the range can be established.

** Calculated in accordance with the procedure in Appendix A.



TABLE 5.11

INSTANTANEOUS DF's FOR MISCELLANEOUS RADWASTE EVAPORATOR
,WE FEEW'/C4SIIi.LAIE Of

CW=1E
7IPE

•U;CLIEE
1-131

-133
-134
N236(5-131:Cl-137

CR-5i
F E-59;
CC-13
CE-5e8
CC -6
B1-65
2•-95
N0-9 5
RIJ-]C3
iG-11CP,
49-124

A•-140

CIE-143
0E-244p-2319

9/25
j co :

1/25 1C/25
1506

11/14
142(

1/16
1400

DEC0FýTAHINATI1ZN FkCTOA

3.06:.C84 2)N CE I
>f*E9( 3)
>2.1( 4)1.OC±,4C~t 4)
'1.74 4)

1.631. 5( 4)'>.0O 3)
>1.24 3)
'1.6( 4)
>'6.44 I)

>2o41 3)'1.14(4)

>3.j( 2)>3.•J1 21
)6.8( 2)
>'..4( 2J

ICTE I

v EI I

2.834.04( 2)
NCTE I-5.73.11.1( 3)>1.'s43)

1.91.67( 4)
'2.1( 4)

5.1C( 3)
'2.C( 3)

>6.94 3,
'7.2( 1)
31.2 3)
'3.11 4)
'32• ( 3)

'6.5 (2)'2,CC .3)
'5.11 2)
'3.34 2)
'2.7( 3)
'3.84 2)

NCTF 1
'1.8 (2)
METE 1

5j* C4+203( 2)
NC TE 1 2P.55,14.8( 2)
'1>74 2)

1.i4..384 3)
>3.2( 31
>4.5( 2)
'1.51 3)'7.54 2)

2.8t•+.3el 4)
> .f ( 3)
NOTE 1

'9C.64 2)
>2.1( 3)

NCT E ,
>7.0( 2)

2 sC ( 2)'2.04 2)
%4.1( 2

h CTTE A
fNX[E 1

'1.6 (2)
NCT E I

SO7T E 1

1.251 29( 3)

1.32.!1'23)

1.14+.3• 3)'6.34! 3)
2.44±.24( 3)

2.43)
>1.5.4 3)

1 88.1 0( 41
1.:391 :18 C31

>1.3 3)2.001. 7( 3)
>7. 3 3)
31.*6 2)
>1.34 3)
3'1.0 3)
>3. 2 3)
>9.6 2)

'5.24 2)N•OTE 1
'7.0 3)
>1.5 2)

8.13+.36( 2)
NETE 1r.97•.t07( 21

'3.6 38
1.093-.1051 2

A>3*6( 3)
1.331t1 i(4)

>2.2i 3)
>1.2( 3)2.2 ii. 18 t 4 16.:36+1.74 3
>7.6( 1)

1.6811.9( 3)
>2.94 3)
'3.0( 2)
>6.3( 2)

3.41il.96( 2)
>1.64 3)
>5.5( 2)
>5.5( 1)b.1912.8( 2)
>leZ( 2)NOTE 1NOTE I

.NOIE 1

NCIE It 7HEIE DATA POJINT.! HgVF BEEN LEFT ldcf CUk TC+ HALF LIFE LCRRECTIQN'
Li 07HEF PpG8LFM! A.S'r1lTED kJIH AITHE6T'1UC OPEFATLCN! wII H < HLKEEkS



TABLE 5.11 (cont'd)

INSTANTANEOUS DF's FOR MISCELLANEOUS RADWASTE EVAPORATOR

IE

h L L L IE F

1-131

cs-13t

FE-!q

CC-57

Z N- t 1
ZR-95INB-9 ,r

9lG-. 1])

SB-124

CE-141
CE-1141
CE-144
NF-23S

I I L 2/ 3
1232

21 3
1453 e5 3

2/15
1244

EFCC.- A l, i 'i AI L i.' F ICTLIE
F.t34.42( 2)

'3*3( 2)
3.br_.t'( 2)
2 2F4± 0,( 2i
3:4 :L 2)

A6;2.2( 3)

>4.3 31

2 .C21.*231 3)
>108( 2)

1.7i+1.9t B)
>Z.P4 3)
>:.6( 2)

-4 * J( 2)
>J *4( 3
>'.34 3)'±.?( 3)

t, Q' F. I
> *.74 21

to 0 E I
1, rTE I

ia *

4.55_1920( 2)

)2.'t 2.)
A.3F. 1.21 3)
3.fil.2( 3)

7•.23l{9( 3)

ý:?.4.13( 3)

>2.t ( 2}
> . 2' ( 3)

2.3i 4E ( 3)
tI.AL I.

S>.3( 2)
>3.2( 3)
:'] ,,( 3)

t, F,:, 3:F
'2.11 2.)

• (.l( 2)
rH¶ 1

3.L9+.O( Z)

'12.4(4 ~
>'.0. 1 2)

2 50+I.3 1 4

)I .D ( 21

9.274.35( 32c"; I1. ( 3)
;17.24 2)
>3.•t 3)
> 1.1 4)

T E I

32. ( 23)
.N ( 3)

'1I.91 2)?
;•CTE 1

)3.9( 2)

2*.2C.(9( )l
3,5773.71 2)2 31 -€ t 3)

),: ( 2)
3.52. 22( 31
1 .11±+.4 8(
5,11±2,3( 3
1.•554.01 3)
6 21 .4 ( 3)4.23_1..( 3)

NOIT E 1
>8.01 2)
>2.61 3)
"• .7 1 1)
>2.3 I 21
>9.04 2)

>1.14 3)
38 .Co 1)

C .0 2)
1.1811.1( 2)>'1.54 2)

N ',T E 1
N1"T E 1

1.9%8 .24( 2)>a.1( 2)
9,t, ..10(t3)
>1.3( 2)
61 e±06 31 31:.93 3

7 7e81.2( 2)
8,2911.1. 2)

>c'v2 ( 2)
2:4 581 3)

2)

>1*.8 ( 3)
NOTE 1

'2.*4 2)
5.3014.1( 2)

>3.44 2)
>7.2( 2)
>5.8( 1)
>9.0( 1)
'9.3( 1)
>'1.0 2)
>1.2( 2)

NUTE I

WE ls IFE% J10A F0lNi!. HAý ýEN LU-l L!-ý LLE 71 H At. F, L IF EL.CCAkECT IONSNCTE L~ ~IE-E ~k.H~: , C ErIU kri.TH PsAk'I-E17" C FP Wl NA7L iITH < N4UMBER.



TABLE 5.11 (cont'd)

INSTANTANEOUS DF's FOR MISCELLANEOUS RADWASTE EVAPORATOR

PhE fEELiItX'TiLLtiE Cf

IFE

NUCLICE

-13]

-134

CR-51

C-cc
Cc-6C

NO-95

RL-103
PC-1Icr
Se-124

00 1A- 14CES-141

CE- 144tip-2 3

2 14

CEC0Nlt1NATljN FACTVri3

2.941.I. 2)
>201( 2)

2 ,442.O 2)
1"6'±.3331 4)311.2( 3 !

31192( A)
>7,5( 2)

i.42;12( 3)
2.46t.731 4i

>9,31 3)
)t.3( 1)
>E:'2 2)
>2.e( 3)

tC1E 1
>lot(" 2)

)'l.1 ( 3)
),S.7( 1)

>'1.( 21
)190( 2
>2.4( 2)

hCTE 1

NCIE I's IHESE DATA P-Jrklý HmVE EEEO• LEFV OFF CUE 17E HALF L1FE Ck,-ECT.ONS
iR UilhEP A.SLt,?MLEI' $AfEI, •.1H •i.kIThfA¶ZT7C UPEFATIONtS WiTH c ;14UIBEAS



FIGURE 5.18

1311 DF FOR MISCELLANEOUS RADWASTE EVAPORATOR
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FIGURE 5.19
1 37Cs DF FOR MISCELLANEOUS RADWASTE EVAPORATOR
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FIGURE 5.20
5 8 Co DF FOR MISCELLANEOUS RADWASTE EVAPORATOR
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TABLE 5.12

"BEST VALUE" DECONTAMINATION FACTORS FOR

MISCELLANEOUS WASTE EVAPORATOR

Nuclide OF

1311 4.0(2)
133I 4.6(2)

1 34Cs 9.8(2)
1 36Cs 2.0(3)
1 37 CS 1.0(3)

51Cr 8.0 31
54Mn 6.33
59Fe 3.5 3
57Co 2.23
58Co 1.24
6 0Co 4.2 3
6SZn 5.3 2
95Zr 3.4 3
95Nb 7.7 3
99Mo 1.2 3

' 0 3Ru 1.813
ilOmAg 1.613
124 Sb 2.8312sSb 2.0 3)14OBa 3.0{2

40OLa 1.2 31
14 1Ce 3.6R
143Ce 1.8ý2j
144Ce 1.8(3)
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FIGURE 5.21

131I BOTTOMS/DISTILLATE RATIO FOR MISCELLANEOUS RADWASTE EVAPORATOR
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FIGURE 5.22

13 7 Cs BOTTOMS/DISTILLATE RATIO FOR MISCELLANEOUS RADWASTE EVAPORATOR
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FIGURE 5.23
58 Co BOTTOMS/DISTILLATE RATIO FOR MISCELLANEOUS RADWASTE EVAPORATOR
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FIGURE 5.24
1 37 Cs BOTTOMS/DISTILLATE RATIO VS. BOTTOMS CONCENTRATION FOR MISCELLANEOUS RADWASTE EVAPORATOR
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FIGURE 5.25

5 8 Co BOTTOMS/DISTILLATE RATIO VS. BOTTOMS CONCENTRATION FOR MISCELLANEOUS RADWASTE EVAPORATOR
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5.4 Evaluation of Combined Data

More useful data correlations can be made by combining the data
from the two evaporators. In particular, the dynamic ranges can be
increased several decades for an overall evaluation.

Distillate concentration vs. feed or bottoms concentration is
plotted for 58Co and 1311 in Figures 5.26 and 5.27 and for the sum of
concentrationA of five particulate radionuclides, 51Cr, 54Mn, 57Co,60Co, and 110 Ag, in Figure 5.28. These plots include data from both
the miscellaneous radwaste evaporator and the boric acid evaporator.
Those data points which are connected by solid lines represent samples
collected during a given evaporator operation and the numbers adjacent
to the data points indicate the chronological sequence of sampling.

Although distillate concentration may vary considerably over a
small range of feed concentration, the combined data for both evaporators
indicates that distillate concentration increases slowly with increasing
feed or bottoms concentration. If the data in these figures are fit
with straight lines, i.e., with power functions of the form

b
PD =aPF

where

P = distillate concentration

a,b = constants

PF = feed concentration,

the approximate slopes (i.e., constant b) are 0.6 for 1311, 0.3 for SBCo,
and 0.1 for the sum of five particulates. The straight solid lines in
the figures show the fits of the above equation to the data (less-than
values were omitted from fits). We may also examine the dependence of
distillate concentration on bottoms concentration in a similar manner by
fitting the data to an equation of the form

PD = al PBb'

where

PS = bottoms concentration

The approximate slopes for 1311 and 5"Co are the same as those determined
for distillate dependence on evaporator feed. The dashed straight lines
in the Figures 5.26 and 5.27, show the fits of the above equation to the data.
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FIGURE 5.26
5 8 Co DISTILLATE VS. FEED AND BOTTOMS CONCENTRATION FOR AMF EVAPORATORS
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FIGURE 5.27

1311 DISTILLATE VS. FEED AND BOTTOMS CONCENTRATION FOR AMF EVAPORATORS
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FIGURE 5.28

DISTILLATE VS. FEED CONCENTRATION FOR SUM OF PARTICULATE RADIONUCLIDES
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Of ten nuclides for which both power functions were fit to the
data, seven showed a better correlation between distillate concentration
and feed concentration than between distillate concentration and bottoms

concentration. Coefficients a and b of the equation PD = a PFb for the

ten nuclides are listed in Table 5.13. The coefficients determined for
1311 distillate concentration show it to be considerably more sensitive

to changes in 1311 feed concentration than the other nine nuclides are
sensitive to changes in their respective feed concentrations. Distillate
concentrations which are least responsive to changes in feed concentrations
are those of 5 4Mn and 5 9Fe. Over the ranges of feed concentrations of
these nuclides, their distillate concentrations remained nearly constant.

A constant or slowly varying distillate concentration implies that
the respective evaporator decontamination factor, DF, defined as the
ratio of feed concentration to distillate concentration, is primarily
dependent on feed concentration. That dependence has been previously
formalized in the Turkey Point Measurements Report (4) and was given
functional form in the equation

DF= aI p blDFa

1lF

where

DF = decontamination factor

al,b 1 = constants

oF = feed concentration.

Figures 5.29-5.32 are plots of DF vs. feed concentration •or 1311, 1 3 7 CS,
58Co, and for the sum of 5 1Cr, 5 4Mn, 5 7Co, 60Co, and 1 1o Ag. If the
data in these figures (less-than and greater-than data were omitted) are
fit with the above power function, the approximate slopes (i.e., constant
b ) obtained are 0.4 for 1311, 0.5 for 13MCs, 0.7 for 58Co, and 0.9 for
t~e sum of the five particulates. Coefficients, aI and bl, are listed for
ten nuclides in Table 5.13.

The two nuclides with the largest slopes are 59 Fe and 5 4 Mn, both of
which have slopes near 1.0, which implies concentrations of these nuclides
in the distillate are nearly constant over a wide range of feed concen-
trations. That implication is obvious from the definition of DF, i.e.,

if DF = aI pF b1, then

PF a Fb 1Ind 1-b 1
PFD ndI D = Fa1  F

In general the correlation of DF, as defined by the ratio of evaporator
bottoms to distillate concentrations, with evaporator bottoms concentration was
found not to be as good as the correlation of DF with feed concentration which
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TABLE 5.13

COEFFICIENTS OF POWER FUNCTIONS WHICH APPROXIMATE

EVAPORATOR DF AND DISTILLATE CONCENTRATION

DF = al PF
bPD= a P

Nucl i de

1311

1 34Cs
1 3 7Cs

5 lCr
54Mn
59Fe
57Co
58Co
60Co

11OmAg

a

7.75(3)

4.20(5)
1.57(5)

1.77(5)
5.78(6)3.38 7)
5.72M5

3.54(5)
5.95(5)
3.15(6)

b

0.363

0.730
0.527

0.575
0.916
1.05
0.617
0.690
0.737
0.824

a

1.17(-4)

3.02(-6)
6.52(-6)

5.64(-6)
1.72(-7)
2.96(-8)
1.75(-6)
2.51(-6)
1.68(-6)
3.18(-7)

b

0.626

0.304
0.473

0.425
0.084

-0.048
0.383
0.301
0.263
0.175

DF = feed concentration/distillate concentration

= feed concentration

a distillate concentration

173



FIGURE 5.29

1311 DF VS. FEED CONCENTRATION FOR AMF EVAPORATORS
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FIGURE 5.30

137Cs DF VS. FEED CONCENTRATION FOR AMF EVAPORATORS
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FIGURE 5.31
58 Co DF VS. FEED CONCENTRATION FOR AMF EVAPORATORS
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FIGURE 5.32

DF VS. FEED CONCENTRATION FOR SUM OF PARTICULATE RADIONUCLIDES,

AMF EVAPORATORS
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was previously explained when the data were fit with a power function

of the form DF = a PB bwhere PB equals the bottoms concentration. However,

the goodness of fit of this power function to the 1 3 7Cs data did improve
significantly over the fit of the feed concentration power function to
the 1 3 7Cs.data because the feed data consisted largely of less-than
values. The slope thus calculated for 1 3 7Cs has a value of approximately
0.8.

"Best value" DF's of most radionuclides as measured for both the
BAC and MWE are plotted against mean feed concentration in Figure 5.33.
The straight line in the figure shows the fit of a power function to
the data for both evaporators. The slope of that line is approximately
0.6.

The dependence of the evaporator system efficiency on nuclide
ionic form is evident in the variance in values of DF's among 1311, 1 34 Cs
and 1 3 7Cs, and 58Co, "Co, 5 9 Fe, 5 1Cr, and 54 Mn over a small range in
mean feed concentration. Semi-volatile iodine and the soluble cesiums
are less efficiently removed by the evaporator system than are the
corrosion product insolubles. The higher DF's of the corrosion products
is due in part to the higher feed-filter DF's of these nuclides compared
to those of the solubles.

5.5 Evaporator Condensate Demineralizer

5.5.1 Boric Acid Evaporator Condensate Demineralizer

Two condensate (deborating) demineralizers are part of the
boric acid recovery system and serve to remove trace amounts of boric
acid from the BAE distillate. During the measurement period seven
sample sets were collected of influent and effluent of condensate demineralizer
B. BAC condensate demineralizer outlet concentrations are presented in
Appendix Table B.17 and BAC condensate demineralizer DF's are listed by
sample date in Table 5.14. Means and ranges for radionuclide concentrations
in the BAE distillate and condensate demineralizer B effluent are presented
in Table 5.15. Mean concentrations are arithmetic means which were
computed using one-sigma less-than values. Among the nuclides having
the highest concentration in the distillate are "Co, 51Cr, 60Co, and54 Mn (in order of decreasing concentration). "Best value" DF's for the
BAE condensate demineralizer B are listed in Table 5.h6 for twelve
nuclides. Only the DF's of 54Mn, 57Co, "Co, and 11 Ag are greater
than one and that of 5 8Co is highest with a value of 1.6. The DF's for1 34 Cs and 1 37Cs are significantly less than one, 3.5(-2) and 3.1(-2),
respectively, and reflect the fact that the demineralizer was a source
of these nuclides. To a lesser degree the demineralizer was also a
source of 1311, SICr, 6 0 Co, 9 9 Mo, 140Ba, and 2 39 Np.
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FIGURE 5.33

"BEST VALUE" DF VS. MEAN FEED CONCENTRATION FOR AMF EVAPORATORS
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TABLE 5.14

INSTANTANEOUS DF's FOR BORIC ACID EVAPORATOR CONDENSATE DEMINERALIZER B
a.E t. J.r EV" ,' TE .EVIII'Ei.ALIZ EV Uf

Cl. IE
1IpE

;/ Ii,1Z3
1349

IC315lC35

w~i~t'~ ~r
c1-134
CS-137
CO-51

CC-%C

PC-'(;'
IRU-lC 3
SP-112',

LA,.-1' ,PN-14C

FF-!t,
ocE--1]

IWP-56

1-2,a'I(-i J
'k, 1-2 )

L IF I

<2,11-1)

(• ( 1)

k LlTC 1
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TABLE 5.14 (cont'd)

INSTANTANEOUS DF's FOR BORIC ACID EVAPORATOR CONDENSATE DEMINERALIZER B

D,% I E7)FE
NUCLirE

€-131
CS-137
CI-51

F E-59
CC-57
cc-st
cr-6C

RL-1C3
se-iz2•SE-124
S e-1 2

IHF-23c9

NOTE 1:

10116
1104

111 2
1.5 37

>2*3(-1)
2 34.t.26(-2)2:g11.ý6t-2)

'1.1 (-.I'3.24 C)
>11,o3 ( C'

I:CTE I
t lC'F I
tc'1E 1

'2 ,, 1-2)
NXT E 1

>7.4(-2)
NOTE I
i 1 E 1
NrI E I

rLTE I
ItTf II
týTiE 1

<9.F (-2)tgCTE 1
'€ .2 (-1)t,d TE 1

1*53_s.33( C)

t.r1 E 1
CCTE 1
C[1E I

t"t'ifIiE I
V L IEf 1
NEIF I
N; C IF Il
F'C7 E 1

CO E 3
I*cl E 1
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TABLE 5.15

MEANS AND RANGES FOR RADIONUCLIDE CONCENTRATIONS IN BORIC ACID
EVAPORATOR DISTILLATE AND CONDENSATE DEMINERALIZER B EFFLUENT

Distillate Condensate DeminB
Effluent

Nucl i de

1311

134Cs
137Cs

5 lCr
54 Mn
59Fe
5 7Co
5 8Co
60O
6 5Zn
95Zr
9 5Nb
9 9Mo

10 3Ru
i1omAg
124Sb

12 5Sb
14OBa
14 0La
1 4 1Ce
144Ce
2 39Np

Mean
(RCi/ml

1.9(-8)

3.4(-8)
4.1(-8)

1.3(-7)
5.4(-8)
3.0(-8)
2.1(-8)
1.6(-7)
1.1(-7)
3.7(-8)
2.8(-8)
1.6(-8)
2.4(-8)
1.5(-8)
3.3(-8)
2.4(-8)
4.1(-8)
6.4(-8)
3.7(-8)
2.2(-8)
1.1(-7)
1.1(-7)

Range
(UCi/ml)

6.0-86. (-9)

1.4-18.(-8)
2.5-13.(-8)

2.7-55. (-8)
3.5-12.2(-8)
4.5-150. (-9)
2.6-74. (-9)
3.6-65. (-8)
9.0-24. (-8)
1 .8-180.(-9)
3.1-140. (-9)
2.6-66. (-9)
1 .3-200.(-9)
2.3-58.(-9)
5.0-120.(-9)
2.3-110.(-9)
2.7-170.(-9)
1 1-240. -9)
2.4-320.(-9)-9
1 .5-91. (-9)
1.5-610. (-9)
2.1-810.(-9)

Mean
(pCi/ml)

2.6(-8)

9.65(-7)
1.30(-6)

1.4(-7)
4.1 -8)3.5 -8)

1.6(-8)
1.0(-7)
1 .4(-7)
4.2(-8)
3.5(-8)
1 .9(-8)
3.1(-8)
1 .9(-8)
2.9(-8)
3.0(-8)
5.4(-8)7.2(-8)1:2(-7)

3.o(-8)
1.0(-7)
1.4(-7)

Range
(ijCi/ml)

2.6-1 3.(-8)

5.9-16.6(-7)
8.6-20.3(-7)

4.6-60. (-8)
3.7-8.7(-8)
4.7-14. (-8)
2.1-4.8(-8)
2.1-42. -8)5.3-32. -8)

6.2-16 8)4.5-11t -8)
2.6-6.5(-8)
2.6-19. (-8)
2.6-6.7(-8)3.5-7.9(-B.)-

4.8-11 ý-8)7.1-16: -8)

7.4-30. (-8)
3.5-130.(-8)
4.0-11 .(-8)
4.3-40. -8)
6.2-110.(-8)
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TABLE 5.16

"BEST VALUE"* DF's FOR BAE CONDENSATE DEMINERALIZER B

Nucl ide

1311

1 3 7 Cs

SICr
54 Mn
5 7Co
58CO
60Co
99 Mo

l3 omAg14OBa
2 39Np

"Best Value"
DF

7.1(-l)

3.5(-2)
3.1(-2)

9.3(-1)
1.3(0)
1.3(0)
1.6(0)
7.7(-1)
7.8(-I)
1.1(0)
8.8(-1)
8.2(-1)

* "Best value" DF = mean feed
distillate activity

activity/mean
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The demineralizer acting as a source may in part be explained by
the fact that occasionally the evaporator is bypassed and process water
is sent directly to the condensate demineralizer from the coolant waste
holdup tanks. This procedure is used if the boron concentration of the
process water is less than 100 ppm and it was in fact used on 10/20/78 and

.10/23/78. The apparent effect of loading the demineralizer using the
bypass was to decrease the demineralizer boron and radionuclide DF's
during subsequent processing. Boron DF's on the following dates were
8.5(-2) on 9/13/78, 3.1(-l) on 10/5/78, and 4.6(-2) on 11/2/78.
Decontamination factors for 54 Mn, 58Co, and 6 0Co also show significant
decreases on 11/2/78 relative to values measured on 10/17/78 and 10/18/78.

Demineralizer outlet concentrations of 1 34 Cs and 1 3 7Cs are seen in
Figures 5.34 and 5.35 to decrease gradually with time with the exception
of the slight increase in concentration of 137Cs measured on 11/2/78.
Outlet concentrations of 54 Mn, 58Co, and 6 0Co remained approximately
constant until the 11/2/78 sample at which time they showed substantial
increases.

5.5.2 Miscellaneous Radwaste Evaporator Condensate Demineralizers

Two demineralizers in series are used to remove any radioactive
material that may be carried over in the condensate water from the miscel-
laneous radwaste evaporator. This allows the condensate to be reused in
any of a number of applications. During the in-plant measurement period
six samples from four different runs were obtained from the effluent of
each of the two demineralizers. The measurement data are presented in
Appendix Tables B.22-B.23. The measured DF's are listed in Tables 5.17
and 5.18. Table 5.19 presents the "best value" DF's. Plots of the
demineralizer DF's for 131I, 1 37Cs, and 58Co are provided in Figures
5.36-5.38 for condensate demineralizer A and in Figures 5.39-5.41 for
condensate demineralizer B. The bulk of the DF's for these two demineralizers
are very close to 1.0 with one notable exception. The 13I1 DF's for
demineralizers A and B are high (38 to 50). The significance of these
numbers is in the conclusion that must be reached to rationalize these
numbers. The chemical form of the iodine that came from the evaporator
must be ionic and i-n order to be brought over in the condensate it must
have some volatility.

5.6 Demineralized Reactor Coolant Demineralizer and Filter

The demineralized reactor coolant storage tank (DRCST) is the
repository to which BAE distillate is sent if it is not routed directly
to the reactor coolant makeup tank. The normal path from the DRCST
to the makeup tank takes the coolant through a demineralizer and a filter.
Two sample sets were collected of influent and effluent of the DRCST
demineralizer and DRCST filter. Decontamination factors for these
components were measured on 10/16/78 and 1/31/79. Radionuclide concen-
trations of DRCST demineralizer influent, demineralizer effluent, and
filter effluent are presented for eight nuclides for both sample dates
in Appendix Table B.18. Decontamination factors for the demineralizer
and filter for both sample dates are listed in Tables 5.20 and 5.21.
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FIGURE 5.34

134Cs CONCENTRATION IN BAE CONDENSATE DEMINERALIZER B OUTLET
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FIGURE 5.35

CONCENTRATION IN BAE CONDENSATE DEMINERALIZER B OUTLET
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TABLE 5.17

INSTANTANEOUS DF's FOR MISCELLANEOUS RADWASTE EVAPORATOR CONDENSATE'DEMINERALIZER A
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TABLE 5.17 (cont'd)

INSTANTANEOUS DF's FOR MISCELLANEOUS RADWASTE EVAPORATOR CONDENSATE DEMINERALIZER A
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TABLE 5.18

INSTANTANEOUS DF's FOR MISCELLANEOUS RADWASTE EVAPORATOR CONDENSATE DEMINERALIZER B
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TABLE 5.19

MISCELLANEOUS RADWASTE EVAPORATOR CONDENSATE DEMINIERALIZER

"BEST VALUE" DECONTAMINATION FACTORS

Nucli de

1311

134Cs

137 CS

5 4 Mn

5 8 Co

6 0 Co

Condensate
Demin. A

3.8(1)

3.5(-1)

3.6(-1)

2.4(0)

2.2(0)

2.8(0)

Condensate
Demin. B

5.0(1)

3.6(-1)

3.2(-1)

3.5(0)

5.7(0)

8.0(0)
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FIGURE 5.36

1311 DF FOR MWE CONDENSATE DEMINERALIZER A
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FIGURE 5.37

137CS DF FOR MWE CONDENSATE DEMINERALIZER A
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FIGURE 5.38
5 8 Co DF FOR tMWE CONDENSATE DEMINERALIZER A
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FIGURE 5.39

1311 DF FOR MWE CONDENSATE DEMINERALIZER B

1-131 MWE CONDENSATE DEMIN-B - DF
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FIGURE 5.40

137Cs DF FOR MWE CONDENSATE DEMINERALIZER B

CS-137 MWE CONDENSATE DEMIN-B - DF
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FIGURE 5.41
58 Co DF FOR MWE CONDENSATE DEMINERALIZER B
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Cesium-134 and 1 3 7Cs display the highest concentrations of all
radionuclides measured in the demineralized reactor coolant in the
storage tank due to the washing of these nuclides from the BAE and MWE
condensate demineralizers. The decreases in the demineralizer Cs DF's
from 10/16/78 to 1/31/79 are primarily due to the four-fold increases in
concentrations of these nuclides in the demineralizer effluent on 1/31/79.
These increases vis a vis the decreases in influent concentrations of1 34 Cs and 13 7Cs on 1/31/79 are very likely due to the contributions of
reverse ion-exchange processes within the demineralizers.

5.7 Miscellaneous Waste Tank Filter-Demineralizer

Only one set of samples was taken from the miscellaneous waste tank
filter demineralizer for DF measurements. Due to the lack of a sample
point between the filter and the demineralizer, only the combined DF for
both components was measured. The data for the run are in Appendix
Tables B.24 and B.25 and the calculated DF's are in Table 5.22. The
resin has had little use and has a good DF for all of the soluble species
1311, 1 34 ' 1 3 7 Csand 2 4 Na and reasonable ones for the crud-associated
radionuclides.
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TABLE 5.22

DF's FOR MISCELLANEOUS WASTE TANK FILTER-DEMINERALIZER
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6. SPENT FUEL POOL

6.1 System Description and Sample Points

The spent fuel pool (SFP) demineralizer loop contains a demin-
eralizer pump, a disposable cartridge filter and a nonregenerative mixed-
bed ion exchanger. A skimmer system can also be valved into the loop.
The demineralizer loop takes suction on the SFP cooling system loop
downstream of the cooler and discharges back into the SFP. The borated
water storage tank (BWST) can also be valved into the demineralizer loop.
Figure 6.1 shows a simplified diagram of the system. The design flow
rates for the cooling system and demineralizer loops are 1000 gpm and
160 gpm, respectively. The SFP and the BWST nominally contain 605,880
and 425,000 gallons of water, respectively. The SFP and the BWST are
maintained at a boron concentration of approximately 1800 ppm. The SFP
is kept at less than 120°F by its cooling system.

The demineralizer loop is used to remove fission products from
leaking fuel assemblies stored in the SFP and from water in the BWST
after being mixed with reactor coolant in the fuel transfer canal (FTC)
during refueling. Cooling and demineralizer loop component leakage is
routed to the miscellaneous radwaste system.

The nominal particle size retained by the demineralizer filter is
three microns. The filter was changed out on 8/10/78, before sampling
began, and on 11/30/78, 12/4/78, 12/9/78 and 12/13/78 during refueling.
The demineralizer loop ion exchanger contains 50 ft 3 of resin (a 1:1
mixture of C-20 and AIOID) and has a cross sectional area of 12.57 ft 2 .
The ion exchanger was put into service on 1/10/78, before sampling
began, and was not changed out during sampling. The ion exchanger
processed approximately 366 bed volumes per day with an assumed flow
of 95 gpm.

The normal sample points for the system consisted of a filter
inlet sample, a filter outlet sample (which also served as the ion
exchanger inlet) and the ion exchanger outlet sample. These three
sample points are shown in Figure 6.1 and are designated by AP. During
refueling two other samples were taken; dip samples of the fuel pool and
the transfer canal water.

6.2 Sampling Procedures

All of the sample lines for the three sample points are short, on
the order of a few feet, so that purge times of two minutes or more
provided consistent samples. All samples were taken into plastic containers
and transferred into 450 ml bottles in accordance with source term
procedures (6).

Filter inlet, filter outlet, and ion exchanger outlet samples were
drawn from permanent sample lines at their respective components. Four
sets of samples were taken before refueling on 9/21/78, 10/11/78, 11/8/78
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FIGURE 6.1

DIAGRAM OF SPENT FUEL POOL COOLING AND PURIFICATION SYSTEM
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and 11/16/78 with a SFP dip sample used as a filter inlet sample on 11/8/78.
Filter outlet and ion exchanger outlet samples were also taken on 9/12/78.
Two sets of samples were taken during refueling on 11/29/78 and 12/6/78.
The ion exchanger outlet sample taken on 12/6/78 was not valid and another
sample was taken on 12/7/78 and used in its place. Three sets of samples
were taken after refueling on 12/13/78, 1/23/79 and 2/27/79. The filter
was bypassed during sampling on 12/13/78.

The fuel transfer canal (FTC) was filled with water from the reactor
coolant system (RCS) and the borated water storage tank (BWST) for the
plant's second refueling on 11/22/78. The water was pumped back to the
BWST on 12/12/78 after refueling. A dip sample of the FTC was taken on
11/22/78 prior to fuel transfer, and two samples were taken during
refueling on 11/29/78 and 12/6/78.

Two SFP dip samples were taken before refueling on 10/11/78 and
11/8/78, two samples were taken during refueling on 11/29/78 and 12/6/78,
and one sample was taken immediately after refueling on 12/12/78. The
SFP dip samples compare very closely to filter inlet samples taken on the
same days.

6.3 Discussion of Results

The results of the measurements on individual samples for the SFP
filter inlet, filter outlet and ion exchanger outlet are presented in
Appendix Tables B.26 to B.28. The results of the SFP dip samples and
the FTC dip samples are presented in Appendix Tables B.29 and B.30.
Figures 6.2 to 6.10 show the SFP filter inlet, filter outlet and ion
exchanger outlet sample measurement results for 1311, 1 37 Cs and 6OCo,
respectively.

1-131 is plotted to show the behavior of halogens in the SFP
demineralizer, the SFP and the FTC before, during and after refueling.
Cs-137 is plotted to show the behavior of alkali metals and 60Co to show
the behavior of crud-associated radionuclides.

6.3.1 Fuel Transfer Canal

The 1311 concentration in the FTC decreased rapidly with time
after reactor shutdown and was about a factor of two higher than the SFP
due to the mixing of primary coolant in the FTC. The 1 7 Cs concentration
in the FTC remained nearly constant. It was about a factor of four
higher than the concentration in the SFP before refueling and decreased
to less than a factor of two by the end of refueling. During refueling,
the 6 0Co concentration in the FTC was about a factor of two higher than
the concentration in the SFP.

6.3.2 Spent Fuel Pit Dip Samples

The concentrations found in the SFP dip samples compare
closely to the filter inlet concentrations on days where both types of
samples were taken.
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FIGURE 6.2

131I CONCENTRATION IN SFP FILTER INLET
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FIGURE 6.3

131I CONCENTRATION IN SFP FILTER OUTLET
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FIGURE 6.4

1311 CONCENTRATION IN SFP DEMINERALIZER OUTLET
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FIGURE 6.5
1 3 7Cs CONCENTRATION IN SFP FILTER INLET
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FIGURE 6.6
1 3 7 Cs CONCENTRATION IN SFP FILTER OUTLET
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FIGURE 6.7

137Cs CONCENTRATION IN SFP DEMINERALIZER OUTLET
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FIGURE 6.8
60Co CONCENTRATION IN SF1' FILTER INLET
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FIGURE 6.9
6 0 Co CONCENTRATION IN SFP FILTER OUTLET
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FIGURE 6.10
6 0 Co CONCENTRATION IN SFP DEMINERALIZER OUTLET
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6.3.3 Spent Fuel Pool Filter

The spent fuel pool filter DF's are presented in Table 6.1.
The filter outlet concentration for 1311 and 13 7Cs follows the inlet
concentration and the filter DF's are approximately one regardless of
inlet concentration. The two sets of samples taken during refueling
(11/29/78 and 12/6/78) show that the outlet 60Co concentration follows
the inlet concentration and the DF is approximately one for high inlet
concentrations. The 11/29/78 sample was taken one day after the filter
was changed out and the 12/6/78 sample was taken two days after the
filter was changed out. The filter was valved out and bypassed during
sampling on 12/13/78. The filter DF's for 60Co converge to one for
higher inlet concentrations. Table 6.2 presents the "best value"
filter DF's.

6.3.4 Spent Fuel Pool Demineralizer

The measured DF's for the SFP demineralizer are presented in
Table 6.3. The ion exchanger DF's for 1311 before and long after refueling
are approximately one. During and immediately after refueling the DF's
increase very rapidly with inlet concentration. The ion exchanger DF's
for 137Cs before and long after refueling are also approximately one.
During refueling the filter outlet concentration for MCs spikes while
the ion exchanger outlet remains nearly constant and then increases
slowly after refueling. The 1 3 7Cs DF increases to over 300 during
refueling and has an exponential increase with filter outlet concentration
above a DF of one. The detailed explanation of this phenomena is discussed
in section 2.6. The ion exchanger DF for 6 0 Co increases to about ten
during refueling and shows an increase with inlet concentration. Table
6.4 provides the "best value" demineralizer DF's.

6.4 Tritium Activity Balance

Sets of samples were taken before, during, and after refueling of
major volumes of water in order to obtain a tritium activity balance for
the plant as shown in Table 6.5. Samples were also taken of the reactor
coolant system letdown, radwaste and demineralized reactor coolant storage
tank (DRCST) water to measure the tritium concentration around the
reactor coolant processing loop before and after refueling as shown in
Table 6.6.

The borated water storage tank (BWST), the spent fuel pool (SFP),
the reactor coolant and the demineralized reactor coolant storage tank
(DRCST) were analyzed for tritium to measure the plant inventory before
refueling. The volume associated with the DRCST is the fraction of
the cold reactor coolant volume pumped into the reactor system during
reactor cooldown to refueling temperature.

During refueling, the SFP and fuel transfer canal (FTC) samples were
analyzed for tritium and to measure changes in concentrations due to
mixing with reactor coolant. A residual heat removal system (RHR) sample
was analyzed for tritium because of dilution of the water in the reactor
vessel with water from the BWST. The volume associated with stagnant
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TABLE 6.1

INSTANTANEOUS DF's FOR SPENT FUEL POOL FILTER
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TABLE 6.1 (cont'd)

INSTANTANEOUS DF's FOR SPENT FUEL POOL FILTER
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TABLE 6.2

"BEST VALUE" DF's FOR SPENT FUEL POOL FILTER

Nuclide "Best Value" Filter DF

1311 1.0

134Cs- 1.2
136 Cs 1.1
137CS 0.9

SlCr 1.2
54Mn 2.059 Fe 1.0
57Co 1.2
5 eco 1.6
60Co 2.4
9"Zr 1.2
95Nb 1.2
99Mo 1.0103Ru 1.4

11omAg 0.9
124'Sb 0.9
12 5 Sb 1.1
14OLa 1.0
141Ce 1.0
2 39 Np 1.5
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TABLE 6.3
INSTANTANEOUS DF's FOR SPENT FUEL POOL DEMINERALIZER
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TABLE 6.3 (cont'd)

INSTANTANEOUS DF's FOR SPENT FUEL POOL DEMINERALIZER
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TABLE 6.4

"BEST VALUE" DF's FOR SPENT FUEL POOL DEMINERALIZER

Nuclide "Best Value" Ion Exchanger DF

1311 2.2(1)

134Cs 6.6 1
1 36Cs >3.3 1137CS 6.1(1)

51Cr 4.6 (0
54Mn 7.1 0
59 Fe 9.9(0)
57Co 4C6(0)
58Co 4.8 0)
60Co 3.6 0)
9 5Zr 8.9 0
95Nb 7.0 0
9 9 Mo >3.3 1103Ru >3.8 0

11OmAg 6.2 0
1 2 4 Sb >4.1 1
12 5Sb >4.7 0
140La 8.5 0
Al•Ce 9.2 02 3 9Np >2.2 1
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TABLE 6.5

PLANT TRITIUM ACTIVITY BALANCE

Sampling
Period

Before
Refueling

I tern
Sampl ed

SFP

BWST

Reactor Coolant

DRCST

TOTAL 3H INVENTOR'

SFP

FTC

Vol ume
(gal)

605,880

425,000

***66,198 (cold)

22,066

( BEFORE REFUELING

605,880

415,000

Average
Concentration

(UCi/ml)

1.03 ± 0.04(-l)

8.45 ± 0.28(-2)

2.2 ± 0.04(-1)

2.2 ± 0.l(-1)

During
Refuel i ng

**Stagnant 54,910
Reactor Coolant

RHR (Reactor 30,354
Vessel)

BWST 10,000

RCDT 3,000

TOTAL 3H INVENTORY DURING REFUELING

SFP 605,880

BWST 425,000

Reactor Coolant ***66,198 (cold)

*Displaced Water 22,066

TOTAL 3H INVENTORY AFTER REFUELING

1.03 ± 0.04(-l)

9.7 ± 0.4(-2)

2.2 ± O.l(-l)

1.43 ± 0.07(-1)

8.45 ± 0.28(-2)

2.2 ± 0.1(-1)

Tri ti um
Inventory

(Ci)

236.2 + 9.2

135.9 ± 4.5

55.1 1 1.0

18.4 + 0.8

450 1 10 Ci

236.2 ± 9.2

152.4 + 6.3

45.7 + 0.8

16.4 + 0.8

3.2 ± 0.1

2.5 ± 0.1

460 ± 11 Ci

245.4 ± 11.5

162.5 ± 8.0

33.3 ± 1.8

11.1 ± 0.6

450 ± 14 Ci

After
Refuel i ng

1.07

1.01

1.33

1.33

±

+

+

+

0.05(-l)

0.05(-l)

0.07(-l)

0.07(-l)

* The displaced water is that fraction of the cold reactor coolant volume
displaced into the reactor coolant processing systems during reactor
heatup to operating temperatures.

** The stagnant reactor coolant is that fraction of the cold reactor coolant
volume that does not get mixed with water from the BWST during refueling
and does not get circulated through the RHR system.

*** This is the volume of the reactor coolant when cooled from operating to
room temperature.
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TABLE 6.6
3H IN REACTOR COOLANT PROCESSING SYSTEMS

Item Sampled

Reactor Coolant Waste Holdup Tank

BAC Distillate

DRCST

DRCST Demin A Outlet

DRCST Filter Outlet

Makeup Tank Outlet

Flash Tank

Flash Tank

Primary Demin A Outlet

Primary Demin B Outlet

Date Sampled

10/11/78

10/17/78

10/13/78

10/16/78

10/16/78

10/16/78

1/16/79

1/18/79

1/18/79

1/18/79

Tritium
Concentration

(PCi/ml)

2.3 ± 0.1(-l)

2.3 ± 0.l(-l)

2.1 ± 0.1(-l)

2.2 0 o.1(-l)

2.1 0 O.l(-l)

2.2 0 O.l(-l)

2.0 ± 0.1(-l)

2.1 ± O.l(-l)

2.1 ± 0.1(-l)

2.2 O.1(-l)
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reactor coolant, not mixed with BWST water or circulated through the
RHR, is the fraction of the cold reactor coolant volume not contained in
the reactor vessel. Its tritium concentration is that of the hot reactor
coolant before refueling. A small fraction of reactor coolant was
transferred to the reactor coolant drain tank (RCDT) during refueling
at the same tritium concentration as the stagnant reactor coolant. Some
water was left in the BWST during refueling at the same tritium concen-
tration as before refueling.

After refueling, reactor coolant, SFPand BWST samples were analyzed
for tritium to measure the total change in concentration due to mixing
during refueling operations. The water displaced from the reactor coolant
due to reactor heatup has the same tritium concentration as the reactor
coolant. The total volume included in the plant tritium activity balance
is the sum of the BWST, SFP,and cold reactor coolant water volumes.

Samples taken around the reactor coolant processing loop before
refueling and analyzed for tritium show no variance from reactor coolant
tritium concentration. Samples taken from this loop more than a month
after refueling show that the tritium concentration in the reactor coolant
and the processing loop is back up to its original concentration. This
is primarily due to mixing with water in the reactor coolant processing
systems and water in the reactor coolant system that remains stagnant
during refueling and the transfer of about 36 Ci to the spent fuel
pool and BWST during refueling due to mixing.
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7. WASTE GAS PROCESSING AND CONTAINMENT BUILDING VENTILATION SYSTEMS

7.1 Waste Gas Processing System

7.1.1 System Description

The waste gas processing system (WGPS) can collect gas via
the waste gas collection header from five different sources: the 02-N2
gas analyzer, the boric acid concentrator (BAC), the miscellaneous
waste evaporator (MWE), the primary flash tank, and the primary makeup
tank. The waste gas collection header is connected to the waste gas
surge tank, which in turn feeds the waste gas compressors and the waste
gas decay tanks (Figure 7.1). The BAC and MWE are normally valved off
from the waste gas header, with the gas going to the radwaste exhaust
duct. If it is determined that the gas coming from the BAC or MWE is
contributing significantly to the daily plant release, the BAC and MWE
off-gases can be valved back to the waste gas header.

The 490 ft waste gas surge tank collects the gas until the high
pressure setpoint on the waste gas compressor in service is activated.
For waste gas compressor A the high setpoint is 1.3 + 0.1 psig and the
low setpoint is 0.3 + 0.1 psig; for waste gas compressor B the high
setpoint is 1.7 + O.T psig and the low setpoint is 0.7 + 0.1 psig.
After the high pressure setpoint is reached, the waste gas compressor
starts and the gas is pumped to one of the four 450 ft 3 waste gas decay
tanks (WGDT's). The gas compressor continues to operate until the
pressure in the WGDT is approximately 100 psig or the low setpoint is
reached. When the pressure in a WGDT reaches 100 psig, the tank is then
isolated and allowed to decay for at least 45 days.

Plant personnel sample the WGDT's prior to release to obtain the
concentration of particulates, iodines, noble gases, and tritium. From
the analyses a release is calculated. Typically the release flow rate
is 3-5 cfm with a recommended maximum rate of 9.5 cfm.

The gas in the WGDT's is released through the waste gas filter
(WGF), which is a filter bank composed of: one 24" x 24" x 6" prefilter
(Cambridge Aeromold), one 24" x 24" x 11-1/2" HEPA (Cambridge 3MA5),
and one 24" x 24" x 26" charcoal bed (Barnebey Cheney BC-727). The gas
then goes to the auxiliary building exhaust filters and fans.

7.1.2 Measurement Methods and Data

The types of samples taken from the WGDT's were: particulate-
iodine species, 14C and 3H, and noble gases. For a detailed discussion
of the analytical methods used and a description of the samples employed
refer to references (6,12). Prior to taking the samples, the plant sample
lines were purged for at least fifteen minutes. Plant personnel
indicated that a fifteen-minute purge was sufficient to completely
purge the sample lines.
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DIAGRAM OF WASTE GAS PROCESSING SYSTEM
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The noble gas samples were collected by filling a 250 cc glass
cylinder with sample gas, and then analyzed using the Ge(Li) gamma
spectroscopy system in the NRC mobile laboratory. Particulate-iodine
species samples were taken by passing approximately 200 liters of sample
gas through a particulate-iodine species sampler.(6) The sampler
components were then analyzed for gamma-emitting nuclides either in
the mobile laboratory or at the INEL. Tritium and 14C samples were
collected by using two or three metal gas cylinders hooked in series
and having a total volume of 150-225 cm3 . The sample cylinders were
flushed with the sample gas for 10 volume changes, filled to the WGDT
pressure (80-100 psig) and valved off. These samples were returned to
the INEL for analysis.

7.1.3 Results and Discussion

During the measurement period at Rancho Seco, a total of
five WGDT samples were taken. All five samples were analyzed for
particulates, iodine species, noble gases, and 14C and 3H. The samples
were taken between 10/15/78-2/15/79. The samples are of gases which
originated before, during, and after refueling.

The WGDT samples taken and the release dates of each tank sampled
are shown in Table 7.1. Samples #1-#3, #4, and #5 are of gases that
originated before, during, and after refueling, respectively. Table 7.2
presents the concentrations (decay corrected to the time of WGDT release)
measured in the WGDT's. From these data, extrapolated annual releases
were calculated for particulates, iodine species, noble gases, and 14C
and 3H. The following calculation was applied for each radionuclide:

RWG = [E(CT X VT)]/N x Ty x 1.0 x 10-6 Ci/jcCi

where

RWG = Extrapolated annual release (Ci/year)

CT= Isotopic concentration in tank (uCi/cm )

VT = Gas volume released (cm )

N = Number of measurements

T = Tanks released (year- )

In the calculation eleven WGDT releases per year were used, the number
released at Rancho Seco in 1978. The gas volumes released were taken
from plant data.

Only 14 C contributed any significant amount of activity to the
plant's annual release, 3.2 percent. The contribution from all other
isotopes is negligible (compare Tables 7.2 and 2.4).
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TABLE 7.1

WASTE GAS DECAY TANK SAMPLES

Tank

V655A

V655D

V655D

V655A

Isolation Date

9-18-78

Sample Date/#

10-15-78/1
11-20-78/2

Release Date

12-6-78

Pressure

110

6-2-78

12-28-78

1-19-79

11-3-78/3

2-12-79/4

2-15-79/5

11-14-7E

2-13-79

90

117

128*k

* Tank not released.

227



TABLE 7.2

WASTE GAS DECAY TANK ANALYSIS AND EXTRAPOLATED ANNUAL RELEASE

Concentration, CT

Isotope Sample # .. Ci/cc

8 5Kr

13 lmXe

00

135Xe

3H

14~C

134CS

1*
2
3
4
5

1*
4

1*
2
3
4

3
4

1*
2
3
4
5

1*

2
3
4
5

1*
3
4

2.1 (-3)
6.2(-4)
4.6j-4)
2.0 -3)
1.3 -21

8.6(-6)
1.14(-4)

1.2(-6)
5.5(.-7)ý
3.5i-5
7.8(-4)

2.9(-6)
2.8(-6)

1 .7(-6)
9.6(-7)
1.6(-6)
4.6(-6)
5.5(-6)

6.5(-4)
7.0(-4)
5.5(-4)
3.9(-4)
9.3(-4)

1.l(-12)6.0 -12)
1.1(-ll)

Volume Released
VT, cc

1.18(8)
1.18(8)
9.88(7)
1.24(8)
1.35(8)

1.18(8)
1.24(8)

1.188)1.18(8)
9.88(7)
1.24(8)

9.88(7)
1.24(8)

1.18ý8
1.18(8)
9.88 (7)
1.24(8)
1.35(8)

1.18(8)
1.18(8)
9.88(7)
1.24(8)
1.35(8)

1.18(8)
9.88(7)
1 .24 (8)

Total Activity
UCi

2.5(5)
7.3(4)
4.5(4)
2.5(5)
1.8(6)

1.0(3)
1.4(4)

1.4(2)
6.5(1)
3.5(3)
9.7(4)

2.9(2)
3.4(2)

2.0(2)
1.6(4)

7.6(4)

8.2(4)
5.4(4)
4.8(4)
1.2(5)

1. 3(-4)
5.9 (-4)
1.4(-3)

Avg. Activity
.kCi

5.4(5)

1.4(4)

3.4(4)

3.1(2)

4.0(2)

7.8(4)

9.8(-4)

Annual Release,** RWG
Ci/year

5.9(0)

1 .6(-1)

3.7(-1)

3.5(-3)

4.3(-3)

8.5(-1)

1. I(-8)



TABLE 7.2 (cont'd)

WASTE GAS DECAY TANK ANALYSIS AND EXTRAPOLATED ANNUAL RELEASE

Isotope Sample #

1 37Cs

S8Co

60Co

1311

1*
3
4

1*
4

1*
2
3
4
5

1*
2
4

1*
4

Concentration, CT

UCi/cc

3.8(-12

1.9(-11)

5.6(-133.7(-11)

1.5(-11)
4.(-12)
4.2(-I-)

5.2(-12)
6.4(-14)
5.0(-10)

4.9(-13).
6.1(-12)

Volume Released
VT, CC

1.18J81
9.88(7)
1.24(8)

1.18(8)
1.24(8

1.18 8
1.18(8)
9.88(7)
1.24(8)
1.35(8)
1.18(8)
1 .181 8 8
1.24(8)

1.18(8)
1.24(8)

Total Activity

14.5(-2)
1.4(-34

6.2(-2)

14.-3)

1.8(-3)
5.1(-4)
4.2 -3)
1.6(-2)
7.0(-4)

7.6(:6}

6.2(-2)

7.16(-4)

Avg. Activityp~i
1 .9(-3)

4.6(-3)

5.4(-3)

3.8(-1)

7.6(-4)

Annual Rel ease,**RWG

Ci/year

2.6(-8)

5.1(-8)

5.9(-8)

4.2(-6)

8.4(-9)

~0

54Mn

Note: For sample #5 only valuesfor the
because the plant release date is
life isotopes to time of release.

long half-life isotopes were used in the Ci/year calculation
unknown, thus not allowing for decay correcting of the short-

Cl/year is based on an estimated 11 WGDT's released per year.

* Results from this sample not included in average or annual release due to ambiguity concerning

which tank actually was sampled.

**No reduction by HEPA and charcoal filters is included.



Iodine species detected in the WGDT's were: 12, HOI, organic, and
particulate. The organic portion was found to be the major iodine
species. The following table shows the average percentage and range
for the different iodine species.

Species

12
HOI

Organic

Particul ate

Average

22.2%

15.4%

71.4%

0.8%

Range

35-11.2%

24.2-7.3%

92.5-55.5%

2.3-0.1%

The iodine species distributions
Table 7.3. Appendix Tables B.31
concentrations in each-sample.
be 90.9% oxidizable (originally
The chemical species of •H was 9
100%. Individual analyses are si

for individual samples are shown in
and B.32 show the WGDT radionuclide

The chemical species of 14C was found to
nonoxidized) with a range of 95.4-78.5%.
2.6% oxidizable with a range of 83.3-
hown in Table 7.4.

Tables 7.5 and 7.6 show the Rancho Seco plant release data for
the years 1977 and 1978 with release numbers and isotopic release values.
These tables were compiled using data obtained from the plant release
permits.

7.2 Containment Building Ventilation System

7.2.1 System Description

The Rancho Seco containment building (reactor
ventilation system is shown schematically in Figure 7.2.
system consists of the following subsystems:

buildi ng)
The total

l.
2.
3.
4.
5.
6.

Reactor Building Normal Cooling System
Reactor Building Emergency Cooling System
Reactor Cavity Supply and Exhaust Systems
Lower Reactor Building Circulating Air System
Upper Reactor Building Circulating Air System
Reactor Building Supply and Exhaust Systems

The lower reactor building circulating air system (A-533-A, B, C, D
in Figure 7.2) has four air movers; each has a rated flow of 106,000 cfm.
The upper reactor building circulating air system (A-532-A, B, C, D) also
has four air movers; each has a rated flow of 25,000 cfm. There are no
filters associated with systems A-533 or A-532. The two systems are
operational continuously. The reactor cavity supply (A-525-A, B) and

230



TABLE 7.3

PROCESSING SYSTEM 1311 SPECIES DISTRIBUTIONWASTE GAS

1311 Species Fractional Distribut

Tank

V655A

V655D

V655A

V655D

V655A

isolation Date

9-18-78

6-2-78

9-18-78

12-28-78

1-19-79

Sample Date

10-15-78

11-3-78

11-20-78

2-12-79

2-15-79

Pf% 12 %

* 35.0

HOI %

24.2

14.8

7.3

Org. %

65.0

55.5

72.7

92.5

ion Total
(UCilcm3)

2.6 ± 0.4(-12)

<6.2(-12)

2.56 0 0.07(-8)

4.8 0 0.3(-10)

4.0 _ 0.2(-10)

0.1

2.3

0.2

20.3

11.2

*Iodine activity not detected on this sampler component.

TABLE 7.4

WASTE GAS PROCESSING SYSTEM 14C AND 3H SPECIES DISTRIBUTIONS

Total 14C % Total 3H %

Tank Sample Date (pCi/cc) Oxidizable (iiCi/cm3 ) Oxidizable,

V655A 10-15-78 6.5 ± 0.3(-4) 95.2 1.7 ± 0.2(-6) 88.2

V655D 11-3-78 5.5 ± 0.3(-4) 93.7 1.6 ± 0.6(-6) 93.7

V655A 11-20-78 7.0 ± 0.3(-4) 95.4 9.6 ± 0.5(-7) 83.3

V655D 2-12-79 3.9 ± 0.2(-4) 78.5 4.6 ± 0.7(-6) 97.8

V655A 2-15-79 9.3 ± 0.5(-4) 91.6 5.5 ± 1.1(-6) 100
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TABLE 7.5

1977 WGDT RELEASES t

(UcN)

.Rel #

77-1

77-2

77-3

77-4

77-5

77-6

77-7

77-8

77-9

77-10

77-11

77-12

77-13

Total Ci/Yr

Volume cc

1.01(8)

9.15(7)

9.26(7)

1.04(8)

1.11(8)

1.11(8)

8.68(7)

1.08(8)

1 .08(8)

1.14(8)

1 .09(8)

1.31(8)

1.25(8)

85Kr

1.4(5)

2.58(4)

4.84(4)

1.51(5)

2.06(5)

1.14(5)

3.93(4)

1 .47(5)

1.39(5)

9.11(4)

4.66(4)

2.36(4)

3.64(4)

131mxe

5.39(2)

2.91(3)

1 .29(3)
1 .25(4)

2.54(4)

2.23(4)

2.48(4)

3.18(4)

1 .08(3)

7.76(2)

1 3 3Xe

1.1(3)

2.03(3)

2.03(3)

2.77(3)
6.06(4)

3.23(5)
1.20(5)
3.61(4)
1.13(5)
3.37(3)
2.12(2)
2.30(2)
3.11 (3)

135Xe

4.36(2)

5.15(4)

3H

9.88(0)
1.22(1)

9.11(-2)

1.49(-l)

3.61 (2)

1.44(1)

7.54(0)

6.88(0)

1.51(1)

1.93(2)

6.14(0) 7.65(0)

1.08(0) 1.23(-l) 6.65(-l) 5.20(-2) 6.28(-4)

t Values obtained from plant release permits.
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TABLE 7.6

1978 WGDT RELEASES
(1,Ci)

Rel #

78-1

78-2

78-3

78-4

78-5

78-6

78-7

78-8

78-9

78-10

78-11

cc

*

*

*

*

*

*

*

*

*

*

*

4.0(5)

3.5(5)
3.1(5)

7.8(5)

9.0(5)

7.4(4)
1.9(5)

1.9(5)

1.8(5)

1.8(4)
1.3(5)

3.52(0)

13 1mXe

2.2(4)

3.7(4)

1.1(5)

3.8(4)

1.0(4)

3.9(4)

6.1(4)

1.6(4)

3.33(-l)

1 3 3 Xe

1.6(4)
2.4(5)
1.2(5)

2.5(5)
1.6(4)
8.5(4)

2.8(5)
8.3(5)
5.1(4)

4.9(2)

1.89(0)

1 35 Xe

1.3(4)

1.6(1)

3.7(2)
6.4(2)

1.4(-2)

3H

1.85(1)

3.4(1)

2.74(1)

4.47(1)

3.34(1)

1.66(1)

6.73(1)

2.28(l)

1 .45(2)

4.16(0)

1.18(2)

5.32(-4)Total Ci/Yr

t Values obtained from plant release permits.
* Volumes not available.
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FIGURE 7.2

DIAGRAM OF CONTAINMENT BUILDING VENTILATION SYSTEM

Summer- 66,700 cfm
Winter- 16,675 cfm

Supply

qh
a

rExhaust

Note: 1. All emergency cooling units flow at 40,000 cfm
INEL-A-19 037
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exhaust (A-531-A, B, C, D) air systems have, respectively, two and four
fans. The supply fans are each rated at 28,000 cfm, and the exhaust
fans are each rated at 16,000 cfm. The reactor cavity supply and exhaust
air systems are operated continuously and regulate air flow around the
reactor vessel at 37,000 cfm in the summer and 9250 cfm in the winter.
There are six normal cooling units (A-520-A, B, C, D, E, F) in the
reactor building, each with a rated flow of 80,000 cfm. Units A-520-A,
B, C, D have particulate prefilters, while units A-520-E, F have both
prefilters and HEPA filters. Per design, five of the units operate
continuously with one in standby; however, during the in-plant measurement
program all six units operated continuously. All the above systems are
designed to maintain a reactor building temperature of 120 0F.

The containment building emergency cooling system (A-500-A, B, C,
D) consists of four fans (each 40,000 cfm) and coolers. Two of the units
(A-500-C, D) have HEPA filters and two of the units (A-500-A, B) have
charcoal filters. The emergency cooling system (ECS) is operated, as
needed, to reduce containment building airborne activities; however,
operation is limited to times of containment entry or purging and
filter testing. At the time of the in-plant measurement program, A-500-
A and A-500-B had been operated, respectively, 2900 and 2550 hours
(Table 7.7). The exhaust filter (A-536) had been in service at that
time, approximately 2700 hours. For a discussion of the decontamination
factors, see Section 7.2.3.2.

The containment building supply air system (A-535) has two design
flow rates, 66,700 cfm for summer and 16,675 cfm for winter (Table 7.7).
The supply air is filtered, in order, by particulate prefilters and HEPA
filters. The containment purge exhaust system consists of one single
speed fan, rated at 74,000 cfm, and particulate prefilters, HEPA filters
and charcoal filters. At the time of the in-plant measurements at
Rancho Seco they had been in operation for a total of approximately 2700
hours (Table 7.7).

The containment supply and exhaust air systems are used jointly
to purge containment in three operational modes. First, in the vent
mode the supply operates at low flow (16,675 cfm) and the exhaust fan
is nonoperational. However, a containment exhaust flow of 8000 cfm
to the containment stack occurs through the containment vent line. The
vent line is only operational in this mode. The second mode of containment
purging is the winter mode. In the winter mode the supply fan operates
at low flow and the exhaust fan operates at design flow 74,000 cfm.
This mode results in a containment exhaust flow of 20,000 cfm. The
rest of the air (-54,000) is taken from outside containment air via
dampers downstream of the exhaust filters. The third mode of containment
purging is the summer mode, where the supply fan is operated at high
flow (66,700 cfm) and the exhaust fan operates at 74,000 cfm. The
design exhaust flow rate for this mode is 74,000 cfm.

Table 7.8 presents the measured flow rate for each mode of purging.
The measurements were performed by helium dilution and/or pitot tube

235



TABLE 7.7

CONTAINMENT BUILDING FILTER OPERATION

Containment Building Purge Supply System
(A-535)

Fan: Buffalo BL-Aerofoil 980 DNDW w/ variable inlet vanes.

Belt driven. Flow rates 66,700 and 16,670 c.f.m.

Filters: Unit has two filter systems in series:

1. 24 each 23-1/2" x 23-1/2" x 2" plus 6 each 23-1/2" x
11-1/2" x 2" frame glass mats (HEPA).

2. 24 each 23-1/2 x 23-1/2 x 36" 535-95 Bag filters and
6 each 23-1/2" x 11-1/2" x 36" 5-34-95 Bag filters
(prefilters).

Installation: 8-15-77 for both filters.

Operation: 2680 hrs on 11/3/78

Containment Building Purge Exhaust System
(A-536)

Fan: Buffalo Type BL-Aerofoil size 980 DIDW w/ belt drive. Flow-
rate 74,000 c.f.m.

Filters: Exhaust system has three filters; prefilter, HEPA filter and
charcoal filter.

1. Prefilter - Cambridge Aeromold, sixteen 24" x 24" x
8-1/2"; arranged 8 wide x 8 high.

2. HEPA filters - sixteen 24" x 24" x 11-1/2"; arranged
8 wide x 8 high.

3. Charcoal filter - Barnebey Cheney - FC 8 wide x 24 high

Installation 1. Prefilter and HEPA filters were installed 10/21/74.
and Operation: Based upon breaker hours, they had been in operation

for 6882.4 hours on 11/2/78.
2. Charcoal filter installed 8/15/77. Filter in operation

2680 hrs as of 11/3/78.

Containment Building Emergency Cooling System
(A-5OD-A and A-5OD-B)

Fan: Joy Manufacturing Co., Axial flow 450 blade setting 25" direct
drive. Flow rate - 40,000 c.f.m.

Filter: Charcoal - 42 24" x 24" x 26" filters each unit

Installation: Both filters installed 6/18/74

Operation: Assuming operation based upon breaker hours A-5OD-A had been
in operation 2914.6 hours on 11/2/78 and A-50-B had been
in operation 2554.5 hours on 11/2/78.
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TABLE 7.8

CONTAINMENT BUILDING DESIGN AND MEASURED EXHAUST FLOW

FOR VENTING, WINTER AND SUMMER MODES

Mea sured

Mode

1. Venting

2. Winter

3. Summer

Design*
cfm

8000

20,000

74,000

Measured
(cfm)

8000 **

36,500 t

78,900 t

81,000 tt

t

tt

From plant specifications.

Plant measured value.

Pitot tube measurement.

Helium dilution measurement.
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techniques (6). The better than 3% agreement between the pitot tube and
helium dilution techniques at the exhaust sample point indicates good
mixing of exhaust air in the duct. The pitot tube measured flows have
been employed in calculations in this report.

7.2.2 Measurement Methods and Data

During the in-plant measurement study at Rancho Seco,
samples were taken from the containment building atmosphere; the exhaust
purge duct, both before and after the exhaust filters; and the contain-
ment building stack. Additionally, samples were taken across the
emergency cooling system charcoal filters. These samples, except as
noted, were collected using existing plant sampling lines and were
analyzed for particulates, radioiodine species, 14C, 3H, and/or noble
gases using the methods outlined in reference 6.

Table 7.9 lists the containment building purges that occurred
during the in-plant measurements at Rancho Seco. Also included are the
exhaust flow rates from the containment and the plant release number for
each purge. As indicated, the exhaust flow was changed on two occasions
during a purge, i.e., purges 78-12 and 78-14. For these purges appropriate
corrections, based on the duration of each flow rate, were applied in
the annual release calculations. In some cases the release number was
changed without an actual purge stoppage. For example, for releases 78-
17 through 78-19 three releases are recorded, but, actually the purge
was continuous.

The dates of the particulate-iodine species samples taken from the
containment atmosphere and the containment stack are presented in Tables
7.10 and 7.11, respectively. The data are in Appendix Tables B.74-B.75.
Particulate-iodine species samples taken across the containment exhaust
system and the emergency cooling system (ECS) charcoal filters are taken
from Appendix Tables B.76-B.77 and B.78-B.79, respectively. The samples
taken across the filters were collected using sampling locations immediately
upstream and downstream of the charcoal filters. Dates for these samples
are given in Table 7.12. The particulate-iodine species samplers used
in this study are detailed in reference 6. Basically, they consist of,
in order of flow, HEPA filters, 12, HOI, and organic iodine adsorption
media.

Two different methods were used to collect noble gas samples. The
first method uses an evacuated 250 cm3 glass cylinder (6) while the
second employs a cryogenic air sampler (CAS). The CAS's operation is
described in more detail in reference 13; but basically the noble gases
are concentrated in liquid oxygen, distilled and collected. The CAS
was used to collect samples from the containment building exhaust stack
and the 250 cc glass gas cylinders were used for noble gas containment
atmosphere sampling. Tables 7.13 and 7.14 list the dates and times that
the containment building stack and atmosphere samples were taken. The
corresponding data are in Appendix Tables B.80-B.81.
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TABLE 7.9

CONTAINMENT BUILDING PURGES AND EXHAUST FLOW RATES*

Start Stop Exhaust
Flow Rate

cfmDate

9/8/78

9/15/78

10/13/78

10/14/78

10/20/78
10/27/78

10/29/78

11/1/78,

11/14/78

12/7/78

12/14/78

1/17/79

2/23/79

Time

1611

1708

1437

2030

1502

1416

0056

0900

1145

1440

0905

1155

1222

Date

9/11/78
9/16/78
10/14/78
10/15/78

10/21/78
10/29/78
1111/78

11/12/78
12/3/78
12/14/78
12/21/78
1/20/79
2/25/79

Time

1250

1122

2030

0429

1421

0056

0900

2330

1730

0905

0829

1630

1820

36 500

36 500

8,000

36,500

36,500

8,000

36,500

78,900

78,900

36,500

78,900

36,500

36,500

Plant
Purge

Release
No.

78-10

78-11

78-12 t

78-12 i"

78-13

78-14 t

78-14/15 t

78-15/16

78-17/19

78-20

78-21

79-1

79-2

* Pitot tube measured
by the plant staff.

flow rates except the 8000 cflm which was measured

t Denotes containment exhaust flow rate changes during release.
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TABLE 7.10

CONTAINMENT BUILDING ATMOSPHERE IODINE SPECIES SAMPLES

Start Stop Sample
Before

Time Purge(1

Purge
After

Date Time Date Comments

9/8/78
10/12/78
10/12/78
10/26/78

(7) 11/18/78
1/8/79
1/17/79
1/23/79
1/24/79
1/25/79
2/4/79
2/5/79
2/6/79
2/6/79
2/6/79
2/7/79
2/7/79
2/8/79
2/9/79
2/9/79
2/9/79
2/10/79
2/11/79
2/12/79
3/6/79

1025
1119
1610
1908
1030
1321
1001
1409
1545
1000
1314
1506
1122
1510
2205
0906
1457
0913
0857
1055
1600
0845
0834
0841
1200

9/8/78
10/12/78
10/12/78
10/26/78
11/19/78
1/8/79
1/17/79
1/24/79
1/25/79
1/26/79
2/5/79
2/6/79
2/6/79
2/6/79
2/7/79
2/7/79
2/8/79
2/9/79
2/9/79
2/9/79
2/10/79
2/11/79
2/12/79
2/1 3/79
3/7/79

1128
1200
1645
2008
0712
1521
1123
1445
0950
1015
1407
0900
1510
2205
0903
1452
0910
0850
1055
1558
0845
0829
0836
0840
1135

78-10
78-12
78-12
78-14
78-17/19 (2)
79-1
79-1
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-3

78-10/11
78-12/13
78-12/13
78-14/19
78-17/21
79-1
79-1
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2
79-2

.79-2
79-2
79-2
79-2
79-3

ECS Startup (4)

ECS Started (5)

ECS Stopped (6)

(1) The purge immediately follows the sample.

(2) Sample taken during purge.

(3) Purges after the sample but before the next

(4) Emergency Cooling Systems A-500-A,B started
stopped 10/12/79 at : 1903 hours.

sample.

10/12/79 at 1503 hours;

(5) Emergency Cooling System A-500-A started 2/6/79 at 1014 hours.

(6) Emergency Cooling System A-500-A stopped 2/9/79 at 0857 hours.

(7) Sample taken inside containment prior to reactor vessel head removal.
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TABLE 7.11

CONTAINMENT STACK PARTICULATE-IODINE SPECIES SAMPLES

Sample Interval

Start Stop

Date Time Date Time Comments

10/27/78 1225 11/9/78 0915 During Purges 78-14/16

11/9/78 0918 11/20/78 1635 During Purges 78-15/19

11/20/78 1645 2/7/78 0905 During Purges 78-17/19

12/7/78 1225 12/21/78 1225 During Purges 78-20/21

TABLE 7.12

CHARCOAL FILTER PARTICULATE-IODINE SPECIES SAMPLES

Sample Interval

Start Stop

Date Time Date Time Comments

10/30/78 1534 11/2/78 1334* During Purge 78-14/15 t

11/6/78 0958 11/13/78 1234* During Purge 78-17/19

1/19/79 0940 1/20/79 1728* During Purge 79-1 tt

11/2/78 1645 11/9/78 1545**

11/9/78 1545 11/16/78 0930**

• Simultaneous samples upstream and downstream of the containment
exhaust filters.

** Simultaneous samples upstream and downstream of the ECS charcoal
fi 1ters.

t Sampler ran 13 hours and 4 minutes after purge 78-15 was stopped.

tt Sampler ran 58 minutes after purge 79-1 was stopped.
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TABLE 7.13

CONTAINMENT BUILDING STACK NOBLE GAS SAMPLES

Sample Intervals

Start*
Da te Time

10/24/78

10/25/78

10/26/78

10/27/78

10/28/78

10/29/78

10/30/78

10/31/78

11/1/78

11/2/78

11/3/78

11/4/78

11/5/78

11/6/78

11/7/78

11/8/78

11/9/78

11/10/78

11/11/78

11/12/78

11 /13/78
11/14/78

11/15/78
11/16/78

1541

1430

1130

1000

1000

1000

1000

1100

1100

1500

1100

1100

1100

1100

1830

1200

1200

1200

1200

1200

1200

1200

1200

1200

Stop
Date

10/25/78

10/26/78
10/27/78

10/28/78

10/29/78

10/30/78

10/31 /78

11/1/78

11/2/78

11 /3/78

11/4/78

11/5/78

11/6/78

11/7/78

11/8/78

11/9/78

11/10/78

11 /11 /78

11/12/78

11/13/78

11/14/78

11/15/78

11/16/78

11/17/78

Time

0941

0930

0730

0800

0800

0800

0800

0900

0900

0900

0900

0900

0900

0900

0830

0900

0900

0900

0900

0900

0900

0900

0900

0900

Start
Date

11/17/78

11/18/78

11/19/78

11/20/78

11/21/ 78

11/28/78

11/29/78

11/30/78

12/5/78

12/6/78

12/7/78

12/8/78

12/9/78

12/12/78

12/13/78

12/14/78

12/19/78

12/20/78

1/17/79

1 /18/79

1/19/79

1/20/79

Stop
Time Date Time

1200

1200

1200

1200

0900

1200

1200

1200

1200

1200

1200

1200

1200

1200

1800

1300

1200

1400

1200

1200

1200

1200

11/18/78

11/19/78

11/20/78

11/21/78

11/28/78

11/29/78

11/30/78

12/5/78

12/6/78

12/7/78

12/8/78

12/9/78

12/12/78

12/13/78

12/14/78

12/19/78

12/20/78

12/21/78

1/18/79

1/19/79

1/20/79

1/21/79

0900

0900

0900

0900

0800

0900

0900

1300

0900

0900

0900

0900

0900

0900

0900

0900

0900

0900

0900

0900

0600

0800
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TABLE 7.14

CONTAINMENT BUILDING ATMOSPHERE NOBLE GAS SAMPLES

Sample

Date

9/7/78

9/8/78

10/12/78
10/12/78
10/26/78

1/9/79
2/9/79

2/9/79
2/12/79

2/13/79

Interval

Time

1402
1130

1127*
1608*

2010

1120
0855t

1610t
0840

0845

* Emergency Cooling System started 10/12/78 at
1503 hours; stopped 10/12/78 at : 1903 hours.

t Emergency Cooling System operational between
2/6/79 (1014 hours) and 2/9/79 (0857 hours).
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Tritium and 14C samples of the containment building atmosphere and
stack are presented in Table 7.15 (Appendix Tables B.82-B.83). The 14C
and 3H sampler and associated analytical techniques are reported fully
in reference 12.

7.2.3 Results and Discussion

7.2.3.1 Containment Building Reactor Coolant Leakage Rates,
Partition Factors, and Iodine Species

The measured 1311, 133j, and 1351 species distribu-
tions in the containment building atmosphere are given in Tables 7.16-
7.18. With the exception of the 11/18/79 sample, all samples were taken
before or after the refueling interval. Table 7.19 presents the average
iodine chemical species distributions and ranges for the intervals
before and after refueling. As indicated the iodine chemical species
are predominantly organic during these time periods. However, in general,
it should be observed that the shorter-lived radioiodines 1331 and 1351
are less organic than 1311. This is consistent with other data (2-
4,14,15) which indicates the longer the average life of the radioiodine
the more highly converted to the organic species. In other words, the
further away in time the radioiodine is from the source (reactor coolant)
the more organic it is. Since the 1311 exists longer, it has more time
to convert. This can be seen from the 11/18/78 and refueling interval
samples (Table 7.20). In these samples, the higher elemental percentages
indicate radiochemical iodine (12) closer, in time, to the reactor
coolant source. Since these samples were returned to INEL no short-
lived radioiodines were detected, due to radioactive decay. The data
presented in Table 7.20 were derived from Appendix Table B.75.

Radionuclide releases from the containment building via the gaseous
pathway are a function of reactor coolant concentration, coolant leak
rate, partitioning of the radionuclide between coolant and containment
atmosphere, losses due to deposition on surfaces, and filtration if any.

An effective leak rate (LR) can be defined which includes the effects
of partitioning and deposition. As a first approximation, this leak rate
can be defined as follows:

LR = LR* fp fd (1)

where:
LR* = real leak rate of a radionuclide from coolant to containment

f = fraction which becomes airborne due to the partitioning of
P the radionuclide between liquid and vapor states

f = fraction of the radionuclide which remains airborne after
the deposition-resuspension process.

It remains for future work to determine the real leak rate LR* and losses
due to partitioning and deposition. For the purposes of this report it

244



TABLE 7.15

3H AND 14C CONTAINMENT ATMOSPHERE AND STACK SAMPLES

Containment Atmosphere

Sample Interval

Containment Stack

Sample Interval

Start
Date

9/7/78

1/8/79

1/23/79

2/5/79

2/8/79

Time

1405

1321

1404

1506

0910

Stop
Date

9/8/78

1/9/79

1/26/79

2/6/79

2/9/79

Time

0835

1120

1015

0900

0855

Date

10/27/78

11/9/78

11/20/78
12/7/78

tart
Time

1225

0918

1810
1225

Stop
Date

11/9/78

11/20/78

12/7/78

12/21/78

Time

0915

1735

0905

1221
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TABLE 7.16

CONTAINMENT BUILDING ATMOSPHERE 1311 SPECIES

1311 species fractional distribution (%)
131I species fractional distribution (%)

Sample Start
Date/Time

9/8/78-1025
10/12/78-1119
10/12/78-1610
10/26/78-1908
11/18/78-1030
1/8/79-1 321
1/17/79-1001
1/23/79-1409
1/24/79-1545
1/25/79-1000
2/4/79-1 314
2/5/79-1506 **
2/6/79-1122 t
2/6/79-1510
2/6/79-2205
2/7/79-0906
2/7/79-1457
2/8/79-0913
2/9/79-0857 tt
2/9/79-1055
2/9/79-1600
2/10/79-0845
2/11/79-0834
2/12/79-0841
3/6/79-1200

Total 1311
HOI Organic (iiCi/cm3)Particulate -

10.34
0.64
0.81
1.34
3.07
1 .42
1 .07
2.22

31.12
31.70
25.69
31.91
30.70
22.54
26.32
23.35

3.52
4.20
2.74
1.67
1.31

2.39
3.50
.

10.56
47.13
2.90
2.55
3.48
3.07
2.04
1.17
6.16
8.52
11.06
12.36
10.75
13.33
14.07
8.83

10.25
10.78
6.85
6.36
4.61
2.62

9.47
27.27
53.33
65.66
35.06
6.86

10.04
2.73
4.87
3.05
7.18
7.14
9.24

12.00
11.27
12.82
9.61

12.31
18.54
16.39
10.18
13.77
6.81
9.67
8.15

88.14
69.23
46.67
23.79
7.47

89.60
86.59
92.46
88.99
93.49
90.58
84.47
51.12
45.24
50.67
44.52
46.36
51.08
46.31
50.00
75.53
75.19
84.09
84.05
87.92

2.09
1.43
1.5
1.13
1.74
3.21
1.10
5.24
2.59
3.38
1.23
3.56
2.09
1.61
1.56
1.40
1.29
1.25
1.25
1.34
4.69
3.05
7.39
8.28
5.11

0.03( -8)
0.04 (-9
0.1(-10
0.02 -9
0.05 -10)
0.01 -8
0.01 -8
0.01 -8
0.01 -8
0.01 -8
0.01 -8
0.02 -9)

0.02 -9)

0.01 (-9)
0.02 (-9)
0.01 (-9)
0.01 (-9)0.02 (-9)

0.02 (9)
0.04 (9)
0.02 (9)
0.06 (-9)
0.05(-9)
0.01 (-8)

* No activity detectable

** Sample validity Is questionable due to moisture in sampler.

t Emergency cooling system filter, A-500-A, started 2/6/79 at 1014 hours.

tt Emergency cooling system filter, A-500-A, stopped 2/9/79 at 0857 hours.
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TABLE 7.17

CONTAINMENT BUILDING ATMOSPHERE 1331 SPECIES

1331 species fractional distribution (%)

Date/Time

9/8/78-1025
10/12/78-1119
10/12/78-1610
10/26/78-1908
11/18/78-1030
1/8/79-1 321
1/17/79-1001
1/23/79-1409
1/24/79-1545
1/25/79-1000
2/4/79-1314
2/5/79-1506 **
2/6/79-1122 t
2/6/79-1510
2/6/79-2205
2/7/79-0906
2/7/79-1457
2/8/79-0913
2/9/79-0857 tt
2/9/79-1055
2/9/79-1600
2/10/79-0845
2/11/79-0834
2/12/79-0841
3/6/79-1200

Particulate

1 .22
0.98
2.63
5.14
3.27
2.02
2.65

24.59
20.92
15.78
22.20
21.82
15.17
15.70
13.82
2.89
3.20
2.70
1.83

12

2.28
6.72

9.59

3.78
1 .94
6.16
6.29
4.27
2.43
8.19
9.24

11.49
13.33
12.03
13.91
14.34
10.99
11.42
11 .32
6.32
8.48
5.57

HOI

11 .25
29.10
49.65
76.03
*

9.04
8.28
5.54
10.18
7.24

13.91
9.81
11.18
13.33
10.81
12.03
9.45

13.76
20.41
18.18
9.71

14.50
7.67

11 .39

Organic

85.47
64.18
50.35
14.38

85.97
88.81
85.67
78.40
85.22
81.64
79.35
55.02
54.25
60.08
53.75
54.82
56.72
52.91
56.59
76.08
75.97
81.13
81.20

Total 1331

(pCi/cm3 )

7.0 ± 0.1(-9)
1.3 ± O.1(-9)
1.4 ± 0.2(-10)
6.0 ± 0.2(-10)

1.08 ± 0.01(-8)
1.34 ± O.01 (-8)
1.12 ± 0.01 (-8)
3.93 ± 0.04(-9)
7.73 ± 0.04(-9)
6.54 ± 0.03(-9)
2.04 ± 0.02(-9)
1.34 ± 0.03(-9)
1.30 ± 0.08(-9)
1.35 ± 0.02(-9)
1.08 ± 0.03(-9)
1.10 ± 0.01 (-9)
1.21 ± 0.01 (-9)
1.27 ± 0.03(-9)
1.38 ± 0.03(-9)
5.57 ± 0.05(-9)
2.44 ± 0.02(-9)
7.44 ± 0.04(-9)
8.08 ± 0.06(-9)

* No detectable activity.

** Sample validity is questionable due to moisture in sampler.

t Emergency cooling system filter, A-500-A, started 2/6/79 at 1014 hours.

±t Emergency cooling system filter, A-500-A, stopped 2/9/79 at 0857 hours.
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TABLE 7.18

CONTAINMENT BUILDING ATMOSPHERE 1351 SPECIES

1351 species fractional distribution (%)
135I species fractional distribution (%)

Date/Time

9/8/78-1025
10/12/78-1119
10/12/78-1610
10/26/78-1908
11/18/78-1 030
1/8/79-1 321
1/17/79-1001
1/23/79-1409
1/24/79-1545
1/25/79-1000
2/4/79-1 314
2/5/79-1 506 **
2/6/79-1122 t
2/6/79-1510
2/6/79-2205
2/7/79-0906
2/7/79-1457
2/8/79-0913
2/9/79-0857 tt
2/9/79-1055
2/9/79-1600
2/10/79-0845
2/11/79-0834
2/12/79-0841
3/6/79-1 200

Particulate

5.39
6.78
8.37
3.55
4.34

32.65
20.00
18.81
15.63
16.98
13.82
13.75
17.74

3.15

3.87
2.17

12

*

22.22
2.04

14.11
8.47
7.44
6.46

11.12
12.24
7.50

15.36
.

11 .32
18.43

5.0
17.74
12.93
7.65

11 .08
6.41

Total 1351
HOI Organic (pCi/cm3 )

26.83

22.96
11 .62
14.41
15.81
22.61
4.45

7.55
7.68

22.50

11 .36

5.84
9.02

16.20

73.17
100.00

77.78
69.89
68.88
70.34
68.37
67.38
80.09
55.10
72.50
65.83
84.38
64.15
60.06
58.75
64.52
72.56
86.52
76.03
75.19

8
8 ± 2(-11)7 + 2(-11)

*:

1.8
2.0
2.4
1.2
2.2
2,2
4.5
4.9
4.0
6.4
3.2
5.3
6.5
8.0
6.2
3.2
5.0
3.9
3.0

+

+

+
+

_+
+

_+

_+

+_

+_

+_

-+

0.6(-9)
0.1(-9)
0.1 (-9)
0.1 (-9)
0.1(-9)
0.1(-9)

0.4(-10)
0.4(-10)
0.5(-10)
0.4(-10)
0.51(-9)0.9 -1°0
1 lý-lO)
0.1 -9)
0.5(-IO)
0.1(-9)
0.I(-9)

* No activity detectable.

Sample validity is questionable due to moisture in sampler.

t Emergency cooling system filter, A-500-A, started 2/6/79 at 1014 hours.

tt Emergency cooling system filter, A-500-A, stopped 2/9/79 at 0857 hours.
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TABLE 7.19

BUILDING ATMOSPHERE IODINE SPECIES AVERAGES ttCONTAINMENT

Number of
Sampl es

3

3

2

9

8

8

Particulate (%)

Nuclide 8M Range

1311

1331

1351j*

1311

1331

1351

1.5

2.5

5.1

0.6-3.0

1 .0-5.1

2.2-8.4

12 (%) HOI (%)

Avg Range Avg Range

Before Refueling

5.5 0-10.56 34.1 9.5-65.7

6.2 2.3-9.6 38.8 11.2-76.0
* * 13.4 0-26.8

After Refueling t

3.2 1.2-4.6 7.7 2.7-10.0

4.8 1.9-8.2 9.4 5.5-13.9

9.8 2.0-22.2 15.4 4.4-23.0

Organic (%)

Avg Range

60.4

54.7

86.6

88.7

83.3

72.2

23.8-88.1

14.4-85.5

73.2-1 00

84.0-93.5

78.4-88.8

67.4-80.1

Average
Total Iodine

(UCl/cm3 )_

7.5(-9)

2.8(-9)

4.4(-10)

2.6(-8)

8.6(-9)

2.3(-9)

* No detectable activity.

** 1351 samples prior to refueling show only one sample with any species distribution.

t Only samples taken during steady-state operation are used in calculations.
Samples taken during the test of the containment building emergency cooling system and
other noted samples are not used.

tt Lower limit of detection values are not included in the calculations.



TABLE 7.20

CONTAINMENT BUILDING EXHAUST STACK IODINE SPECIES**
(During Refueling)

1311 species fractional distribution (%)
Date

Start/Stop Particulate 12 HOI Organic

10/27-11/9/78 8.7 55.8 * 35.6

11/9-11/20/78 22.9 * * 77.1

11/20-12/7/78 8.0 7.4 31.9 52.7

12/7-12/21/78 9.8 26.8 * 63.4

* ND - Activity not detectable

•* Samples obtained downstream of charcoal filters.

t Release rates based on 78,900 cfm.

Total 1311 (pCi/s)t

5.2 ± o.8(-5)

2.4 ± 0.5(-5)

1.9 ± 0.5(-6)

2.5 ± l.0(-6)
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suffices to estimate the effective leak rate from measured concentrations
of radionuclides in the containment atmosphere. Equation 2 defines the
LR as a fraction of the quantity available for leakage which leaks per
unit time.

Cc x Vc

1C-e x (100%) - LR (2)
CR x V R

where

cc = Concentration of nuclide in containment atmosphere (uCi/cm )Cc

Vc = Free volume of containment (cm3 ) - 5.6(10)

At = Time between prior purging and sample time (days)

= Radionuclide decay constant (dayl)

CR = Concentration of nuclide in primary coolant (pCi/cm )

VR = Volume of primary coolant (cm3) - 3.3(8)

LR = Percent nuclear inventory in primary coolant leakage to
containment atmosphere per day (percent per day)

During refueling equation 2 is not applicable because the containment
is being purged continuously. A more applicable equation for 3H and
1311I reactor coolant leakage rates during purge is

CA x (OF) x 1440 min/day x 60 sec/min
LR = CR x VR x 100% (3)

where C is the radionuclide release rate (vCi/s) from the containment
buildint stack and (DF) is the containment building exhaust filter DF.
Decontamination factors of 88 and 1 were used, respectively, for 1311

and 3H. Other terms in equation (3) are the same as defined above for
equation (2).

Tables 7.21 and 7.22 present, respectively, the effective leakage
rates into the containment building during non-refueling and refueling
intervals. Leakage rates during power operations (Table 7.21) were
calculated using measured radionuclide concentrations in the containment
atmosphere. Leakage rates during refueling (Table 7.22), on the other
hand, were calculated using release rates from the containment building
stack. These containment building stack release rates were converted to
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TABLE 7.21

LEAKAGE RATE TO CONTAINMENT BUILDING DURING POWER OPERATIONS

(% Reactor Coolant Inventory Leakage per Day)'

Sample Date

9/8/782

10/12/78

10/12/785

10/26/78

1/8/796

1/17/79

1/23/79

1/24/79

1/25/79

2/4/79

2/5/79

2/12/79

3/6/79

PreviousPurge (days.)

47.6

16.0

16.2

5.2

18.3

27.2

2.9

4.0

4.7

14.9

16.0

23.7

8.7

1311

2.19(-3)

1.45(-4)

1.51(-5)
1.33(-4)
3.54(-3)

2.09(-3)

2.10(-2)

1.78(-2)

1.37(-2)

2.4(-3)

6.68(-4)

1 .54(-3)

1.69(-2)

1331 1351

1.69(-3) 3

3.68(-4) 5.43(-4)

3.85(-5) 4.75(-5)

1.51(-4) 3

3.64(-3) 1.85(-3)

5.97(-3) 1.90(-3)

4.36(-3) 2.67(-3)

1.51(-3) 1.31(-3)

3.93(-3) 2.45(-3)

2.97(-3) 1.99(-3)

1.01(-3) 4.41(-4)

3.22(-3) 2.59(-3)

3 3

3H

4.9(-3)

5.1(-3)

3.2(-2)

4.7(-5)4

Avg 6.3(-3) 2.4(-3) 1.6(-3) 1.0(-2)

1. Only samples taken during containment steady-state operations are used*
i.e., no purges.

2. Sample taken 4 days after power level change.

3. No detectable activity due to decay before analysis.

4. Sample taken 2/5/79 prior to operation of reactor building emergency
cooling system A-500-A. Sample taken 2/9/79 after emergency cooling
system operation yielded a leak rate of 5.9(-5).

5. Sample taken during operation of emergency cooling system.

6. Sample taken 2 days after power level change.
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TABLE 7.22

LEAKAGE RATE TO CONTAINMENT BUILDING DURING REFUELING

(% Reactor Coolant Inventory Leakage Per Day)

Sample Date 1_1I 3H

10/27/78 - 11/9/78 7.5(-3) 1.0(-I)

11/9/78 - 11/20/78 9.3(-4) 1.6(-l)

11/20/78 - 12/7/78 6.2(-4) 3.4(-1)

12/7/78 - 12/21/78 4.1(-3) 3.6(-2)

Avg. 3.3(-3) 1.6(-l)
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release rates into the containment atmosphere by multiplying them by the
containment building exhaust filter DF's. The leakage rates presented
in Tables 7.21 and 7.22, therefore, are directly comparable. To calculate
these leakage rates, data from Tables 7.16-7.18 and B.82 (power operations)
and Tables 7.20 and B.83 (refueling period) were used. Reactor coolant
concentrations were obtained from Tables 8.5 and 8.11.

During refueling, reactor coolant is open to the containment atmos-
phere and one might expect higher 3H release rates. Comparison of
Tables 7.21 and 7.22 indicates that, as expected, the 3H leakage rate
during refueling was higher (by a factor of 16) than during non-refueling
periods.

It is interesting to note that in Table 7.21 the effective release
rates for iodine radionuclides with long half lives were greater than
that for the short-lived radioiodines. The reason for this is most
likely that the shorter-lived radionuclides were reduced more by radio-
active decay during the deposition-resuspension process than were the
longer-lived radionuclides.

7.2.3.2 HEPA and Charcoal Filter Decontamination Factors

Particulate-iodine species samples were collected
directly across the containment emergency cooling system filters (ECS)
and the exhaust system charcoal filters. Additionally, containment
atmosphere samples were collected before, during, and after the operation
of the ECS system.

At the time of the decontamination factor (DF) measurements across
the ECS and exhaust charcoal filters, the filters had been in service
approximately 2900 and 2700 hours, respectively. Past operation histories
of formerly used charcoal filters and of filters in service at the time
of the source term measurements are shown in Table 7.23. Based on the
operational hours of the filters in service and on efficiency tests
carried out with CH3I in the laboratory (see Figure 8,6), DF's of 37, 42
and 36 might be expected for charcoal filters A-500-A, A-50-B and A-
536, respectively. The measured DF's are presented in Tables 7.25 and
7.27 with the corresponding inlet, outlet, and species distributions
shown in Tables 7.24 and 7.26. These data are taken from Appendix
Tables B.76-B.79. As indicated, the actual average DF for filter A-500-
A was 24 for organic 1311 . This is considered good agreement. For
filter A-536 the average 1311 organic iodine DF was 254. The predicted
methyl iodide DF of 36 is not considered good agreement. The good
agreement between laboratory and field measurements for filter A-500-A
and the poor agreement for filter A-536 may be due to relative humidity
(RH) conditions. For laboratory tests the RH is held at 95%. The RH
during the A-500-A test was more likely to be near 95% than was the RH
during the A-536 test because supply air is provided during purging.

Another reason the iodine DF for the emergency cooler A-5OO-A was
lower than the DF for the purge exhaust filter can be related to age.
The purge exhaust filter was installed on 8/15/77 and the emergency
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TABLE 7.23

CONTAINMENT CHARCOAL FILTER OPERATIONAL HISTORIES

Emergency Coolinq System
FIlter A-BOU-B

Date

10/6/76

8/11/77

DF

63.3

63.3

Operational
Hours

2748.6

2837.4

Eff

98.42

98.42

Filter A-500-A

10/6/76

8/11/77

56.82

75.19

2390.6

2477.7

98.24

98.67*

Containment Exhaust System

Filter A-536

2/10/77

8/4/77

8/4/77

12.64 3300

417512.39

1000.

92.09

91.93

99.9 *0
I I I g l l I I I

* In service at time of source term measurement program
at Rancho Seco. The A-500-A, A-500-B, and A-536
filters had been in service, respectively, 2900,
2550, and 2680 hours at time of source term
measurement program.
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TABLE 7.24

CONTAINMENT BUILDING EMERGENCY COOLING FILTER A-500-A

IODINE SPECIES (VCi/cm3 )

Nucli de Particulate 12

Filter inlet, sample period: 11/2-11/9/78

1311
1331
1351

2.58 ± 0.03(-l1)
3.89 ± 0.07(-l1)
4.1 ± 0.4(-Il)

Filter outlet, sample period:

1.58 0 0.02(-10)
8.4 0 o.2(-l)
3.8 0 o.4(-11)

11/2-11/9/78

5.1 ± 0.1(-12)4.2.±+ 0.3(-12)
<1.1 (-12)cm

1311
1331
1351

1.06 ± 0.01 (-11)
2.17 ± 0.05(-11)
2.1 ± 0.3(-11)

HOI

3.79 0 0.03(-11)
4.2 - 0.1(-11)
2.0 _ 0.3(-11)

1.6 - 0.3(-13)
<5.4(-13)
<1.5 (-12)

4.31 ± 0.04(-ll)
4.6 ± O.1(-ll)
<1.8(-1l )

1.15 0 0.07(-12)
1.1 0 O.4(-12)
<1.6(-1l)

Organic

6.49 ± O.06(-1l)
6.3 ± O.l(-l)
2.4 ± 0.4(-Il)

2.0 ± 0.6(-12)
9.8 ± 0.1(-13)
<1.6(-12)

1.41 ± 0.02(-10)
1.44 ± 0.02(-10)
3 ± 1(-1l)

8.8 ± 0.2(-12)
8.4 ± 0.5(-12)
<6.8(-12)

Total Iodine

2.87 ± 0.02(-10)
2.28 ± 0.02(-10)
1.23 ± 0.08(-10)

1.79 ± 0.06(-11)
>2.7(-11)
>2.5 (-11)

6.23 ± 0.03(-10)
6.19 ± 0.05 (-10)
>8.9(-11)

3.94 0 O.04(-11)
4.2 ± 0.1(-11)
>:1.l(-9)

Filter inlet, sample period: 11/9-11/16/78

1311
1331
1351

9.23 ± 0.08(-ll)
1.00 ± o.02(-WO)
<1.5(-l1)

Filter outlet, sample period:

3.46 ± 0.02(-10)
3.29 ± 0.05(-10)
<2.6(-1l)

11/9-11/16/78

1.12 O.03(-ll)
1.1 0 O.l(-ll)
<2.3(-11)

1311
1331
1351

1.82 - 0.03(-11)
2.2 0 O.l(-ll)
<7.6(-10)



TABLE 7.25

CONTAINMENT BUILDING EMERGENCY COOLING SYSTEM A-500-A

FILTER IODINE DECONTAMINATION FACTORS

Decontamination Factors

Nuclide Particulate 12_. HOI Organic Total

Sample Period: 11/2-11/9/78

1311
1331
1351

2.4
1.8
2.0

31.0
20.0

>34.5

39 .9
>77.8
>13.3

32.5
64.3

>15.0

16.0
>8.3*
>4.9

Sample Period: 11/9-11/16/78

1311
1331

5.1
4.6

30.7
30.3

37.5
42.3

16.1
17.4

15.8
14.7

Average DF's

1311
133I
1351

3.8
3.2
2.0

30.9
25.2
34.5

38.7
42.3
13.3

24.3
40.9
15.0

15.9
14.7
5.9

* Unless indicated, no values below
were used in averaging.

the limit of detection
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TABLE 7.26

CONTAINMENT BUILDING EXHAUST FILTER

IODINE SPECIES

Filter Inlet
Iodine species (%)

Filter Outlet
Iodine Species (%)

Nuclide Particulate 12
Total release

HOI Orqanic (UCi/s) Particulate • 12 HOI Total release
Organic (PCi/s)

Sample period: 10/30-11/2/78

1311
1331
1351

7.70
6.86
7.77

55.89
36.76
33.16

11.53
15.93
25.39

24.66
40.44
33.68

9.10 ± 0.01o(-3)1
6.1 0 0.07(-3)1
4.8 _0 3(-3)1

33.45
24.87

Sample Period: 11/6-11/13/78
00

1311
1331

6.71
6.56

46.02 13.10 34.17 7.94 ± 0.04 (-3)2
35.35 12.90 45.19 1.02 ± 0.06( -2)2

ND
3

27.64 20.36 18.55 1.02 ± 0.05(-4)
16.58 35.23 23.32 7 ± 2(-5)

<7.6(-3)

51.72 ND 48.28 1.1 ± 0.4(-5)
<6.2(-5)

25.64 12.82 28.21 9 ± 2(-5)
100 ND ND 2.3 ± 1.6(-5)

Sample period: 1/19-1/21/79

1311
1331

21.11
24.84

25.19 9.34 44.36 7.74 ± 0.07(-3)4
24.84 7.72 42.59 8.3 ±0.(-4)4

33.33
ND

1. Inlet duct flow 52,900 c.f.m. based
during sample period.

on time weighted average of two duct flows

2. Inlet duct flow 78,900 c.f.m. during sample period.

3. ND indicates no detectable activity.

4. The duct flow to the inlet of the filter is 36,500 c.f.m.



TABLE 7.2.7

CONTAINMENT BUILDING EXHAUST FILTER A-536

IODINE DECONTAMINATION FACTORS

Decontamination Factors

Nucl ide Particulate 12 HOI Organic Total

Sample period:

1311
1331

Sample period:

1311
1331

10/30-11/2/78

20.5
23.4

180.4
188.5

50.5
38.4

118.6
147.5

89.2
85.0

11/6-11/13/78 [11

>275.0
>58.1

642.3
>161.7

>832.6
>98.3

510.9
>275.6

>555.2
>159.6

Sample period: 1/19-1/21/79

1311
1331

Averages [2]:

53.51
>119.2

74
23.4

83.00
87.4

301.9
137.7

61.55 132.88
>101.9 >56.19

86.0
>89.5

87.6
85.0

1311
1331

56.0
38.4

254.1
147.5

[I] These data were not used in the average because the samples ran
for 13 hours after the purge was secured, and the values are
probably not representative of the filter performance.

[2) No lower limit of detection values were used In the averages.
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cooling charcoal filter A-500-A was installed 6/18/74. In addition,
filter A-500-A does not have a HEPA prefilter. The factors which may
cause charcoal filter poisoning have been well documented (16).

The particulate decontamination factors for the containment exhaust
filters are shown in Table 7.28. These data were calculated from data
in Append.ix Tables B.76-B.77. As indicated, the data are limited, but
based on the average value observed for the radiocesiums, a value of 50
is the best estimate for the HEPA filter DF. However, it is felt that
the DF for the filters represents conservative values and that higher
DF's would be observed for higher particulate filter inlet concentrations.

7.2.3.3 Iodine Deposition

In February, 1979, samples were collected before,
during, and after the operation of ECS A-500-A. The results are included
in Tables 7.16 through 7.18. The reason for making these measurements
was to get some insight into the magnitude of reduction of iodine con-
-centration due to deposition on building surfaces. Unfortunately the
results of the sample taken just prior to ECS operation are questionable.
Therefore, there is no way of knowing- for sure the reduction in concen-
tration that occurred as a result of initial ECS operation. However,
certain observations are worth noting. Figure 7.3 shows a plot of the
various species of 1311 measured in containment air. It is assumed that
the concentrations measured two days prior to the ECS being put in
service are representative of the concentrations just prior to ECS
operation. If the loss due to deposition is significant with respect to
the loss due to the ECS, the reduction in air concentration would be
small when the ECS was put in operation. Note in Figure 7.3 that the
concentration of elemental iodine actually increased when the ECS was
put in service. The increase may have been the result of 13112 purging
from the particulate filter of the species sampler. The 1311 collected
on the particulate filter increased substantially when the ECS was put
in service (see Table 7.16). This may have been due to the fact that
the ECS charcoal adsorber has no HEPA filter associated with it. At any
rate, the fact that the 12 concentration was not appreciably affected
by the ECS shows that another competing process was dominant. Deposition
on building surfaces is such a process.

The conclusion that the competing process is deposition is supported
by the fact that the ECS apparently caused a substantial reduction in
the concentration of organic iodine. Figure 7.3 shows that the reduction
was a factor of 10 or more. Because organic iodine is less reactive than
elemental, it does not deposit as readily. Therefore, the ECS is the
dominant means of removal. HOI is believed to be less reactive than
12 but more reactive than organic. Figure 7.3 shows an intermediate
removal of HOI which further supports the assumption of deposition as
a process for removing a significant quantity of iodine.

7.2.3.4 Radionuclide Annual Release Rates

To calculate the annual releases at Rancho Seco
two time periods were used, refueling and non-refueling. The division
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TABLE 7.28

CONTAINMENT

PARTICULATE

BUILDING EXHAUST FILTER

DECONTAMINATION FACTORS

Nuclide 10/30/78 11/6/78 1/19/79 Avg. DF*

134Cs >11.0 32.5 50.6 41.6

137Cs >4.8 >44.0 61.0 61.0

* Less-than values were not included in the average values.

261



FIGURE 7.3

1311 IN CONTAINMENT AIR AT RANCHO SECO DURING ECS MEASUREMENTS
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between the two time intervals was based on refueling related containment
purges and non-refueling related containment purges during 1978
(Table 7.29).

For the refueling interval, when the containment stack was continuously
monitored, the annual release rates and releases for all radionuclides
were calculated from the time weighted average release rates (iCi/s).
The weighting was performed based on the duration of the sampling
interval and the total purge duration (49.3 days). Table 7.30 presents
the release rates and releases for the refueling interval. These data
were taken from Appendix Tables B.75, B.81, and B.83.

For the non-refueling interval, 1311 and 3H releases for each
purge were calculated using the following equation:

CRB x VRB + [CRc x VRC] x X PdRB R RC RC IT_ = R

DF

where

R - Gaseous airborne concentration in the reactor building (average) -RB 2.0(-8) for 1311 and 1.4(-6) for 3H (in uCi/cm3 )

VRB - Reactor building free volume - 5.6(10) cm3.

RC - Nuclide concentration in reactor coolant (average) - 1.6(-2)RC for 1311 and 2.5(-l) for 3H:(in UCi/g).

VRC - Reactor coolant volume - 3.3(8) cm3 .

L.R.- Leak rate to the reactor building - 5.9(-3) for 1311 and
1.0(-2) for 3H (in % per day).

Pd - Duration of purge (in days).

DF - Decontamination factor for reactor building filters - 1 for
3 H and 88 for 1311.

R - Release for purge (uCi).

The individual purge releases were then summed to obtain a total release
for 3 H and 1311. The purge durations were taken from Table 7.29. The
leakage rates used were the average values from Table 7.21. The
decontamination factors were taken from Section 7.2.3.2. The 1311 and
3H airborne concentrations are from Appendix Tables B.74 and B.82,
respectively.

Table 7.31 lists the 1311 and 3H release rates and releases during
the non-refueling interval. Also shown in Table 7.31 are the results for
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TABLE 7 29

1978 CONTAINMENT BUILDING PURGES AT RANCHO SECO

Start Stop

Date Time Date Time Purge Release No.

1/12/78 0905 1/13/78 1430 78-1
1/27/78 1618 1/29/78 0900 78-2

3/20/78 1111 3/24/78 1510 78-3
3/26/78 1330 3/26/78 2141 78-4
5/4/78 1010 5/6/78 0102 78-5
5/19/78 1605 5/21/78 1220 78-6
6/12/78 1500 6/19/78 1400 78-7
7/7/78 1616 7/8/78 2240 78-8
7/21/78 0833 7/22/78 2242 79-9
9/8/78 1611 9/11/78 1250 78-10
9/15/78 1708 9/16/78 1122 78-11
10/13/78 1437 10/14/78 2030 78-12
10/14/78 2030 10/15/78 0429 78-12 t

10/20/78 1502 10/21/78 1421 78-13

10/27/78 1416 10/29/78 0056* 78-14
10/29/78 0056 11/1/78 0900* 78-14/15 t
11/1/78 0900 11/12/78 2330* 78-15/16
11/14/78 1145 12/3/78 1730* 78-17/19
12/7/78 1440 12/14/78 0905* 78-20

12/14/78 0905 12/21/78 0829* 78-21

• Refueling related purges.

t Represents change in exhaust flow rate only.
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TABLE 7.30

CONTAINMENT BUILDING RELEASES** DURING REFUELING

Radionuclide Releases During Refueling

Nucl i dde

131j***

134Cs

5 8Co
60Co

3H

Average
Release Rate *

(_Ci/s).

2.o(-5)

2.9(-5)
3.2(-5)

2.1(-5)

3.6(-6)
1.2(0)
2.1(-l)

6.7(2)
6.1(0)

1.3(0)

Releases for Refueling
Interval (uCi)

1.1(2)

2.4(1)

9.8(1)

4.9(1)

6.4(0)

5.2(6)

8.9(5)

2.9(9)

2.6(7)

5.4(6)

133Xe

13lfllXe
85Kr

Time weight averages based on the duration of the
sampling intervals and the total purging durations.

** Releases are measured downstream of HEPA and
charcoal filtration.

* Average normalized release rate is 1.0(-3) uCi/sec/vCi/g.
The average reactor coolant concentration was 1.9(-2)
uCi/g (see Table 8.6).
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TABLE 7.31

RELEASES" DURING NON-REFUELING PERIODSCONTAINMENT BUILDING

Nuclide

1311 ***

13 7 Cs

58Co
60Co

3H

14 C
1 3 3 Xe

13 lmXe
85Kr

Average
Airborne

Concentration
(tiCi/cm3)_

2.o(-8)

3.0(-10)

4.o(-1O)

1.5(-1o)
6.5(-12)

1 .4(-6)
1.1(-6)

4.6(-3)

1.7(-4)

Average
Release Rate

(gCi/s)

2.0(-4)

3.3(-6)

4.4(-6)

1.4(-7)

7.0(-8)

4.8(-l)

1.2(-2)

2.2(3)

8.0(1)

Releases Excluding
Refueling Interval... (DCi)

3.1(2)

5.2(0)

6.9(0)

2.6(-l)

1.l(-l)

7.6(5)

1.8(4)

3.4(9)

1.2(8)

* Not detected due to 0.511 MeV annihilation radiation.

** Releases calculated for 1311 assume a DF of 88 for the charcoal
adsorber. Releases calculated for particulate radionuclides
assume a DF of 50 for the HEPA filter.

*** Annual average normalized release rate in containment purges
is 1.0(-3) pCi/s/pCi/g. Without the charcoal it was 8.8(-2)
pCi/s/uCi/g.
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other radionuclides. To obtain the values for the other radionuclides
the tabulated average airborne radionuclide concentrations (Appendix
Tables B.74, B.82 and B.80) were multiplied by the appropriate exhaust
flow rate and purge duration. The above equation was not used for the
other listed nuclides since the respective leak rates are not known.
However, *based on the 3H leak rate and the radionuclide reactor coolant
concentration, the inleakage of these radionuclides are insignificant
compared to the (CRB x VRB) term in the equation. For the values presented

in Table 7.31 a DF of 50 (section 7.2.3.2) was used for the particulates
(radiocesiums and radiocobalts) and a DF of 1 for 14 C, 1 3 3Xe, 13 Xe and
85Kr.

Table 7.32 presents the percentages of each radionuclide released
during the refueling and non-refueling intervals. The 1311 and 3 H
containment release rates normalized by dividing by the reactor coolant
concentration are presented in Table 7.33. These normalized release
rates are based on containment stack measurements during refueling, and
average release rates (Table 7.31) during non-refueling.

267



TABLE 7.32

CONTAINMENT BUiLDING ANNUAL RELEASES***

(% of Total)

Nuc, ide

1311

13 7Cs
S8Co

60Co
3H

14C
13 3Xe
131nmXe
85Kr

Non-Refueling_

74

18

2

2

3

1

54

80
**r

Refueling

26

82

98

100

98

87

99

46

20

100 t

Total (Ci/y)

4.2(-4)

3.0(-5)

1.0(-4)

4.9(-5)

6.5(-6)

6.0(0)

0.9(0)

6.3(3)

1.5(2)

5.4(0)t

t Total Ci/y is low since 85Kr releases for non-refueling are
not i ncl uded (see ** below).

* Radionuclide not detected during non-refueling interval.

** Although present, the 85Kr was not detected during non-refueling
due to 0.511 MeV annihilation radiation interferences.

* Releases of 1311 and particulate radionuclides measured or
calculated downstream of HEPA and charcoal filters.
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TABLE 7.33

CONTAINMENT BUILDING NORMALIZED RELEASE RATES***

[(UCi/s)/(pCi/g)]

1311 3H

Sample Dates

10/27-11/9/78
11/9-11/20/78
11/20-12/7/78
12/7-12/21/78

Non-refueling
Periods t

Avg. R. C.

1.62(-2)
5.94(-2)

7.0(-3)

1.36(-3)

Normal ized*
Rel ease

3.0(-3)

4.0(-4)

2.7(-4)

1.8(-3)

Avq. R.C.

2.5(-1)

1 .3(-1)

1 .3(-1)

Normal ized**
Release

4.0

6.2

12.9

1.4

1.6(-2) 1 .2(-2) 2.0(-l) 2.4

* See Appendix Table B.75 for release rates (pCi/s).

** See Appendix Table B.83 for release rates (pCi/s).

* Releases of 1311 were measured or calculated downstream of a charcoal
absorber.

t See Table 7.31 for average release rates (pCi/s).
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8. AUXILIARY BUILDING VENTILATION SYSTEM

8.1 System Description and Sampling Methods

Figures 2.1 and 8.1 present, respectively, schematic representations
of the systems feeding the auxiliary building stack and the auxiliary
building ventilation system at Rancho Seco.

The auxiliary building ventilation system at Rancho Seco is designed
to remove heat and potentially contaminated air from the equipment rooms
and open areas of the auxiliary building. Air movement is such that
potentially contaminated air moves from areas of low contamination to
areas of higher contamination and eventually to the exhaust filters for
cleanup. As per design, the building exhaust flow rate (42,300 cfm) exceeds
the supply air flow rate (32,000 cfm).. This results in a slight negative
pressure within the auxiliary building and consequently an inleakage of
outside air, approximately 10,000 cfm, into the auxiliary building.

Components of the auxiliary building ventilation system and the
number of components required for normal operation are listed in Table
8.1. The system basically consists of two supply fans, two exhaust
fans, and cleanup filters. The ventilation system is shown schematically
in Figure 8.2.

Near the start of the in-plant measurement program at Rancho Seco,
plant data indicated that the A and B exhaust HEPA and prefilters had
been in operation approximately 24,700 and 15,700 hours, respectively.
At this time (10/31/78), dioctylphathale (DOP) testing of the A and B
exhaust filters gave, respectively, 99.90 and 99.98 percent efficiencies.
Also, on 10/31/77 the A and B charcoal filters had been in service
approximately 9000 and 7000 total hours, respectively. Freon testing of
the two charcoal filters at that time yielded efficiencies of 99.53% for
the A charcoal filter and 99.60% for the B charcoal filter.

The most recent methyl iodide efficiency testing of the charcoal
exhaust filters was performed on 8/12/77 and 8/8/77 for the A and B
charcoal exhaust filters, respectively. On these dates the rrmethyl
iodide removal efficiency for the A charcoal filter was 99.53 percent
(OF = 213) and at the time of testing the filter had just been installed
new. The B charcoal had a corresponding methyl iodide removal efficiency
of 95.35 percent (OF = 21.5) and had been in service approximately 4600
hours. Data on previously changed out charcoal exhaust filters indicated,
respectively, methyl iodide removal efficiencies, for two separate
charcoal filters, of 65.72 (OF = 2.9) and 89.07 (DF = 9.1) percent for
operational hours of approximately 15,800 and 9000. The significance of
these efficiencies are discussed in more detail in section 8.3.5.

The auxiliary building ventilation duct sampling locations used in
the source term measurement program are shown schematically in Figure 8.1.
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FIGURE 8.1

AUXILIARY BUILDING VENTILATION SYSTEM
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TABLE 8.1

AUXILIARY BUILDING VENTILATION COMPONENTS

Number for
Normal

Number OperationSystem

Auxiliary Building
Exhaust Filters

Auxiliary Building
Exhaust Filters

Auxiliary Building
Exhaust Fans A-542-A,B

Radwaste Area Prefil-
ters

Spent and New Fuel
Area Supply Fan A-541

Spent and New Fuel
Area Supply Air Filters

Radwaste Area Supply
Fan A-543

Radwaste Area Supply
Filters

Make-up Air to
Exhaust hoods (SF-A-6)

Hot Sample Hood
FH-A-3

Waste Gas System
Exhaust Filters

Waste Gas System
Exhaust Filters

Equipment _

Cambridge Absolute HEPA Filters
(T) I-D-l000, w/prefilters (36 per
unit)

Barnebey Cheney-FC Charcoal
Filters (126 per unit)

Buffalo BL-Aerofoil 805 DIDW
(42,300 cfm rated)

Cambridge #43X95 (6 per unit)

Buffalo type "HV"-182B Horizontal
Belt Drive (10,000 cfm rated)

Cambridge Aerosolve Side Flo
SF-D95-40-44 w/Filter Gauge

Buffalo Type "HV"-272A
(22,000 cfm rated)

Cambridge Aerosolve Side Flo
S3P-95 w/Filter Gauges

Carrier Series 398, Type A,
size 060 (3000 cfm rated)

Kiwaunee Airistocrat 6Ff. Hood
Model 351876X, Stainless Steel
(1250 cfm)

Cambridge Aeromold- 3 MAS
HEPA Filter with prefilter
(one each)

Barnebey Cheney FC 727
Charcoal Filter

2 1

2

2

3

1

1

1

1

3

1

1

l

1

1

1

1

I

1 1

I I
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FIGURE 8.2

AUXILIARY BUILDING VENTILATION SYSTEM COMPONENTS
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Specific areas of the auxiliary building which were sampled by each of
the sampling locations are listed in Table 8.2 and shown in Figures 8.3-8.5.
Also included in Table 8.2 and shown in Figure 8.5 are the locations
of the room and area samplers used in the study. It should be noted that
flow rates indicated in Table 8.2 and in Figures 8.3-8.5 aredesign flow
rates. The results of actual flow rate measurements for four of the
sampling stations are shown in Table 8.3. These measurements were performed
by standard pitot tube and helium dilution techniques (6). The pitot
tube and helium detection measurements agree within ten percent. This
is considered excellent agreement and indicates that valid, representative
samples are collected from these sampling locations. The agreement between
the plant design flows and both the helium dilution and pitot tube
measurement was within five percent. This is also considered excellent
agreement and indicates that the ventilation system functions as designed.

For the other sampling locations, pitot tube measurements were not
performed due to physical inaccessibility. Consequently, in mass balance
determinations (sections 8.3.2 and 8.3.3) design flow rates were used
for sampling locations #4-#9 and measured flow rates were used for the
main stack and systems #1, #2 and #3.

The types of samples employed at each sampler location and the
dates of operation are listed in Table 8.4. All samplers, except the
noble gas sampler, are detailed in reference 6. Basically, the particulate
iodine (PI) sampler consists of a HEPA filter and different adsorption
media to collect the elemental, hypoiodious acid, and organic iodine
species. The 14 C- 3H sampler consists of molecular sieve and silica gel
adsorption beds and a Pt-Pd catalytic oxidizer, while the 3H only sampler
has a single silica gel adsorption bed. The noble gas sampler is a
cryogenic distillation unit (13). The noble gases are concentrated in
liquid oxygen and subsequently distilled and collected in a sample
container.

8.2 Measurement Data

The measurement data for the auxiliary building are presented in
Appendix Tables B.33-B.73. Specifically, the total radioiodine and
particulate radionuclide release rate (uCi/s) information for the exhaust
stack and sampling systems #1-#9 inclusive are in Appendix Tables B.33-
B.42. Corresponding data for the room and area samplers, systems #10T-
#13T, are in Tables B.43-B.46.

In Appendix Tables B.51, B.52-B.60 and B.61-B.64 radioiodine
chemical species data are presented, respectively, for the exhaust
stack, systems #1-#9 and the room/area samplers.

Noble gas release rates (uCi/s) from the auxiliary building stack
are presented in Appendix Table B.69. Tritium and tritium species data
are presented in Appendix Tables B.70 and B.71. The 14C data are in
Table B.72. Table B.73 shows results of selected alpha and beta nuclide
analysis.
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TABLE 8.2

AUXILIARY BUILDING VENTILATION SAMPLING SYSTEMS

MAIN STACK: 42,300 cfm

(1) System #1
(2) System #2
(3) System #3
(4) Gland seal exhaust
(5) Steam jet air ejector vent
(6) Waste gas decay tank discharges

SYSTEM #1: 4960 cfm

(1) Counting room
(2) Radiochemical laboratory
(3) Sampling hood exhaust
(4) Containment access and laydown area
(5) Fuel pool corridor
(6) Hot personnel areas

SYSTEM #2: 11,670 cfm

(1) Fuel pool area ventilation

SYSTEM #3: 25,670 cfm

(1) Waste gas decay tank room
(2) Waste gas compressor room
(3) Coolant waste receiver tank room and vent
(4) Coolant waste holdup tank room and vent
(5) Spent regenerant tank room and tank vent
(6) Concentrated boric acid storage tank room
(7) Miscellaneous waste condensate storage tank room
(8) Makeup pump room
(9) High pressure injection pump room

(10) Miscellaneous and radwaste evaporator room and vents
(11) Boric acid evaporator room and vents
(12) Miscellaneous waste and boric acid evaporators' condensate

demineralizer room (D-676 & D-617)
(13) Reactor building spray additive tank room
(14) Reactor coolant system drain tank room
(15) Valve galley
16) Decay heat removal room
17) Resin room

(18) Spray additive pump room
(19) DHR pump room

SYSTEM #4: 7800 cfm

(1) Waste gas decay tank room
(2) Waste gas compressor room
(3) Coolant waste receiver tank room and vent
(4) Coolant waste holdup tank room and vent
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TABLE 8.2 (cont'd)

AUXILIARY BUILDING VENTILATION SAMPLING SYSTEMS

SYSTEM #4: 7800 cfm (cont'd)

(5) Spent regenerant tank room and tank vent
(6) Concentrated boric acid storage tank room
(7) Miscellaneous waste and boric acid evaporators' condensate

demineralizer room (D-676 & D-617)
(8) Miscellaneous radwaste evaporator room
(9) Boric acid evaporator room

SYSTEM #5: 4150 cfm

(1)
(2)
(3)

High pressure injection pump room
Makeup pump room
Resin room

SYSTEM #6: 5100 cfm

(1) Miscellaneous waste and boric acid evaporators' condensate
demineralizer room

(2) Waste gas decay tank room
(3) Waste gas compressor room
(4) Miscellaneous radwaste evaporator room
(5) Boric acid evaporator room

SYSTEM #7: 4250 cfm

(1)
(2)
(3)

Reactor building spray additive
Decay heat removal pump room
Spray additive pump room

tank room

SYSTEM #8: 3615 cfm

(1) Reactor coolant drain tank room

SYSTEM #9: 1250 cfm

(1) Hot laboratory primary sample hood

SYSTEM #10T:

(1) Demineralizer room

SYSTEM #11T:

(1) Decay heat removal room (-20)
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TABLE 8.2 (cont'd)

AUXILIARY BUILDING VENTILATION SAMPLING SYSTEMS

SYSTEM #12T:

(1) Decay heat removal pump room (-47)

SYSTEM #13T:

(1) Pump corridor outside of tank room (-20)

The letter T following a sampling system denotes room or area sample.
These samplers ran at 0.25 cfm.
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FIGURE 8.3
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FIGURE 8.4

AUXILIARY BUILDING EXHAUST VENTILATION - MEZZANINE LEVEL
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FIGURE 8.5

AUXILIARY BUILDING EXHAUST VENTILATION - (-20) LEVEL
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TABLE 8.3

VENTILATION EXHAUST DUCT FLOW MEASUREMENTS

He Dilution Pitot Tube

Station

Main Stack

Radiochemical &
Service Area (#1)

Fuel Handl.i ng
Area (#2)

Radwaste Area #3

Design Flows

42,300

4960

11,670

25,670

He Dilution
Measurement (cfm)

40,400

5000

12,000

24,700

Pitot Tube
Measurement (cfm)

44,500

4800

ll,800

24,800
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TABLE 8.4

AIR SAMPLER OPERATION AND MEASUREMENT PERIODS

Location

Main Stack

System #1

#2
#3
#4
#5
#6
#7
#8
#9
#1OT

#11T
#12T
#13T

Dates

9/11/78 to 3/13/79

10/23/78 to 2/28/79

9/14/78 to 3/1/79

9/14/78 to 3/13/79

9/14/78 to 3/13/79

1/8/79 to 3/13/79

1/8/79 to 3/1/79

1/25/79 to 3/13/79

1/26/79 to 3/13/79

1/26/79 to 3/13/79

2/9/79 to 3/13/79

11/11/78 to 12/21/78

11/28/78 to 12/7/78

12/21/78 to 12/31/78

12/21/78 to 1/18/79

Sampler Types

Particulate-Iodine (P-I), 14C-3H

Noble gas

Appendix Table #

PI,

PI,

PI,

PI,

PI,

PI,

PI 0

P1,

PI

PI

PI

Pi

PI

3H Installed (12/21/78)
14C- 3H Installed (10/12/78)
14C- 3H Installed (10/12/78)
3H Installed (2/4/79)
3H Installed (2/5/79)
3H
3H
3H

B.33,

B.69

B.34,

B. 35,

B.36,
B.37,

B.38,

B.39,

B.40,

B.41,

B.42,

B.43,

B.44,

B.45,

B.46,

B.51, B.70, B.72

B.52,

B.53,

B.54,

B.55,

B.56,

B.57,

B.58,

B.59,

B.60

B.61

B.62

B .63
B.64

B.70, B.72

B.70, B.72

B.70, B.72
B.71

B. 71

B.71

B. 71

B.71
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Tables B.47-B.50 and B.65-B.68 present total radioiodine and
particulate information of coolant waste holdup and receiver tanks'
cover gases.

8.3 Results and Discussion

8.3.1 Normalized 1311 and 3H Release Rates

A convenient means of comparing the radioactive release rates
from different PWR's is to normalize the radionuclide release rates to
their respective reactor coolant concentrations (14,17).

The equation used for normalization is:

R IG
R=

IW1W

where R, IG, and IW are, respectively, the normalized release rate

[(vCi/s)/(vCi/g)], the radionuclide gaseous release rate (VCi/s) and
the radionuclide concentration in the reactor coolant (uCi/g).

The reactor coolant concentration, IW, is the average concentration

over the sampling period and is used to determine the normalized gaseous
release rate. For radioiodines, a phenomenon commonly called iodine
spiking (i.e., the reactor coolant radioiodine concentrations become
elevated) occurs following a reactor power level transient. To obtain a
more accurate normalized release rate these elevated reactor coolant
radioiodine concentrations should be included in the normalized release
rate calculations. However, in past studies (2,3,14), data were not
available for inclusion of the iodine spiking effects. Furthermore, the
normalized release rate would be most useful if it could be applied to
average coolant concentrations, e.g., those in standard ANSI N237.
Consequently, to maintain consistency with past studies and to evaluate
the effects of iodine spiking on normalized release rates, normalized
release rates are presented by both including and excluding the iodine
spiking effect. In the former case, the reactor coolant radioiodine
concentrations (Tables 8.5 and 8.7) used for normalization were based on
a time weighted average of the reactor coolant concentrations measured
during the corresponding gaseous sampling interval. In the latter case
(iodine spikes excluded) the reactor coolant radioiodine concentrations
used, when possible, were the average baseline concentrations during the
corresponding gaseous sampling interval (Tables 8.6 and 8.8). When it
was not possible to determine an average baseline 1311 reactor coolant
concentration, a time weighted 1311 reactor coolant concentration was
used. This was done for the first three sampling intervals during the
refueling outage. Consequently, the time weighted 1311 reactor coolant
concentrations used could be elevated somewhat due to iodine spiking.
However, since the reactor was at zero power for these three sampling
intervals, the time weighted averages should approximate true baseline
values. It should also be noted the actual refueling outage (zero power)
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TABLE 8.5

AUXILIARY BUILDING STACK NORMALIZED 1311 RELEASE

(Including Spikes)

RATES UPSTREAM OF EXHAUST FILTERS

Sampling Date//
Sampling Period

9/13-9/27 //1

9/27-10/12 //2

10/12-10/26 /1/3
10/26-11/9 //4

11/9-11/20 //5*

11/20-12/7 //6*

12/7-12/21 //7*

12/21-1/4 //8*

1/4-1/18 //9

1/18-2/1 //10

2/1-2/15 //11

2/15-3/1 //12

3/1-3/13 //13

Release'

5.9(-4)

8.9(-5)

2.8(-4)
7.5(-5)

1.7(-2)

1.5(-3)

3.8(-4)

9.3(-4)

9.9(-4)

4.7(-4)

7.6(-5)

1.4(-4)

1.5(-4)

Reactor Coolantt

(CiC ../q)

1.97(-2)

1.60(-2)

6.00(-2)

1.71(-2)

5.94(-2)

7.00(-3)

1.36(-3)

3.32(-2)

1.21(-2)

2.96(-2)

9.30(-3)

1.54(-1)

9.54(-3)

Normalized Release
( VCi/g )

3.o(-2)
5.6(-3)

4.7(-3)

4.4(-3)

2.9(-1)
2.1(-l)

2.8(-1)
2.8(-2)

8.2(-2)

1.6(-2)

8.2(-3)

9.1(-4)

1.6(-2)

,vg. 7.5(-2)

Ava.

Before
Refueling
1.1(-2)

During
Refueling
2.o(-l)

After
Refueling
2.5(-2)

t Time weighted average 1311 reactor coolant concentration.

* During Refueling

** Sum of sampling systems #1-43.
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TABLE 8.6

AUXILIARY BUILDING STACK NORMALIZED 1311 RELEASE RATES UPSTREAM OF EXHAUST FILTERS

(Excludinq Spikes)

Sampling Date//
Sampling Period •

9/1 3-9/27 //1

9/27-10/12 //2

10/12-10/26 //3

10/26-11/9 //4

11/9-11/20 //5"t1
11/20-12/7 //6i"

12/7-12/21 //7tt

12/21-1/4 //8tt

1/4-1/18 //9

1/18-2/1 M/10

2/1-2/15 //ll

2/15-3/1 //12

3/1-3/13 //13

Rel ease*
(VCl/s)

5.9(-4)

8.9(-5)

2.8(-4)

7.5(-5)

1.7(-2)

1.5(-3)

3.8(-4)

9.3(-4)

9.9(-4)

4.7(-4)

7.6(-5)

1.4(-4)

1.5(-4)

Reactor Coolantt
(1Cil.()

1.62(-2)

1.62(-2)

1.62(-2)
1 .62(-2)

5.94(-2)**

7.00(-3)**

1 .36(-3)**

8.83(-3)

8.83(-3)

8.83(-3)

8.83(-3)

8.83(-3)

8.83(-3)

Normalized Release
C, ClS

3.6(-2)

5.5(-3)

1.7(-2)

4.6(-3)

2.8(-1)
2.1(-1)

2.8(-1)

1.1(-1)

1.1(-1)

5.3(-2)

8.6(-3)

1 .6(-2)

1.7(-2)

Avg. 8.8(-2)

Avg.

Before
Refuel i ng
1 .6(-2)

During
Refueling
2.2(-l)

After
Refueling
5.3(-2)

Annual
Average ***
5.6(-2)

t Baseline concentration of 1311 in reactor coolant unless noted.

tt During Refueling

* Sum of sampling systems #1-#3.

** Time weighted 1311 reactor coolant concentration.

*** Assumes 50 days at 0.22 uCi/s/ICi/g and 315 days at 0.03 uCi/s/uCi/g.

285



TABLE 8.7

AUXILIARY BUILDING STACK NORMALIZED 1311 RELEASE RATES DOWNSTREAM OF EXHAUST FILTERS

(Including Spikes)

Sample Period

1

2

3

4

5

6

7

8

9

10

11

12

13

Release **
(UciLs)

3.7(-6)

2.4(-6)

4.8(-6)

8.7(-7)
7.7(-5)*

1. 7(5)*
3. 5(5)*

5.5(-5)*
1 .o(-4)

4.9(-6)
3.2(-7)

<7.2(-6)

<2.8(-6)

Reactor Coolant t
(UCilq)

1.97(-2)

1.60(-2)

6.0(-2)

1.71(-2)

5.94(-2)

7.00(-3)

1.36(-3)

3.32(-2)

1.21(-2)

2.96(-2)

9.30(-3)

1.54(-l)

9.54(--3)

Normalized Release

1.9(-4)

1.5(-4)

8.0(-5)

5.1(-5)

1.3(-3)

2.4(-3)

2.6(-2)

1.7(-3)

8.3(-3)

1.7(-4)

3.4(-5)

<4.7(-5)

<2.9(-4)

Avg. 3.7(-3)

Ave.

Before
Refueling
1.2(-4)

During
Refueling
7.8(-3)

After
Refueling
2.8(-3)

1- Time weighted average of 1311 reactor coolant concentration.

During Refueling.

Release rate in auxiliary building stack.
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TABLE 8.8

AUXILIARY BUILDING STACK NORMALIZED 1311 RELEASE RATES DOWNSTREAM OF EXHAUST FILTERS

(Excluding Spikes)

Sample- Period

1

2

3

4

5

6

7

8

9

10

11

12

13

Rel ease*

3.7(-6)

2.4(-6)

4.8(-6)

8.7(-7)

7.7(-5)1'1
1.7(-5)i'"

3.5(-5)"*'
5. 5 (- 5 )tt

1.o(-4)
4.9(-6)

3.2(-7)

<7.2(-6)
<2.8(-6)

Reactor Coolantt
(Liclg)

1.62(-2)
1.62(-2)
1.62(-2)

1.62(-2)
5.94(-2)**

7.00(-3)**

1.36(-3)**

8.83(-3)

8.83(-3)

8.83(-3)

8.83(-3)

8.83(-3)

8.83(-3)

Normal ized Rel ease
VCiBs )

2.3(-4)

1 .5(-4)

3.0(-4)

5.4(-5)

1.3(-3)

2.4(-3)

2.6(-2)

6.2(-3)

1.1(-2)

5.5(-4)

3.6(-4)

<8.1(-4)

<3.1 (-4)

Avg. 4.4(-3)

Before
Refuel i ng
1.8(-4)

During
Refueling
9.0(-3)

After
Refueling
4.0(-3)

t Baseline concentration of 1311 in reactor coolant unless noted.

tt During Refueling

* Release rate in auxiliary building stack.

** Time weighted 1311 reactor coolant concentration.
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was between 11/14/78 and 12/19/78, but the samples which best reflect
the refueling outage are samples 11/9/78 to 1/4/79 inclusive since full
power operation was not attained until 12/28/78.

Tables 8.5 and 8.6 present the 131I normalized release rates from
the auxiliary building upstream of the exhaust cleanup filter with the
reactor coolant iodine spikes included and excluded, respectively. The
corresponding 1311 normalized release rate data, downstream of the
auxiliary building exhaust filters, are presented in Tables 8.7 and 8.8.
Also presented in Tables 8.5-8.8 are the average before, during, and
after refueling normalized release rates. To determine these averages
only positive values were used, i.e., no less thans. The actual 131I

release rates (vCi/s) and reactor coolant concentrations ( Ci/g) are
taken from Appendix Tables B.33-B.36 and B.I-B.2, respectively.

From examination of Tables 8.5-8.8 three phenomena should be noticed:
(1) Both the normalized and actual release rates during the refueling
interval are consistently higher than during the intervals prior to and
following refueling, (2) the inclusion of the 1311 reactor coolant
spiking concentrations decreases the overall average normalized release
rates by approximately 15% only, and (3) the exhaust filters have a
significant effect in decreasing the normalized rates (see section 8.3.5
for decontamination factor discussion).

From the first two observations it can be concluded that the inclusion
or exclusion of 1311 reactor coolant concentrations in.the normalized
release rate determinations at Rancho Seco did not have a significant
effect on the average normalized release rates during refueling and that
higher releases from the auxiliary building occur during refueling. In
regard to the latter observation, its significance and utility for
evaluating effluent treatment systems is not emphasized until the normalized
release rates of different PWR's are compared.

The 1311 normalized release rates of other PWR's studied in the
in-plant measurement program (2,3,4) and of other PWR's studied by
other investigators (14) are shown in Table 8.9. The releases presented
are the total plant normalized releases without charcoal filtration,
from all sources, to the environment and do not include iodine spiking
reactor concentrations in the normalization. Of the plants studied in
the in-plant measurement program, Rancho Seco is the only plant which
had charcoal exhaust filters on all off-gas systems. At Zion and Ft.
Calhoun, off-gases from only the fuel handling and cubicle areas passed
through charcoal filters prior to discharge to the environment with the
majority of the off-gas discharged without treatment. At Turkey Point
no charcoal filters were in use. With the exception of Turkey Point, the
normalized release rates are quite similar among the plants studied in
the In-Plant Source Term Measurement Program.
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TABLE 8.9

ANNUAL 1311 NORMALIZED RELEASE RATES FROM PWR's

[(•Uci/s)/(UCt/g)]

Fort Calhoun['] Zion[ 2 ] Turkey Point[31  Rancho SecoF4 1 Others[5 1

0.30 0.30 2.9 0.13 0.07

0.15[6] 1.45[61

[I] Data from reference 2. Fort Calhoun is a single unit plant.

[2] Data from reference 3. Zion is a two unit plant.

[3] Data from reference 4. Turkey Point is a two unit plant.

[4) Includes normalized release rate from the containment building
(0.07 uCi/s/uCi/g, see Table 7.30) and the auxiliary building stack
(0.056 UCi/s/lCi/g, see Table 8.6).

[5) Average of the three PWR's studied in reference 14.

[6] Normalized release rate per reactor unit.
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For 3H the normalized release rates are not subject to reactor
power level transients. The 3H normalized release rates are shown in
Table 8.10 and are taken from data in Appendix Tables B.70 and B.2.
The average 3H normalized release rate value is 11.3 E(vCi/s)/(pCi/g)]
with a higher value occurring during refueling (18.0 [(VCi/s)/(PCi/g)].
The average value compares with a value of 2.9 [(pCi/s)/(pCi/g)] observed
at Turkey Point Station (two units) and an average value of 4.3 [(vCi/s)/(VCi/g)]
measured at three other PWR's (14).

8.3.2 Sources of 1311 and Annual Releases

Shown in Table 8.11 are the 1311 release rates from the
auxiliary building (total systems #1-#3) and the percentage contribution
of each sampling system contributing to the total auxiliary building
release. These data are taken from Appendix Tables B.33-B.42. It should
be emphasized that the total of stations #l-#3 are release rates prior to
the exhaust cleanup filters. The actual releases from the auxiliary
building are those designated main stack. Of course, the differences in
the sampling station #1-#3 total and the main stack releases are due to
the cleanup of the auxiliary building exhaust filters (Section 8.3.5).
It should also be noted that sampling system #4 is not included in Table
8.11. Instead, the contribution from the area designated tank room is
included since the tank room is obtained from the difference in systems
'#4 and #6 (Figure 8.2).

From Table 8.11 it is apparent that systems #1 and #3 are consistently
the major contributors to the auxiliary building releases, except during
the refueling period. During refueling, the refueling area (system #2)
was a significant contributor. The average release rates from the
auxiliary building stack before, during and after refueling were, respectively,
2.9(-6), 4.6(-5), and 3.5(-5) uCi/s. Based on these values and the average
percent contributions of systems #1, #2, and #3 to the before, during
and after refueling intervals, the distribution shown in Table 8.12 is
obtained.

Table 8.13 shows the percent contribution of each sampling system
located upstream of sampling stations #1 and #3 (Figure 8.2). The
information presented in this table is based on mass balance data. From
the table it can be concluded that the principal contribution to system
#3 releases is the tank room area. This is supported by a chemical
iodine species comparison made of system #3 and the tank room area
(Table 8.14). This comparison is considered to have excellent agreement
and indicates that the tank room is the source of iodine in system #3.
It should also be noted that the decontamination area (Figure 8.2) is
not a significant contributor of activity.

The tank room area houses seven separate tanks - two coolant waste
receiver tanks, two spent regenerant tanks, two coolant ý,ater holdup
tanks and a concentrated boric acid storage tank (Figure 8.5). With the
exception of the concentrated boric acid storage tank, each of the other
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TABLE 8.10

AUXILIARY BUILDING 3H NORMALIZED RELEASE RATES

(Downstream of Filters)

Sample Period

1

2

3

4

5

6

7

8

9

10

11

12

13

Release
uCt/s

1.65

1.56

1.76

1.87

NS t

2.0 t

2.5 t

2.5 t

2.7

2.3

2.3

NS

3.0

Reactor Coolant*

2.2(-1)
2.2(-l)

2.2(-1)
2.2(-l)

2.2(-l)

2.3(-1)
1 .3(-1)

1.3(-1)

2.6(-1)
2.6(-l)
2.6(-1)
2.6(-1)

2.6(-l)

Normalized Release

7.5

7.1
8.0

8.5
NS

16.5

18.8
18.8

10.4
8.8
8.8

NS

11.5

Avg. 11.3

-Avg.

Before
Refuel ing
7.8

During
Refuel ing
18.0

After
Refuel i ng
9.9

* Average 3 H reactor coolant concentration.

t During Refueling
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TABLE 8.11

CONTRIBUTION OF EACH SYSTEM TO AUXILIARY

Sample Period

9/1 3-9/27

9/27-10/12

10/12-10/26

10/26-11/9

11/9-11/20 (4)

11/20-12/7 (4)

12/7-12/21 (4)

12/21-1/4 (4)

1rol/4-1/18

1/18-2/1

2/1-2/15

2/15-3/1

3/1-3/1 3

PERCENT

Systems(%)
#1 #2 #3

17 * 83

BUILDING 1311 RELEASE

19

24

32

1
1

5

24

49

32

44

24

1

<1

3

47

13

1

1

<1

1

<1

80

76

68

96

52

86

94

75
51(1)

67(1)

56(1)

76(0)

Tank
Room**

t

t

t

t

t

t

47.4(l)
51.7(l)

26.4(1)

59.9(l)

t1

i.

1t

t1

1*

37.1(1)

3.(l

t

t

t

t

t

1.9(1)

7.7(1)

14.4(1)
1.8(1)

t

t

t

t

t

t

t

t
0.3(l):

9.7(l)
9.5(1)

*1-
t

*.f

1.8(l)

1.8(1)

4.8(1)

Total #1-3
Release

#5 #6 #7 #8 #9 pci/s

±f

t

t

t

t

t

t

t

t
32.0(2)

28.7(2)

14 .2(2)

5.9(-4)
8.9(-5)

2.8(-4)

7.5(-5)
1.7(-2)

1.5(-3)

3.8(-4)

9.3(-4)

9.9(-4)

4.7(-4)
7.6(-5)

1.4(-4)

1.5(-4)

Main Stack

3.7(-6)

2.4(-6)

4.8(-6)
8.7(-7)

7.7(-5)
1.7(-5)

3.5(-S)
5.5(-5)
1 .0(-4)
4.9(-6)
3.2(-7)

*=

Ai

Avg. 2.7(-5) :

(1) Percentage breakdown of sampling station upstream of sampling station #3. Stations #3-#8, for this period are
averages of two one-week samples.

(2) Percentage contribution of Station #9 to Station #1.

(3) Only positive values were used in averaging, i.e., lower limits of detection were not used.

(4) During refueling interval. The average auxiliary building main stack release rates before, during, and
after refueling were, respectively, 2.9(-6), A.A(-5), and 3.5(-5) VCi/sec. Nolower limits of detection were user
in the average.

* 1311 not detected in sample.

** Tank. room is difference between sample state #4 and #6.

t Sampler not installed.
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TABLE 8.12

PERCENT CONTRIBUTION OF SYSTEMS #1, #2, AND #3

BEFORE, DURING, AND AFTER REFUELING*

Before
RefuelingSampling Station

#1

#2

#3

7.0(-7)
(24%)

2.9(-8)
(1%)

2.2(-6)
(75%)

2.9(-6)

During
Refuel ing

9.0(-7)
(2%)

7.2(-6)
(16%)

3.7(-5)
(82%)

4.5(-5)

After
Refueling

1 .2(-5)
(34%)

3.5(-7)
(1%)

2.3(-5)
(65%) -

3.5(-5)Total
(pCils)

* Percentages represent average contribution of each
system to the main stack releases.
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TABLE 8.13

PERCENT DISTRIBUTIONS OF SAMPLING

System #1 and #3

Sampling Date

1/18-2/1

2/1-2/15

2/15-3/1

3/1-3/13

Tank Roomt

93.0

77.1

47.1

78.8

Sampling System (%)

0.9 3.7 0.6

<0.1 11.5 8.6

6.6 25.7 17.4

2.4 12.5

#8t

1.8

2.7

3.2

6.3

#9÷t

100

65

60

1t

1**

Component of System #3

Component of System #1

No sampler

Not detected
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TABLE 8.14

IODINE SPECIES COMPARISON BETWEEN TANK ROOM * AND SYSTEM #3

Sample
Sampl e
Period 1/25-2/1 2/1-2/8 2/8-2/15 2/15-2/22 2/22-3/1 3/1-3/8

Species #3 TR #3 TR #3 TR #3 TR #3 TR #3 TR

Part. I 0.9 0.3 0 0.4 0 1.5 5.3 11.3 2.2 2.5 2.5 2.5

12  5.5 0.5 18.0 13.2 17.5 15.3 12.7 13.3 14.1 13.8 24.3 12.3

HOI 4.6 2.0 25.7 22.3 28.2 19.1 16.4 12.7 21.8 32.4 29.8 35.6

Organic 87.4 97.5 55.3 64.5 54.3 64.7 65.7 73.3 62.0 54.4 43.4 50.0
Iodine

* Tank Room is obtained by the difference for each chemical iodine species between systems #4 and #6.

3/8-3/13

#3 TR

0 1.8

18.9 10.8

21.3 13.4

59.8 73.3



tanks has a cover-gas vent which feeds directly into the building
ventilation system. Consequently, any time liquid is added to a tank,
the cover-gas in the tank is discharged to the building ventilation. Since
it was not possible to monitor these tank vents directly due to physical
inaccessibility, an alternate approach was taken to determine which tank
was contributing to system #3 releases.

The approach taken was to sample the cover gas and liquids in the
tanks if possible. Both cover gas and liquid samples were taken of
the reactor coolant receiver and storage tanks; however, only liquid
samples could be obtained of the spent regenerant tanks since the system
used to collect the gaseous samples (the automatic gas analyzer) is not
designed to collect samples from the spent regenerant tanks. For this
reason the results of the two gaseous samples collected were inconclusive.
However, the results of the liquid samples (Table 8.15) indicate that
the spent regenerant tanks (T-689 A & B) were the major source of 1311

in the tank room area. In fact, if it is assumed that the ratio of the
iodine in the cover gas to the iodine in the liquid in the different
tanks are the same (i.e., they have the same partition factors), calculations
show that in excess of 90 percent of the iodine in the tank room area
comes from the spent regenerant tank. These calculations are based on
the airborne concentrations measured in the cover gases (Appendix Tables
B.47-B.50) and the design tank vent flow rates.

One of the components contributing a portion of the activity to
system #1 is the primary system sampling hood (see Figure 8.1). Based
on past studies (2), an iodine species sampler, system #9, was placed on
the hood ventilation exhaust. Table 8.13 presents the percent contribution
of system #9 to system #1. As indicated, system #9 contributes greater
than 60 percent to system #1. A comparison of the chemical iodine
species (Table 8.16) confirms that the sampling hood is the most significant
source of 1311. Furthermore, the species distribution supports a previous
hypothesis (2,3) that sources of iodine closer in time to the reactor
coolant have a larger elemental iodine (12) fraction.

8.3.3 Sources of Particulates and Average Releases

Average release rates of particulate radionuclides for
systems #1, #2 and #3 are shown in Table 8.17. These data are taken
from Appendix Tables B.33-B.42. Only the nuclides 58 Co, 60Co, 1 34 Cs,
and 13 Cs are included since other nuclides were seldom detected. As
Table 8.17 shows, the average fractional contributions of all particulates
indicates system #3 to be the principal contributor. Attempts were made
to further isolate the sources of particulates in system #3 by analyzing
the results of particulate filter analyses from systems #4 through #8.
However, due to the low particulate concentrations observed and the
associated large errors, the exact source could not be determined. It
should be noted that the particulate releases in systems #1, #2, and #3
are not released to the environment, but to the exhaust system cleanup
filters.
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TABLE 8.15

1311 ANALYSIS OF TANK LIQUIDS (TANK ROOM AREA)

(UCil/a 3 )

Date

10/10

1/24

1/24

2/9

2/28

T-607 A&B

<1 .0(-6)

1.4(-5)

1.3(-5)

2.0(-6)

7.9(-6)

Date

9/13

10/5

10/17

10/18

11/2

11/2

1/16

1/17

2/6

2/6

2/7

T-610 A&B

2.3(-7)

2.6(-7)

2.5(-7)

<1 .6(-7)

<1 .2(-6)

1.9(-7)

3.0(-6)

<5.2(-6)

1 .5(-6)

1.6(-6)

1.0(-6)

Date

9/25

9/25

10/25

11/14

1/16

1/16

2/2

2/3

2/3

2/15

2/15

T-689 - A & B

9.5(-4)

9.3(-4)

2.6(-5)

2.1(-4)

5.8(-4)

5.4(-4)

3.4(-4)

2.2(-4)

3.2(-4)

1 .0(-4)

9.7(-5)

Tanks T-607 A & B, T-610 A & B and T-689 A are, respectively, the
coolant waste receiver, the coolant waste holdup, and the spent
regenerant tanks.
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TABLE 8.16

IODINE SPECIES COMPARISON

BETWEEN STATIONS #9 * AND #1

Sample
Period

Species

Particulate
Iodine

12

HOI

Organic
Iodine

2/1-2/15

#1 #9

11.6 2.0

2/15-3/1

#1L #9

3.0 5.6

3/1-3/13

#1 #9

6.8 14.1

58.1

15.5

13.2

60.0

17.1

20.9

67.9

19.1

8.0

70.3

15.9

8.2

67.5

16.9

8.8

57.5

18.7

9.8

* Hot Lab Sample Hood
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TABLE 8.17

SAMPLING SYSTEM CONTRIBUTIONS TO THE PARTICULATE RELEASE

System Average Activity
(tiCIls)*

Nucl ide

SeCo
6 OCo

134Cs

137Cs

#1

1 .6(-6)

2.0(-7)

1.4(-7)

2.4(-7)

#2

6.7(-5)

7.6(-6)

9.6(-7)

7.4(-7)

#3

3.8(-4)

2.3(-5)

1.5(-6)

2.3(-6)

Total

4.5(-4)

3.1(-5)

2.6(-6)

3.3(-6)

Percent of Activity
Contributed (%)

#1 #2 #3

0.3 15.0 84.7

0.8 24.7 74.5

5.4 36.9 57.7

7.3 22.6 70.1

3.4 24.8 71.8Average - all particulates

I I

* Averages are based on measured data only, no less than values were used.
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Average releases of particulate radionuclides from the auxiliary
building stack are presented in Table 8.18. The release rates were
calculated from data in Appendix Table B.33. It should be noted that the
measured average release rates for radiocesiums were higher downstream
of the filter than upstream. Possible reasons for this are discussed
in Section 8.3.5.

8.3.4 Sources of 3H and 14 C and Annual Releases

The individual gaseous 3H and 14C release rates for each
sampling period measured in the in-plant measurement program are presented
in Appendix Tables B.70-B.72.

The estimated annual releases for 3H and 14C from the auxiliary
building were respectively 69 and 2.7 Ci/year. The average 3H and 14C
chemical species distribution (Appendix Table B.70 and B.72) indicated
that 99.8 and 67.5 percent of the 3H and 14 C were present as the oxidized
species.

A comparison of the 14 C and 3H annual releases from Rancho Seco
with other PWR's studied (2,3,4) indicates that releases of 3 H from
Rancho Seco are significantly higher (Table 8.19). This higher release
rate can be explained by the reactor coolant water handling policy at
Rancho Seco, where the water is not discharged but is processed and
reused. Consequently, long-lived isotopes, not removed in the cleanup
systems, continue to concentrate in the waters the longer the plant
operates. As a result the 3H release rate increases each year the plant
operates. This increase will continue until an equilibrium value is
established where the 3H release rate equals the formation rates.

The 3 H data for sampling stations #1-#3, the sum of sampling stations
#14-3, and the auxiliary building stack are in Appendix Table B.70.
As shown, the auxiliary building stack 3H values consistently exceed
the sum of sampling stations #1-#3. One source of this discrepancy may
be the sampling location of the #2 3H-14C sampler, which was different
than that used for the iodine species sampler. The sample point in the
fuel handling building duct was in the far end of the duct and the air
at that point may not have been representative of the fuel handling
building air. Therefore, the 3H values reported for the fuel handling
area may be significantly low. Other components evaluated which feed
the auxiliary building stack downstream of the #1-#3 sampling stations
are the waste gas processing system, the steam jet air ejector (SJAE),
and the gland seal vent (see Figure 2.3). Since the average 3H released
from a WGDT discharge is 3.57(2) vCi (Table 7.2) and the amount of 3H
released from the auxiliary building stack during a nominal two week
sampling interval is approximately 2.7(6) UCi, approximately 3600 WGDT's
would have to be discharged in a two-week period to account for the
difference in the observed auxiliary building releases (sum of sampling
stations #1-#3) and the main stack releases. In regard to the SJAE and
the gland seal vent, it can be shown the 3H concentrations in the secondary
system waters must be on the order of l(-l) vCi/cm3 to account for the
difference. The measured 3H concentrations were nominally 1(-5) VCi/cm3.
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TABLE 8.18

AVERAGE RELEASE RATES OF PARTICULATE RADIONUCLIDES

FROM THE AUXILIARY BUILDING**

Average Release Rate
Nuclide (VCi/s)*

58Co 9.3(-7)

6 0 Co 4.8(-6)

134 Cs 1.5(-5)

1 3 7 Cs 2.1(-5)

* Averages are based on positive values only, no less-than values
were used.

** Release rates are measured downstream of the HEPA filter.
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TABLE 8.19

EXTRAPOLATED ANNUAL 14C AND 3H RELEASES (Ci/y)

3H

14C

Ft. Calhoun*

1.6

1.2

Total Plant

Zion** Turkey Pointt

30.7 15.8

6.5 7.3

Rancho Seco

69

2.7

3H

14C
1.6

1.2

15.35

3.25

Per Unit

7.9

3.65

69

2.7
I : m - • -

* Data obtained

* Data obtained

t Data obtained

from reference 2.

from reference 3.

from reference 4.
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Consequently, the SJAE and gland seal vent do not account for the observed
difference and the reason for the difference is unknown. This leaves the
#2 sampling location as the most probable cause of the discrepancy.

Table 8.20 presents the percent distributions of 3 H for sampling
systems #1-#3. As shown the fuel handling area is the major contributor
of 3H (average 62%) in the auxiliary building.

Since it was not possible to install a 14 C sampler on sampling
system #1 the percent contributions within the auxiliary building could
not be obtained. The 14C distributions for systems #2 and #3 are shown
in Appendix Table B.72. The interesting item to note in Table B.72 is
the change in chemical species in system #2 before, during, and after
refueling. Before refueling, the predominant 14C species was oxidizable
while during and after refueling, the predominent species was oxidized
14C.

8.3.5 Charcoal and HEPA Filter Decontamination Factors

In Section 8.1 the charcoal and HEPA filtering systems in
the auxiliary building are described in detail. In addition to the
auxiliary building filter bank, consisting of, in order of flow, prefilters,
HEPA filters and charcoal filters, there are filters within sampling
system #3 (Figure 8.2). To obtain an estimate of the particulate decon-
tamination factor for these prefilters, tile data from the sampling
systems feeding system #3 were summed and compared to the measured
particulate values in system #3 (Table 8.21). As indicated in Table
8.21 the Decontamination Area of the auxiliary building is not included
in the total of the different systems feeding system #3 since the Decontamination
Area was unmonitored (Figure 8.2). However, as the decontamination area
has a prefilter and a HEPA filter on its exhaust, contribution to the
particulate concentrations in the duct should be very small. Consequently,
it can be concluded that within the uncertainties of the measurements
the prefilters do not significantly affect the particulate releases.
The data used in Table 8.21 were taken from Appendix Tables B.36-B.41.

Appendix Tables B.33-B.36 present, respectively, the results of
particulates measured in the auxiliary stack and systems #I-#3. From
these data average DF's of the auxiliary building exhaust filter bank
were determined for the radiocesiums and radiocobalts. The DF's were,
respectively, 32 and 1.2 for the radiocobalts and the radiocesiums. The
reason for the variability is related to the frequency the radionuclides
were observed and to the observed radionuclide concentrations. The low
DF for the radiocesiums is mainly the result of measuring relatively
high 137Cs release rates in the stack downstream of the filter during
the outage without measuring correspondingly high rates upstream of the
filter. For example, Tables B.33-B.36 show that for the period beginning
12/7 a release rate of 1 3 7Cs of 1.3(-4) VCi/sec was measured downstream.
The corresponding upstream measurement was 4.7(-6) uCi/sec. This means
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TABLE 8.20

3H FEEDER CONTRIBUTIONS TO THE AUXILIARY BUILDING SUM

(IN PERCENT)

Samnple Date

10/12-10/26

10/26-11/9

11/9-11/20**

11/20-12/7**

12/7-12/21**
12/21-1/4 *

1/4-1/18

1/18-2/1

2/1-2/15
2/15-3/1

3/1-3/13

* Oxidized 3H

System
(Percent of Total)

#1* #2

t 32

t 53

t 59

t 57

t 84

<1 82

<1 70

<1 94

1 84

1 32

<1 10

#3

68

47

41

43

16

18

30

6

15

67

90

Feeder
Total

.(Cils)

1.35

0.89
1.00

1.00
1.54
1.93

1.99
1.17

0.51
0.30
1.02

sampler only on system #1.

** During Refueling

t No sample on system #1.
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TABLE 8.21

SYSTEM #3 PREFILTER DECONTAMINATION FACTORS

Sta #7

Off Date

1 3 4 Cs:

2/1
2/8
2/15
2/22

Sta #4
pCi/s

<3.0(-7)
1.9(-7)
<1.1(-7)
<2.9(-7)

Sta #5 Sta #6
,pCi/s uCi/s

137CS:

2/1
2/8
2/15
2/22

5 80

2/1
2/8
2/15
2/22

5.1(-7)
4.9(-7)
2.0(-7)
3.0(-7)

8.4(-6)
3.4(-6)
1.7(-6)
4.8(-6)

1.2(-6)
2.6(-7)
5.0(-7)
9.9(-7)

1.4(-7)1 0(-7)
I•3(-7)

<2.9(-7)

3.8(-7)
1.7(-7)
1I(-7)

4.4(-7)
2.9(-7)8.3 -8)
<2.9(-7)

3.9(-8)
<1 .3(-7)
<3.5(-8)
<4.2(-7)

7.9(-8)
<1 .6(-7)
<1 .2(-7)
<4.4(-7)

7.8(-8)
5.5(-7)
6.8(-7)
1 .0(-6)

Sta #7
pCi/s

<8.3(-8)
<7:6 -8).

<3.3(-7)

<2.61-7)<7.7(-8)
<l. 1 (-7)
<3.7(-7)

1.6(-7)
<1 .6(-7)
<1 .o(-7)
<5.2(-7)

<2 2(-7)<1.:8 -7)
<4.8(-8)
<3.1 (-7)

Sta #8pci/s

<1 .3(-7)
<4.4(-8)
<1 .9 (-8)
<3.1(-7)

<8.5(-8)
<9.3(-8)
<8.6(-8)
<3.0(-7)

2.0(-7)
<1 .0(-7)
9.8(-8)
<2.2(-7)

<2:2 -7)
<1 .- 7)
<6.3(-8)
<3.3(-7)

Sta #3

<6.7(-7)
1.9(-7)
<1 .6(-6)
<3.1 (-7)

4.9 -7)

1 .0(-6)
<7.8(-7)

8.4(-6)
3.4(-6)
5.9(-6)
8.5(-6)

8.3(-7)
2.6(-7)
2.6(-5)
9.9(-7)

DF

>0.21
1.5
>0.08

1.1
1.3
0.35
>0.65

1.5
1.1
0.32
0.56

60Co:

2/1
2/8
2/15
2/22

<2.0(-7)
<1 .6(-7)
<5.9(-8)
<3.6(-7)

2.3(-7)
<2.4(-7)
1.1(-7)
<4.4(-7)

1.4
1.0
0.02
1.0
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that either there was another source upstream of the filter which was
not measured by either samplers #1, #2 or #3 or there was a source which
was exhausted downstream of the filter. The former explanation is more
likely, and it means that the inlet concentrations were really much higher
during this period. This, in turn, means that the DF was much higher than
indicated.

In Table 8.22 the 1311 DF's across the auxiliary building filter
bank are tabulated. In Table 8.23 decontamination factors for tile
different iodine chemical species are presented. Only positive values
were used to calculate the average values presented in these tables.
Also, as the sum of sampling stations #4-#3 was used in calculating the
DF's, the sum of the individual iodine species DF's does not equal the
total DF. For example, for organic iodide an actual DF may have been
observed but for tile other individual species only a lower limit may
have been determined. However, in the total DF calculations, all inlet
concentrations are summed and divided by the effluent concentration.
This results in DF values different from those obtained by adding the
individual species DF's, wher-e lcwer limit values are not included.

In section 8.1 plant data was presented which related the charcoal's
methyl iodide DF as a function of operational hours. This data is
presented graphically in Figure 8.6. Since the A and B charcoal filters
(see Figure 8.1) at Rancho Seco had been in service approximately 9000
and 7000 hours, respectively, at the time of the in-plant measurement
program, the predicted methyl iodide DF's for the two charcoal filters
are 13 and 9. These values are smaller than the average measured organic
iodine species DF of 140. This discrepancy can conceivably be accounted
for by the methods of determining the charcoal DF's. In the in-plant
measurement program, the DF's are determined by direct measurements
across the charcoal filters and measure organic species other than
methyl iodide. For the plant data, aliquots of the charcoal are sent to
a service laboratory for evaluation. In the service laboratory evaluation
a standard procedure (18) is followed to determine a methyl iodide only
DF. As a result, a different DF could be obtained by the two methods.
It appears from these data that the service laboratory evaluations give
conservative DF measurements, i.e., the actual DF's are higher.

8.3.6 Selected Alpha- and Beta-Emitting Radionuclide Data

For general information only an aliquot of an auxiliary
building HEPA filter was collected and subjected to transuranic and
beta-emitting radionuclide analyses. Table 8.24 presents the results
of these analyses. It should be pointed out that the pCi/year release
rate values presented are not environmental releases but only the amount
of activity that was collected on the total filter (Section 8.1) during
a year's time. The pCi/cc value represents the radionuclide concentration
that would have to be present in the auxiliary building to collect the
observed amounts of radionuclides on the HEPA filter. This assumes a
100% collection efficiency and 1.1(15) cm3 total flow through the filter
bank.
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TABLE 8.22

1311 DECONTAMINATION FACTORS

Sample
Period

1
2
3
4
5
6
7
8

9
10

11
12
13

Sum
(Systems #1, #2, and #3)

(VCils)

5.9(-4)

8.9(-5)

2.8(-4)

7.5(-5)

1.7(-2)
.1.5(-3)

3.8(-4)

9.3(-4)

9.9(-4)

4.7(-4)
7.6(-5)-

1.4(-4)

1.5(-4)

Main Stack
(kcils)

3.6(-6)
2.4(-6)
4.8(-6)

8.7(-7)
7.7(-5)

1 .7(-5)

3.5(-5)

5.5(-5)
1.0(-4)

4.9(-6)
3.2(-7)

<7.2(-6)
<2.8(-6)

DF

160

37

58

86

220

88

11

17

10

96

240

>20

>55

Avg. 93
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TABLE 8.23

1311 SPECIES DECONTAMINATION FACTORS

Sample Period

1

2

3

4

5

6

7

8

9

10

11

12

13

Particulate
Iodine

>41

>6.7
>21

>6061
>32
>1.3
>5.2
>5.8
>40

>9.4
>3.4
>4.2

12

>173

>13

>14

318
>148
>5.2
>3.8
>24
>156

>2. 8
>23
>21

318

HOI

>116

>7.5

>21

1556

>1536

>21

>7.1

>19

>17

>1 .9

>12

>59

1556

Organic

109

21

428

581

47

9.1

16

6.9

45

>4.9

>49

>75

140Avg.

* DF could not be determined for different iodine species.
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FIGURE 8.6

RANCHO SECO MAIN STACK CHARCOAL FILTER DF's
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TABLE 8.24

TRANSURANIC AND BETA-EMITTING RADIONUCLIDE
ANALYSIS OF AUXILIARY BUILDING HEPA FILTER

Radionucl ide

55Fe
6 3N~J

91y
89 Sr

90Sr
238pu

2 39 824 0pu

241AM
21k2Cm

244CM

Icjl/cc*

3.3(-1 3)

6.0(-14)

2.6(-15)
7.6(-15)

2.1(-16)

4.0(-18)
1.0(-17)

2.8(-17)

2(-17)

1.0(-18)

uCi/YLear*

1.98(2)
3.6(1)

1 .56(0)

4.6(0)
1.3(-l)

2.4(-3)
6.0(-3)
1 .7(-2)
1.2(-2)
6(-4)

* Numbers are based on observed activities on the filter
at the time of sampling; no decay corrections are applied
to the decay during collection of activities on the
filter, i.e., 4.3 years.
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TABLE 8.25

BETA-EMITTING RADIONUCLIDES DOWNSTREAM

OF AUXILIARY BUILDING HEPA FILTERS

Off Date

10/26/78

12/21/78

3/l/79

11/9/78

12/7/78

2/1/79

55Fe

3.8(-5)

4.6(-6)

1.4(-6)

*k

*k

6 3Ni

3.5(-5)

5.4(-6)

1 .5(-5)

Release Rate
(PCi/s)

ly

1.2(-5)

<1 .7(-5)

2.4(-5)

89Sr 90Sr

<2.5(-5)

<1 .4(-5)

I .2(-5)

<8.9(-8)

1.1(-7)
<9.9(,.8)

* Analysis not performed on sample.
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It is interesting to note that the airborne concentration calculated
for 2 39 "24 Opu is in agreement with the value reported by another research
facility (21) for environmental concentration of 2 3 9 "24UPu during the
time the filter was in operation. Actual measurements downstream of the
HEPA filters are in Table 8.25. These data were derived from analyses
of HEPA filter samples. No transuranic analyses were performed on the
samples. The analytical procedures used are presented in reference
(19). The data is taken from Appendix Table B.73.

8.3.7 Stack Xe and Kr Release Rates

The main stack Xe and Kr releases were monitored using a
cryogenic air sampler (CAS). The CAS operated from 10/24/78 to 2/28/79.
The CAS selectively concentrates the Xe and Kr from air by using a
cryogenic distillation column. The Xe and Kr are then compressed into
a 900 cm sample can. Typically the CAS samples stack air for 21 hours,
isolates the sample for 1.5 hours, and remains idle for 1.5 hours. Thus,
the CAS operates on a 24-hour basis, but it only samples air for 21 of
those hours.

Once removed, the sample is analyzed for Xe and Kr isotopes, using
a Ge(Li) gamma-ray spectrometer. The samples are then analyzed for total
Xe and Kr by gas chromatography to determine the percent recovery of the CAS.

The calcule¶ release rates for the nuclides 8 5Kr, mr, 88Kr,
13 1MXe 1 3 3Xe, Xe, and 1 3 5Xe are reported in Appendix Table B.69.

Table 8.26 presents the average release rates and the annual releases
for 85Kr, 1 3 3Xe and 1 35m'Xe. To convert to annual releases, the average
release rates were multiplied by the number of seconds in a year (3.15(7))
and converted to curies. The average release rates during refueling
and non-refueling intervals are presented in Table 2.5.
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TABLE 8.26

EXTRAPOLATED ANNUAL RELEASE OF SELECTED NOBLE GASES

Average

Nuclide Release Rate (pCi/s) Annual Release (Ci/yr)

85Kr 2.68(0) 8.42(1)

131mXe 5.36(0) 1.69(2)

133Xe 1.05(3) 3.32(4)
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9. SECONDARY SYSTEM

9.1 Introduction

This section presents the results of samples taken from the secondary
system at Rancho Seco. Figure 9.1 is a diagram of the Rancho Seco secondary
system showing the principal system components and flow paths.

9.2 System Description

9.2.1 Steam Generators

There are two Babcock & Wilcox once-through steam generators
in the secondary system. Each steam generator is rated at 5.9(6) lbs/hr
steam flow at 940 psig.

9.2.2 Turbine Train

The turbine train was fabricated by Westinghouse and consists
of one high pressure (HP) and two low pressure (LP) turbine units.
All the turbines are double flow units with reaction blades at each end.
The turbine generating unit is rated at 2788 MWT.

9.2.3 Gland Seal

The turbine gland sealing steam comes from two sources. At
less than 15% turbine speed, the gland seal is provided from main steam
through a pressure regulating valve. At greater than 15% turbine speed
the HP turbine supplies the gland sealing steam.

9.2.4 Moisture Separator Reheaters

There are four tube and shell type reheaters, two for each
LP turbine unit. The drains from these reheaters go to the heater drain
tanks. There are four heater drain tanks.

9.2.5 Steam Jet Air Ejectors

1. The hogging ejectors used for startups and emergencies.

2. The main air ejector consists of two sets of two stage
steam jet air ejectors. One set is used while the other remains in
standby. The air ejectors are operated with reduced pressure main
steam. The vent of the air ejector exhausts to the auxiliary building
ventilation exhaust filter plenum.

9.2.6 Main Condenser

The main condenser consists of a low pressure (LP) section
and a high pressure (HP) section. The condenser hotwells provide five
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FIGURE 9.1

DIAGRAM OF RANCHO SECO SECONDARY SYSTEM
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minutes of condensate storage at full load - about 85000 gallons. Main
steam can be dumped directly to the main condenser at the rate of 1.8(6)
lbs/hr.

9.2.7 Condensate Storage Tank

The storage tank has a capacity of 450,000 gallons. Demineralized
water is supplied to the storage tank through filters and a demineralizer
train. The demineralizer train consists of two cation, two anion and
two mixed bed demineralizers. The system is designed for the continuous
treatment of makeup water at flows ranging from 0-250 gallons per minute.

9.2.8 Condensate Pumps

There are three condensate pumps rated at 8500 gpm each.
The condensate system is normally operated with two pumps running and
the third pump in standby mode.

9.2.9 Condensate Polishing Demineralizers

There are nine polishing demineralizers. Normally eight
demineralizers are in operation and one in standby mode. The system is
designed to handle 17,000 gpm of condensate flow.

9.2.10 Feedwater Reheaters

There are two parallel trains of reheaters. Each train can
handle 50 percent of full rated flow. There are two high pressure
heaters, four low pressure heaters and a drain cooler in each train.

9.2.11 Chemical Addition

Chemicals are added to the feedwater to reduce system corrosion
and fouling. Hydrazine is added to suppress oxygen and ammonia is added
for pH control.

9.2.12 Feedwater Pumps

There are two turbine driven feedwater pumps. Each pump has
a capacity of 14,200 gpm. During normal operation both pumps are running.
The pumps take a suction from the low pressure feedwater heater trains
and discharge through the high pressure feedwater trains to the steam
generators.

9.2.13 Emergency Feedwater Pumps

There are two emergency feedwater pumps, one turbine driven
and one motor driven. Each pump has a capacity of 1180 gpm. These
pumps can take a suction from the condensate storage tank, the Folsom
South Canal pumps or the plant reservoir.
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9.2.14 Circulating Water Pumps

There are four circulating water pumps each rated at 111,500
gpm. These pumps take a suction from the cooling canal and discharge
through the LP condenser, then the HP condenser to the cooling towers.
Water from the cooling towers returns to the cooling canal. Makeup
water for the cooling canal is supplied from the Folsom South Canal.

9.2.15 Rated Flows

Table 9.1 contains the rated system flows in lbs/hr and
gm/sec.

9.3 Sample Points

During the in-plant measurement program, samples were taken from
the steam generator blowdowns and the steam jet air ejectors using the
plant sample lines.

9.4 Sample Types and Procedures

Samples obtained at Rancho Seco were obtained using the procedures
outlined in reference (6). This included liquid and gaseous samples:

a. Grab Samples - 450 ml of the liquid blowdown stream were
collected in a glass bottle containing 9 ml of conc. HCl
and counted.

b. Whole Gas Sample - A 250 ml gas bomb was purged (at 0.7 1/min)
with the gaseous air ejector sample stream for 10 bomb volumes
(about 4 minutes) then sealed. The glass bombs were then
counted directly.

9.5 Results

9.5.1 Steam Generator Blowdown

The following steam generator blowdown samples were taken
at Rancho Seco:

Date Time Unit Volume (ml) Comments

9/10/78 0910 A 450 Reactor at 10% power

2/27/79 1534 B 450 Reactor at 7% power

The results for both steam generators showed activity levels at the
background level or below the limits of detection.
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TABLE 9.1

RATED FLOWS FOR SECONDARY SYSTEM

System

Main Steam

High Pressure Drains

Main Condensate

Main Feed

Steam Jet Air Ejectors

Flow lbs/hr

1.2(7)

3.5(6)

8.5(6)

1.2(7)

20 cfm

Flow gm/sec

1.5(6)

4.4(5)

1.1(6)

1.5(6)

9.5(3)

High Pressure Drains = 28

Condensate System = 72

percent of total flow

percent of total flow

Conversion Factor 1 lb/hr = 0.12623 gm/sec.
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9.5.2 Steam Jet Air Ejectors

The following air ejector whole gas sample was taken at
Rancho Seco.

Date Time Volume Comments

9/14/74 0953 250 cc Reactor at 100% power

The results of the sample counting for the air ejector gas sample gave
activities at the background level or below the limits of detection.
The data are shown in Appendix Table B.77.

9.6 Conclusions

The secondary system was sampled at Rancho Seco to see if a primary-
to-secondary leak existed. The results of the samples taken indicate
that a measurable primary-to-secondary leak did not exist at Rancho Seco
during the in-plant measurement period.
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APPENDIX A. SAMPLE AND DATA HANDLING

A.l Sample Handling

A.1.1 Sample Volumes and General Sampling Procedures

The general sampling procedures that were followed have been
described in the report "Procedures, Source Term Measurement Program"
(6). The specific sampling procedures used at Rancho Seco Nuclear
Station have been described in the Measurement Plan for Rancho Seco (5).

A.1.2 Sample Validation

Although it is impossible to prove that a given sample is
an actual representation of the liquid or gas under study, some confidence
can be placed on the quality of the sample by showing how reproducible
the results are for replicate samples or for samples from a given system
taken under different conditions. Validation of liquid and gaseous
samples at Rancho Seco was handled as described below.

A.l.2.1 Liquid Samples

During the initial phase of the measurements at
Rancho Seco, each sample point was investigated to determine whether or
not a valid sample could be obtained. This was done by first discussing
the sample point with plant personnel and determining the sampling
procedures they recommend (e.g., recirculation times for tanks). The
sample line was then purged for a time at least as long as recommended
by plant personnel. Replicate samples were taken under identical
conditions over a period of time and the results compared in order to
give final verification of the sample validity.

A.1.2.2 Gaseous Samples

Verification of the validity of gaseous samples was
determined by two methods. The first involved pitot tube and helium
dilution measurements (see sections 2.2 and 2.3 in reference (6)).
Ventilation duct flows were calculated based on the results of each of
the two types of measurements. The two results agreed (to within + 10%),
indicating that representative samples had been obtained.

At Rancho Seco it was possible to do an activity balance on the
main stack output and all of the sources that contributed to the main
stack. The results of the activity balance indicate that representative
samples had been obtained.

A.1.3 Validation of Sample Analyses

In order to insure accuracy of analyses, efficiency tables
for all systems, both those in the Mobile Laboratory and those at
INEL, were established through the use of NBS standards or standards
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traceable to NBS. These efficiency tables were obtained under all
geometric conditions which the samples were analyzed. During the
measurement period at Rancho Seco the efficiencies were checked using
standards on a routine basis.

In addition to checks with standards, intercomparisons were made
between the Source Term group and the chemistry group at Rancho Seco.
Table A.l shows the results of these comparisons.

A.2 Data Handling

Analysis of each gamma-ray spectrum was performed either in the
Mobile Laboratory or at INEL using a program that searches the spectrum
for gamma-ray peaks, identifies the radionuclide producing the detected
gamma rays, decay corrects activities to the sample collection time, and
provides radionuclide concentrations together with counting error estimates.
For radionuclides of interest that were not detected, the program determines
lower limits of detection.

Uncertainties quoted for radionuclide concentrations in this report
are la errors due to counting statistics only. An additional uncertainty
of approximately 10% should be added to the quoted errors to account
for calibration and volume measurement errors. Indeterminate sampling
errors have not been treated, however, the total errors due to sampling,
calibration, and volume measurement are estimated to be approximately 20%.

In the determination of radionuclide concentrations in reactor
coolant, the sample was gamma counted 3-4 times over a period of 2 weeks
in order to obtain data on both long- and short-lived radionuclides.
When a radionuclide was detected in more than one spectrum, the quoted
concentration for that sample was obtained from the average of the
individual results.

In the course of many of the measurements, some of the radionuclides
in the standard list are not detected by the peak search routine. When
this occurs a detection limit is calculated. The algorithm used for the
Rancho Seco detection limit was a forced Gaussian fit of fixed centroid
and fixed width where the background and the height of the gaussian
were allowed to vary. If the area calculated by this technique was
less than 2 times the standard deviation (a) for the calculation, then
the detection limit was quoted as the 2a value calculated for the fit.
If the area calculated by this fit technique was larger than the 20 error,
then it was assumed that the nuclide was present.

In order to use the lower limit of detection (i.e., less-than) values
in further calculations, one must be aware of certain problems facing
the user. These problems are:

(1) When calculating decontamination factors (DF's) with a less-
than in the denominator and a real number as the numerator,
the resultant DF will be a greater-than. If the numerator
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TABLE A.1

COMPARISON OF RANCHO SECO AND EG&G RESULTS FROM SPLIT SAMPLES

microcuries/mil liIi ter

q. -28/ 78j 1 Z/4/78

RS EG&GNucl i de
1 3 3Xe

9 9 mTe
(9 9Mo)

1 3 5 Xe

1311

1331
134Cs

I 3 7 Cs

58Co
60Co
54Mn

1351

2 4 Na
5 lCr
5 7Co

I lomAg

RS

4.2 ± 0.6(-5)

1.8 ± 0.2(-5)

7.6 ± 0.3(-5)

1.66
2.9

5.2

6.2

2.6

2.0

1.6

4.3

5.6

±
±

+_

_+

+

±

±

+_

± 0.04(-4)

O.1(-4)
0.4(-5)

0.4(-5)

0.1(-4)

0.2(-5)

0.3(-5)

0.8(-5)

(-5)

EG&G

4.6 ± o.5(-5)

1.78 ± 0,03(-5)

1.33 ± 0.02(-4)

1.46 + 0.01(-4)

2.44 ± 0.03(-4)

4.05 ± 0.04(-5)

5.04 ± 0.05(-5)

1.3 ± 0.1(-5)

4.7 ± 0.2(-6)

3.7 ± 0.3(-6)

4.8 ± 0.2(-5)
4.35 ± 0.08(-5)

1.83 ± 0.03(-3)

2.06 ± 0.03(-3)

2.10 ± 0.01(-2)

1.66 ± 0.03(-3)

6.8 ± 0.2(-4)

1 .64

1 .97

2.85

1.53

6.61

±

±

+

+

±

O.O1(-3)

0.01 (-3)

0.02(-2)

0.02(-3)

0.06(-4)

5.7 ± 1.5(-4)

4.4 ± 0.9(-5)

9.6 ± 2.7(-5)

9.6

7.8

1.6

±

+_

±_

1.3(-4)

0.7(-5)

0.1(-4)
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is the less-than with a real number in the denominator,
the resultant DF is a less-than. If both the numerator and
the denominator are less-thans, then the result is indeterminate
and the DF cannot be calculated.

(2) When calculating averages with less-thans as some or all of
the data, one can only calculate a minimum (taking the less-
than at a value of 0) value that the average is either greater
than or equal to and the range that the average will fall.
The reporting format is:

Smallest Real Value < Average < Largest Value

(3) When calculating averages with greater-thans as some or all
of the data, one can only calculate the minimum value for the
average, using the greater-thans at value. The reporting
format is:

Smallest Real Value < Average

(4) When calculating averages with both less-thans and greater-
thans as some or all of the data, one can only calculate the
minimum value for the average taking the greater-thans at
value and the less-thans at 0. The reporting format is:

Smallest Real Value < Average

(5) There are a few cases when a very large less-than was computed
for a given sample. These large less-thans have been excluded
from the calculation of the maximum value for the averages
whenever they meet the criteria for outliers as provided
by the Dixon Outlier Test (Reference 10). These large
less-thans would bias the maximum value for the average
at an inordinately high value if they were used.

Average values for some locations have been time weighted. For
example, the average 1311 concentration in the reactor coolant was time
weighted to calculate the normalizing factors used to calculate gaseous
releases. The formula used to weight the averages is

I xi wi
wi

where

= weighted average

xi = individual value

wi = no. of days this value represents
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The program used to calculate the weighting factor assumes that a sample
value is valid from the time of the last sample to the time of the
given sample.

A.3 Fuel Integrity Analysis

A.3.1 Theroretical Basis

References 8 and 20 discuss techniques for evaluation of
fuel integrity in operating PWR's and BWR's, respectively, that are
similar to the method outlined here. Three mechanisms of fission product
release are evaluated: (1) a recoil release from fissioning of tramp
uranium deposited on the fuel cladding and the reactor internals, (2) a
diffusion release through small defects in the fuel cladding, and (3) an
equilibrium release through larger cladding splits or defects.

A recoil release presents fission product activity to the reactor
coolant with no time delay, thus the long-lived and short-lived volatile
and soluble fission products appear to have the same source term. If
a fission source term is calculated by correcting the coolant concentrations
for coolant volume, fission yield, clean up through the letdown system
and from decay, the long and short lived iodines and fission gases all have
the same fission source term. In diffusion type releases, there is a
significant time delay in the diffusion process, thus the source term is
higher for the longer-lived and more mobile fission species. Spiking
of radioiodine reactor coolant activities upon rapid power changes are
thought to be the result of pin-hole diffusion leak sites. In equilibrium
releases, large breaches in the fuel cladding allow the instantaneous
escape of equilibrium mixtures of fission gases and volatile species
from voids within the fuel package. All activities are elevated including
concentrations of fuel activation nuclides such as 2 39 Np.

The referenced methods require calculation of the apparent fission
source giving rise to each nuclide of interest. It can be shown (8) that:

A - fissions = the apparent fission source term
Yi Xi sec supporting production of the ith nuclide

where

A i = PCi of nuclide i deposited in the primary/sec.

Yi = fission yield of the ith nuclide

Xi = decay constant of the ith nuclide (sec-)

Ai can be evaluated from source term measurements as

Ai = (Ci) (V p) (Xi + ai)
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where:

Ci = PCi/cc of ith nuclide in reactor coolant.

Vp = reactor coolant volume in cc

Oi = correction for letdown cleanup.

Empiricalrelationships between the apparent fission source (A) and the

decay constant (A) have been determined (8). These relationships quantify
the time dependence of the fission product release from recoil, diffusion
and equilibrium mechanisms. The relationships are:

Ai -b
Yi X i

where:

b = I for equilibrium releases

b = 0.5 for diffusion releases

b = 0.0 for recoil releases

k = a constant the value of which changes for the various release
modes.

Note that by taking logarithms of the defining equation and rearranging
one finds

A.

in (y-T-•) : In k + (-b) In A,

a linear equation of the general form y = a + bx.

In applicationthe evaluation technique requires the measurement
of reactor coolant concentrations of the iodine isotopes, calculation

A.
of Yi for each isotope, and the calculation of b from a linear least

A.
squares fit of In (yi-2-i') versus In Ai. For pure recoil releases b=0,

for pure diffusion releases b=0.5, and for pure equilibrium releases
b=l.0. Seldom are the release modes so clear cut. Usually b values
reflect a mixture of release modes. The method is empirical and
approximate and its reliability can be improved by analysis of the results
from a number of reactor coolant samples.
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A.3.2 Calculations for Rancho Seco

Radioiodine and fission gas concentrations in the Rancho
Seco reactor coolant have been determined and reported for measurement
periods prior to, during, and after refueling (see Appendix Tables B.l
and B.2). Particular sample results have been selected for this study
to ensure that the measured concentrations reflect steady-state power
operations before and after the refueling outage. Only the radioiodine
concentrations measured in these samples will be used in this analysis.
Unknown losses of fission gases from the primary system via the letdown
loop preclude the use of the measured gas concentrations. Samples
selected to reflect fuel conditions prior to refueling include samples
obtained at 1401 9/20/78, 1130 9/27/78, 1128 10/4/78, 1140 10/12/78,
1149 10/18/78, 1431 10/24/78, 0940 11/1/78, 0920 11/8/78, and 1145 11/13/78.
Samples after refueling include those at 0922 1/11/79, 1408 1/17/78,
1338 2/2/79, 1116 2/8, 0903 2/14/79, 0953 2/21/79, 1408 3/1/79, and

1510 3/6/79. Parameters used in the calculation of L factors areYX A
presented in Table A.2 while the apparent fission source values of --. for

the selected samples are reported in Table A.3.

The A/yX values of Table A.3 and the X values of Table A.2 were fit
A.

to an equation of the form In ( y-T-) = In k + b In X using linear

least-squares techniques. A separate fit was performed for each sample.
Values of the correlation coefficient for the fits varied from about
0.97 to 0.83 indicating good to moderately good fits. The calculated b
values were plotted as a histogram. The histogram is presented in
Figure A.l. The computed average b both before and after refueling is
noted on the plot. The average b value before refueling was found to be
-0.41 + 0.04 after refueling the average shifted to -0.35 + 0.07. The
mechanism for iodine release before refueling appears to bý a diffusion-
dominated mixture of diffusion and recoil. After refueling, the mechanism
is still a diffusion-dominated mixture of diffusion and recoil, but is
shifted slightly more toward recoil. This is consistent with the iodine
spiking observed during abrupt power changes and with the expected
improvement of cladding integrity upon refueling.

A.4 Isotopic Delay Time Calculations

The time it takes for two isotopes, with differing half lives, to
move through a process can be calculated from their ratios as they pass
through the process.

To begin with, each isotope has a concentration, Ai, and each will

decay with a characteristic half life tn/ 2  2 The activity
ait i A1

at time, t, is Ai e . The ratio of activity at time, 0, is Ro = A2 and
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TABLE A.2

PARAMETERS FOR FISSION SOURCE CALCULATIONS

Weight of primary water - 5.07(5) lbs
Letdown Flow - 9.72 lbs/second

I sotope

1311
1 321
1331

1341

X (s-)

9.98(-7)
8.37(-5)
9.26(-6)
2.20(-4)
2.91(-5)

Fractional
fission yield (y)

2.oo(-5)
1 .03(-4)
2.83(-5)
2.39(-4)
4.81(-5)

0.0289
0.0430
0.0670
0.0781
0.0655

(Letdown flow . = .9(-5) s-'
(Weight of Primary
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TABLE A.3

CALCULATED APPARENT FISSION SOURCE (Alyx) FOR THE

SELECTED REACTOR COOLANT SAMPLES

All values in normalized uCi's

Sample

Time Date

Prior to Refueling:

1311 1321 1331 1341 1351

1401

1130

1128

1140

1149

1431

0940

0920

1145

9/20/78

9/27/78

10/4/78

10/12/78

10/18/78

10/24/78

11/I/78

11/8/78

11/13/78

1.79(9)

2.02(9)

3.28(9)

2.75(9)

2.93(9)

2.89(9)

2.65(9)

2.29(9)

4.01(9)

1.15(9)

1.47(9)

1.49(9)

1.75(9)

1.55(9)

1.47(9)

3.44(9)

1.18(9)

3.12(8)

3.64(8)

3.84(8)

3.92(8)

3.82(8)

4.30(8)

3.98(8)

3.89(8)

4.02(8)

2.46(8)

2.61(8)

2.66(8)

2.80(8)

2.94(8)

3.22(8)

2.07(8)

3.13(8)

4.34(8)

4.69(8)

5.36(8)

4.86(8)

4.89(8)

5.45(8)

5.16(8)

4.51(8)

5.45(8)

3.49(8)

3.86(8)

3.35(8)

3.86(8)

3.82(8)

3.86(8)

3.56(8)

4.43(8)

4.29(8)

2.51(8)

2.58(8)

2.71(8)

2.78(8)

2.84(8)

2.84(8)

2.71(8)

2.36(8)

2.22(8)

2.10(8)

2.10(8)

2.25(8)

2.27(8)

2.56(8)

2.27(8)

2.69(8)

3.39(8)

3.37(8)

3.64(8)

3.68(8)

3.78(8)

3.62(8)

3.75(8)

3.53(8)

3.49(8)

2.48.(8)

2.64(8)

2.74(8)

2.94(8)

2.91(8)

3.03(8)

3.00(8)

3.28(8)

After Refueling:

0922

1408

1338

1116

0903

0953

1408

1510

1/11/79

1/17/79

2/2/79

2/8/79

2/14/79

2/21/79

3/1/79

3/6/79
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FIGURE A.1

OCCURRENCE HISTOGRAM OF CALCULATED b VALUES FROM FUEL INTEGRITY ANALYSIS

7 III II I I

0- Dat~
-------- Data

I I
a before refueling

a after refueling

Equilibrium6h
Recoil Diffusion

5F

0I

0,

E.

z

4_

3_

I

I

I £

:a £

0)
0)

21- 7

1K I I I I I!#•= | ="w T T n

u10 -0.1 -0.2 -0.3 -0.4 -0.5

Slope (b)

-0.6 -0.7 -0.8 -0.9
INEL-A-19

-1.0
229

A-I0



the ratio of activity at time, t, is Rt -

time to pass through a process, solve the

A1

R T-)

- 17e(X2-.X1)t

Ae-x tA1 e

A2e2t . To calculate the

A2 e
following equation for t.

R_0
Rt

: e(l 2)t

In!0 = X-Rn (t 2)t
In Rt 0

Rt
t .( _X2)

One can also solve the equation using the decontamination
for each process. This calculation assumes that both isotopes
same chemical behavior (same DF) for the process being studied
any difference in DF is from decay during the process.

factor (DF)
have the
and that

Then, the measured decontamination factor is DFmi
.1i x DF true

Ai e

and for the two isotopes

DFml

DFm

DF m

DFm

_xit x DF
A1  xDF

A2
_-,2t x DF

A2 e
2

e(x2-xl )t

A-1l



and

DFm

t x2, (A-i)
•2- 1i

These equations must be used with care for time calculations that
exceed a few months since the initial ratios should be those of the
prior condition. Using instantaneous DF's may give incorrect answers
for these long-term calculations.
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APPENDIX B

The data obtained during the in-plant measurement studies at Rancho
Seco are presented in this Appendix.
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TABLE B.1

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, GASES ONLY
FE.fI Lr L ̂ - wr ýJ' Y 'Y)IEll .4LjbLE G P, ES

--ATElIPE

NULL It E

K1-85
KN-e 8

Y E-13111

){E-B33
XE-315P

NE-137
XE-132E

ý1/ 7
l1 37

9/114
1 (113

9120 912-1
14ý4 1132

M l( PtC sL k T F /M fi Ll 11 .1 T ERS

10/ 4
1136

.( , (-2)
7 !C+.30(-2)

1 U, ~.4(t- 1
'(13( cl

4:.701.41(-2)

F.4C01. 4(-2)

7 .CC.2f(-2)
<7.i.(-4)4 t,12. C f -

9.5 "_+,2C(-2)

7 .20 210 '
*3".0 (-1)

2.70j:iU(-i)
t2.,( 13

S .2C_.F0(-2)

•c+.32(-3)

S f 3- 3)
2 iq+.? q(-2)

4.52±.0230-i
3.o3( C)

1.22+.02t-1)

'3*4(-2)

e.80±. tC(-3)

?.2 (-3)9F_+ i&(-2).'4O+. 204-2)
NOT E 1

(3.7 4-4)
2.33±..(.8-2)
7 40±1 10(-l)

<1.3 (-1)
N [hlE 1

6.0+.o40(-3)
5 .141.09(-2)

<'2.7(-3)
I.o02+o02(-1)

NUTE 1e .6C+l..2 (-3)
2,23sG2 (-2)
7.36102 (-1)

3.281.07(-l)
<8.5 (-1)6 .4,0.. 3ý ( -2)

NICE Is THESE a4TA FOIFITý HAWE bEEN LFr1 OFF CUE 7C HALF LIFE CUiRRELT1ZNS
Lf CLTIEF -.. Lt EfS ASCIL"! A7Ei b 11H •1BIEMi11!1C UPEfAT7ONS w ITH < NUMBER$



TABLE B.1 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT.GASES ONLY
-PEIC' C'?- ý ( ~ I. HýV I r, 4,EL !- G A-.F

"I L

NLý.L ICE

AP-41

KF-68:I(F-8"7

YE-131V
YE-133•
YF-132

XE-137
XE-13P

1; /12
1337

2(,./ 1b
1435

I, j
94 t

11/ 8
920

'9.*60± .30 %-3)
c.•'! l. (-2i

a~ri[ 1
e ~.+C± .64-3)

1 93_+C3(-2;

3.5 '4 ,0 4- .L)T 6<1 " C *3 9- 1)

7 -,j 1 . 4 i. ( -3 )
7 ,301.2C(-2)

< * C (i.' -3 )

t BF I

? 5.±,'5 (-2)
I.Cb;.03( C)

<2• ,2•(- -)

+ -

4; iC±.1o (-C,-
It01±,c4 (-2)

2. +, 02 (- 1 )

*(4.eJ (-.)

(I 4*6 1- I

t !PIE I

'3.? (-2)
4.76.. C4(-2)

<2 :0 .1-2)E.IO+, t01-2)

1.17.,C5(-I)

'2.8 (-4)
5.50.. lO(-l)

3.27+. (4(-1)
N.T E I
N ,. 1 E I

6 .301.40(-31
4:(O,±. 10(-2)

' 8 o ;( -3 )
5 .60±.30(-2)
1.114.02(-1)

NZTE 1
<3.6(-4)

2 581.06(-2)
9.001. 30J-1)

<9.4( 0)
3.BOT+1O(-I)

NOTE I

WC1E 1: IU:EL .141t FCINT. H.re rE7EEN LEO7 Of.f LLE 1i HALF LIFE CORRECT!UNS
Lg F.'Ff. Pk. L F Av ,..• 1,•- 'IH 1Ak'hEMI1fC UPEFATIVIK' WITH < NUMBERS

IA



TABLE B.1 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, GASES ONLY
HEOLC• t-CCtLAC !.YFTEP Cit•)Lf GASFlS

Af I tE

IHLCLICE
AP{-43AF-A,,l

KP-6T.IVE-88
KR-fs
ýE-131E
I E-1331B
X E-132
x E-13
XE-1i
XE-131

I113
I i 2

11/14
1307

11/15
100

i7, f70 • 11/15
1403

tiCPLCt.' AE's/ ILL I LITEP

3":9 6.o04 (-2)
'6.31-1)

C?.2.(-2 2)
3 .29.C3(-2)

%1.3?.( Coo

12 2 1 -1I

i. I.;.c3 (-21(2:6 (-3)
2 301.10(-2)

(2. •-(-4 )
1.261.CU(-2)

Ift 0 (-I)

2.?01.3C (-23

4302(-2 )(iszc!10W )
1(2 6 (-2)

2 1C41C(1-2)
6 .70+.2C (-2

Nr E 12.sC+.30(-2)

1,3C!.0( C)
a5.2(-1i

4. .3 (-3)

<2.7*4-3)
1.70± Ic -2)
'3. (g -2 )

1 .•4I. Eft-4)

e. C 4-4)
2 901.20(-2)
1 .3614 (54-1)

<59 4-1)<t•T• 111

NUT E -<1 .c (-?7

<1.1(-3)
4 .30,±. 40 (-3)

<9.5( 0)
<8.o5 -4)

2 9ZC±, 310-3)44.3(-1)
<2.71-2)

1.14±.OE( C)
1.73 (- -1)

13.721.6t-1)

'3 .51(-

NCIE ]I 'TEZSE L•A, POiNT.T HiVl 6FEN LEf' JFF LLE IE HALF LIFE CLReECTIJNS
c 01 UdE ýF H'L L L r ýtS . C 1 0EIi V.~ A MiI HE01 f1 LI U P( iAUCI f\¶ r vi H c t1;U p RQ

wo



TABLE B.1 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, GASES ONLY

StJUL If. E
OF-41

t(Fi-F

XE-131FYfE-!Z21•
y E-,i ý ?
) E- -13!

XE-137
YE-13E

11 3 I'/1 &I 17lA /1. 90,
2/21

955

,'1 (.7i'L .l I -/h ILL I L I I EP

(•*. 1 -3 1

<3.4 4-3)

4..•C!.(,,- C)

<• z C-.

7 C

4 t'

4,
,/(

C-?)(-• )

(-2)
(-2)
1

(-2)

3;
(-1)

0)

4.?.C~t*Hj-2)

7 2C Il . .4ý -3

<Ise( C)

tj*7(-1)

7.bO. !G0(-3)7A.6C._. (t4-2)
< 27 (-1)
3,0 + -21

7-IC-7 20(-2)
NCiE 1

9.201 .,C(-4)

2:H5;:C 1 -HZ
70 '4 -

8 30.1: 5U(-3)
S.:731.C5(-2)

<3.0( 0)
4 .301.20(-Z)
7,501.10(-2)
2.7C01.1( l

<267(-21
3.97±.04(-21l ,5q!.003( 0

<1 *5 1 (
3409+,03.(-1)

53.(}(-1)

)I:CE ] I 1FE'ý f l:I P0 TNT ' HAFI V .A'; L EH ýI UFt (LE IL• h4LF LIFE CURR EC11i0NS
1'64 ~jUEF ý;LSLLV .,,,LCIAEif aITH ARIIIF'Etl7JC LPEFAT7IN.; *ITH < NUMBERS

S



TABLE B.2

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES
t-F. 'LP (LLAN!

171E

tNLCLILE

1-131
-132

1-134
1-135
R B -8RE-SC,

V5-124~

C f-13 :1
cs-iaF

CS-I 39N A -Z I
CRF-51

f E-5q
CC -5 7

S p' -'5

SPI-9 .y- ; ,. t
2 F -' 65

UC-qq

h(-i]C(P
SE-124

E -12 s1E-1 1l.
IE-132

IE-132

LA-140
CE-i 4

CE-144
FL-1!2
EL-I,. 4

N -IF••2

11 3C 9/ F9L f 4 9/W0 9/iC
7 1

9/10
855

r . ftC ;e t /MT L1 1141E 7

f.c-c1.0(-3)

4 * b 7 +. .171 -

t.43;.C~i 2)

1_:a -2J

.9•q.c 3 1-3)

ý:,ý;.•20t-2)
3.9944 1.

SP,4*(-3)

S92. 3. CC34-L

1 *4'.• (-4 )

•F .C?(.01-2)

'c,43(-3)
'19(-3)
1 5 C,. 51- )

e5.2'4 -3 L)

C,9* [( -4)

7 90.11 . a-3 ;

1.201,Cl -21

t, 14 (-( 2)

S3.4 • 1')

L 22,

3 k i64-3)

U:C., (; C -41

2 '.4 -.4 )

2ZI±•.24 (-2)

42,2( - )
t < I*'4 o (- ... A

< ,7 (-: •
• 7f|-,| -(

Nl 1 E 1
1.42_.C-2(-Ij

1 * 324.(C;2-1)
4.C2±.04 1-2i

EoC73.23(-2)
C T E I

I, c.iZC (- 1

-14 2).

1 .3.A

1- L
f u_ 1

'4I L i
l,• '£•,..•(-i

1* F I

T E 1

k i.:.T E I
b VvL c

I~t I" .

~t,[; j

Iu+g -I
I••

NCIE 1

1 .: 4 C. c4 (1
2.371.C4(-21
1 .ý44.C2(-1)
f :10+. 20 (-2)

NTE i

Nr' I

N 0i F 1
I ,iC+, lo(-?)
2,b04, 304-3)

•1•1E 1ND1E E

. I E
N, C}" I 11
r.UUF 1

clI I
h LTE .1
hr E 1

tCT F 1
li 7 1

dTJlE .5

NLT E 1
N' J 7E 1idO-T F. I

(,CT f 1
Nt E i.I
NOTE I

N1iTE 1
tI1T E .1

NOTE I

NOTE 1
2 .47. , (-l)
1.471902t(-1)
1.271.031-2)

1 .50.02 (-1
4:70+ .2(-2)(' rE 1

5,701 .10(-3)
1 .80ýs2Q(-2)N. TE1

NOTE 1
9,•.4+,30(-3)

NrTE r
N 0TE 1

2*,C74.O(-2)

2*904.10(-3)
NCTE 1
NOTE I
NLTE INLkTE 1NUJE 1
NOTE '

I .22+.08 (-3)
NMTE 1
NOTE 1
si CTE 1
N4OTE I
NOT E I
Nc1IE i

NCTE i
NOT E 1
NtrE I
iOTE I
NOTE I
NOTE 1
NOTE 1

NCTE 1
NOTE 1
NCTE I

9.904.701-3)
ritrE i

Ncl L I I i F ; V 'i £, E ' .El, L3 1 Li . EI H.Ei F LjC5 CL'CTK QN..
-1 HE 'r I P j dIH UJ FFAT1".N!N I1H <NLtM&EIS



TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES
F.tc T re Cr CCUL1NI

MTETIIE

INULIC E

BR-E4
1-131
1-132
1-133
1-134
1-135
Re-ee

cs-1424
CS-13f
CS-137
CS-12tCS-] 39

CR-F3
FN -5 A

FE-5q
wceJ57

z N-b5,
SP-91
'V-911'
Y-93
20-95Ne-9f

RU-ic 3RUC-]CE=

AG-21JcI
S-124
I -125

E-12;to]lE-12rv
E-13i

'E-131
7F-13k
LA-124
LA-14C

E-143

CE-214
EU-1 12
EL-154

W-18"7
NP-239

'I1t1 1C ( 11 ;' 911(
130't

9/10
1431

,"T C L( L 'IV 'LL I t I-, E k

NCVF I
3,15I.L7?-1)
I .54±. C- C-1)

2 .o•1±.Cb (-2)

i,%uF. T I
KLT 1

E .IC±.kO(-3)

P4 F. T 1 1
6 4of.; ".,T ( -ý )
NLT[ I

go.9C.2O(-3)

h TF L

CTE 1

F{. ,A!

A LT F 1

NT F I

LTE I

il E94 103

f-LTE I

h:%Li I
N LT F 1
GI4tC. i(3J

N(JE 1
3 t. 4 .li( -1)
101,71.02(-1)

:k.54;.704-3)
3.C.fC3(- L)
23*+.0!ol-21k

-.AF I

T, t
, E 1

PTLE I

1. t F I
t'rT . i

2.F04.iC(-3)P T

p LT r., 1

\Nr'i E I
;"s I E I
El+ •,c.9 (-3)

t' T E I
T' E 1'•.'IE I

•:•iE I

L. ,'T EF•TE 1

t' ,rrf: I
(J. F 1tl-+C "' E •t LCE I

VLTE Ii U~l E a

* ~C.SC .. (-3)
N~tar 3

1 E C4. C3 ±.*i! -i)
1.426.031(-I

. 4 0±.9 C-2)2., F 10,-

6.7clil;-3)
slTE L2 .•3I.C;2 (-2)

*o6 .0 (-2)

•o(aF 1

•/'..r E i

N UfiE I

f'{ I E 1
hOTE I

N C E 1NCTE I

b TE I

(iLTE

'-T E 1

,C fE 1h i 'L'T 1
Md b[ 1
hLT I

aiC.F 1

S'L T E 1NL1'E I

7.2C+1C (-3)
!d1irf 1

* 3U± 1 .2 -21
14P .3 C 2 CI

7.5CT4.7(-4)': 4.(;.2(-!)

2 .POT. 20 (-2)
N1TE i

? .0tj, .C3(-2)
3.504 *C0(-2)

21 .3~.2(~

Nn3 E 1
1CT E I

5 .70+.. 30(-3)
tLtTE 1

0 T E I.
,C'+,.1 20-2)2. 5o, +. i c(-

NtT F 1
i%0! F 1
NLT E I
tdE I
N[CT E 1

N•T E 1
?ofTE 1
NOTE I
N' ý "I E I
NQT E I
NOT E I

.•r-1 EI
NT W! I
N (i T E 1

NGT F 1

NO! TE 1

NCT i 1
KO, TE I

NT 4JF I

, OTE 1
14 0, E 1

'.7G .1.-3)
,nOT E I

4.8C9(,+ 9-2)4, .t52±.oi (-ii
1.461.02(-1)
3.e63.05 (-1)

I .B6. 03 1-
1.60+.13 (-2)

NtrE 1.
3.37±.03(-2)
1 .341.02 (-2)
3.701.09(-2)

No E 1

NOTE 1
NOTE 1

0.90+. 4.0(-3)
NVlE I
NOTE 1

1L.401.04(-l)
3;*6Q4.IU(-3)

n -TE 1
NOTE I
N n. CE 1,NOTE I

N OTE 1
NAIE I

N{T F 1
NOTE 1
NO E 1
NiCTE 1

OCIE 1
NOrE 1

I 0 F E 1
NOTE I
NOTE 1
NJTE 1
NOTE 1
NOTE 1

N OfTE 1
NOTE 1
NOTE I
NCTE i

6.00+. 60 (-3)
NVTE 1

NCll 3 TIs E' ,. LIIL Fr't.! HtkE PEFN LEFI C'VF CLE I( HALF LIFE (IOR(E(TI]N.
Coi, t11-tI :| , E S'5I I ,tJLCTtiEo %li . AiRIk EMIV IC v;Pr AI'U[).. vITH' < Nuf LE S



TABLE 8.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES
f;F 't, ij C 6 r-L Ju

CATE

I T I p.1 IETireM. L I C E

1-1321

134
-1,3

0 E-'Qý

CS-137¢$-13S

NO-2ALF-!l
IIN-54
ppK-t t
FE-5q

coCf2'6C

SP-91ZN-91SF-T,

'-92
ZIF-95

tF C-ri (FL•-1C3

AG-13CM
SE-124
SB-12

E-Ili

BA-13S

OA-14C
A-14C
E-141

H E- ]1,4
EU-]I 52
EL- 14
EL-19kh-187
NF-2.•

145.1114 •. 2012 9/20
1 'e~1

9/22
143t

9127
1130

tlýF (*ý.U, li.E'S/P ILL! t. 1TER

71 ,7--3)

3.P.• (: ÷C 5(-• I

1 . 4 -2. 1
1,:0(,t2. C1 (-3

4 9-4
3 )

I CUI.C4(-3)
1 ,Ib1.9(-5)

'1.-. ( -6
4.3e.. -( .)

.'r 4o6 (-3 3'.o .ji 4.• -.)

'CTE 1414

1.u±.4(-3)

?1 4 4

'1.94-5)

,'4.24-6)l

4.46(-z 3

'44.11-4w)

43171 4)

4* 1!4*` (-2)

9 4t

?*( 4.0' .34-3 )

~~'21

1.A34.4 (-ii

1 .l1 3 )

+ ?0 , c t-,

7:*,9 1-4)
'3',.21-' )

{• C:; .4. (-3 )

< I c . " -i )
j =(-4)

(.1.3 1-5)5,. rU+2 . lf,)

t (-4)(3.61-33

.'4 3t •.'2 ? $-! 4

41 1 -0 42 i-t

'." .3; (-5 )

'" .01-4)
(4l,•(-5)

'1,1 (-41

4.c,6,.l04-2)

t,4+ .Cob(-Z)SC 13 .0(-2)

(C,1{4)

j IL fI)

33E±.C(-3)

'?.7+,f-.)4.73;,02 (-3)
b' . 0(- 4)

I :21(-4)
1.31(-4)

••2•.b(-3)
7 . :- c ± * . 4-

421 ,7(- 4)

42.8t-3)
434.71-4)

4 7 . e r

2 c. '-Cl .*Q (-4)

417. 3 (-'. I

<1.4 -3)9, 1± +.*(41-3)

1.12'4C(2-Z
3.44;. (11-2)

3,60!.,201-2)o2.51-3)

2 058.. C(-3)

<2:3 (-2)
I,.4 4.(1-2)
2,61 ,C 2-3
I .ec:l(c1-41f,0+0 2 ,O(-4)

1. 16 1 .,C6(-5)

2.551.(C3(-4),lci ,C (-3)

<3 .0 -4)
'1.3 (-4)

.00418.01-3)
3.701.20 -5)

2 0C' 2 IC( 1-t

<.3.0(-5)

079- 1-6)
<6 a-0 (-')
4. e.l(-3J
.3.6 (-4)

1. 20i. !0 (-3)
<I . 0-6)
<4 .3. -3)

47.1(-53
7.0011 .0(-6)

',l0,.tC(-5)

<505.(-5)
2,90. -6)

< 41.C13
4W0± 014

9.00±2.01-3)
1.244.,;4(-2)5.i 3±.04(-Z)

<3.81-2)
4.39 02 (:32.74+,O9(-41
5 2 0 . 0 4 (-3
1.07. 1,(-21
4.0001.00-2)

't.33 3091-31
4 * -4:C;415.201.301-31

3 .10 09(- 4
3,90i940(-5)
1.741.01(-2)

14.5(-41
<2.0(-4)
.2.8(-3),10±. 70 (-5)

4.90;t.70(-5)
1 .6(-4)

<2.91(-5)
9.010.30(-6)

1'46(-51
C3.71-4)
98.9(-2)
'4.2t-4)
44.0(-3)

9.Co01.01-6)
1,521.12(-2)
Z.ECI.404-4)
3,OCIZ.0t-5)

47.3(-51
17 .2(-5 )
1194(-4)
91201-54(3.6 (-51

1.30±. 101-3)
'2.9g(-4)
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TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES
•PAACTF CUCLNIN

WA!E

IWL.CL IL E

8P-6•t
1-131

-13
--132
-13'•.

Re*bq
CI-134
CS-137
$-13E

0$-139

CR -1 1"N-!-4

MNt-5t
FE-5S

SF-9]

Y-93
lk-95

F(0-1C 3

AG-1ICp.

sB-12,
IE-129fME-li9•]

E-131F

TE-132
!FA-13r,,

A-140
E-141

CE-144
EL-1 2
EL-I!54
EL-I!!
%-187

Ic1 4
1 128 1 I/i2

10/ 1&
1 '49

101212
1431 94C

5.724.C3( 2)

1.C;.10(-21
7 .(; 10 2)

4.*0f.(1-4)
1.40 , 64-3)
109254'* A4 -;)8 .62 .1 (-2 )

1.27+.C2(-2)
7 .98± .C,0(-3)
7.64.0 1C(-4)
6 .•,C .± C- )

3.17±.C3(-2)
6.pc 4.2c(-4)

41 05 1-1 )
('43 (-4)
<3 .L,(-4).

2~ 13.•(-2,)

i.40±.CI (-3)
* 4C,* 6 C -5) 1
(3o61-5)
(9 .91)2.9-j! . Bl i-I< a .0 -( -t )

<2 .t (-5<i.] (-I)
A0.(1 4)
NCTE 1

.20 t0-iO14
3.704.tl(_•)

(2 i'1 •••
'1. (-4)
<1 2-3)'5.7 4,-•

NC E 1
15.. 4 .0? (-2)
I. t5l.cu (-2)

O I • * C 5 (- )

t. 36;.30 4-21
1.60±..C (-4)

V.C4" .O (-)
't1 ',(-2)

1.he .C2(-2)
7.c,• 4 .((-3)
7.204 .01-4)

2.c•f .C31-2)

12 .4(-4)
2 .c: .r~ e -4•

1 (3•:i 0 (-5 l

(2 .4 (-3@4o* . 4. 2ý (-f)

lc. , 04( (- 5)

-. 2 1 )

'49.F 1-54
<t, *(-2 )

i. 401 1(-!4

i £~. 1*c 1

49 .7 1-. 1

iCTE2 .. 1-3)

'2iý4.6 (-4)

rbri L I
*.e .± 09 -2)

4.7CT.30(-2)

1: . (19 0{ 21.7'cj 10 (-41)

3(11.034- 2)

t.L' ±2(-4)

6 l 4 ± 065(-3)S. e • * 3 ( - 1 )
4.±0 .2(-25
1.1C* 20(-2)7.1•(1.(9-3)
7.94±.O9(-4)

6.17.±09, (-4 1

3. 11±03(-2)

4 c "1 * 4 ( -4t)

12. (-4)

l2.qCC±. (-4)
<3 98(.i104-4)

2.82.0s(-2)

(3.9 (-5)

'4.01-5)
'1.54-3)
'2.a(-4 )

<9ol(-•1I
2.iC,_.,0 4-2)

'6.0 4-5)
'2.• ( -6)

i .9C+,6C1-4)

'1.11-5)

2,2C1.20(-3)
2.20±+."3(-4)_ ,

F.10±34.0(-3)
1,78+.c1 (-?)6 .4 1 :" C l5 ( : 21

5 .1('. (3 1 -2,
E0 TO.20(-2)

t.031.0C3-3)
.• 944o.(;-4)17.50 .C3(--3~

5 3 -I#

1.21 C3(-2)1.3t.4(.1(-Z|
14511.(21-3

1.171 (3t-:3

S.P6!.(3(-2)
2.141. (34-3)

(2.9 1-5)
('51-4)

'. ,i (-4)
A2 .9 (-3)

1.L9±.C21-3)
1.82±. C2(-3)
•, . 1 . (-42

(A 34 (-4 i

t:4o0 1-4)
C7.6 ( -4)
<8.5 (-2)
I5.2 (-41
16.2 (-3)
-1.2 (-4)
(2.1 (-2)

'3. .4 (-4)

3.3C01. cO(-3)

2 .4 (-!)
I o.7 (-4)

3 901. ,0(-3)
1:761.C4(-3)

'?.1 (-2)
1.634.01(-c)
5.93.t.05 (-2)
4.831.04 (-2)
8. 7L * J(-k4)
t .351.071-2)

44 4(-1)
<6.6 (-2)

6.121.06(-3)
2.2 4,. 09 (-4}
7. 9 '±.03 (-3)

'1l.91-11)
<1.74 1)I. 13±.oa 1-2)I • 1±.01 (-2)

1 .*49T.0 (-31 .50•..08 (-2 1

1. 19. 03 (-3)
S.C±.07T(-1)
5 .27.03 (-:)

f).0.02 (-3

<S 1(-4)
11.2(-3)
<4..41 -4,)

7.701.20(-4)
2.G5±.02 (-3)1.69±.G; {-

&.301. 20 4
42.0(-4)
'3.74-5)*. 10+. 60O (-5)

46.6 (-5)
<6.9(-2)
<2.5(-4)
<2.4 t-2)
'7.2--5)

2.204.60(-4)(7:2 4-5 )
43.7(-5)
'1.1 (-41
'41.44-4)

<.2- 5)'2.11-S )
<2.4 (-41

3.7G!.20(-3)2 .10_1.204-3)
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TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES
PFACPfJ C0CLAN!

NICI p E

1-131
1-232
1-133
1-13A
1-135
RE-8i,

Cf-134
E S-137

CS-139
NA-24
CN-51

t4E-gbft-"

wFL-3( 7

QE-12t

TE-921
1 E-129

Y-lt:-~

N E -9 ' 3

1 E-13.1SE-132
Sb-124

LE-141

CE-12A
FL-132

EL.-IS 4
11-132c F- 14

III/ f

??(

J .'1±oC1 |-L1

4
E .30T. 104-2)
r- ,6.960C 'IC (-,e
3 .OOT• 70 (-1?

. P,2j.("7 (-k)
I ,3'±. CU ?-23i
I .72+.c(2-1)•4.U 1
1,41I.+.( 21-2J
1.594,.1A-2)

t. :.,i 07 (-" i

2 , 2 Z; , (-? )
.... 4. t- 5

3 - P ( -3 .'
S9C .4 I C (-2

i I! .. 4(-S<,2+L3~1-3)

e ,C A).3%-5)
<241- 3

2C2 ?- C

i.h2C+3i 31,5

tl 2 d.CL .-4
Ad2G'+ "C(-S

13/13
i134

(9.,) - 3)

6 C 11 0.42 (-2)

7.22±. 094-2)

.4 3(•. *g (-3,
7..2?±..A (-2)

3.311.U44[ 3
3.eCl.2.4(-4)

0 .504± l 1-o
,F 1 . v4, (- 3 1<4 ? * (-4)
1;-.0 5(-3)

f, (-4)
*41 2(-34

j' ( -4)

1 qI•,05'(-3)

6.44it-4)
<1.Ž (-2)

<2,P.-2)

1 *c+I.! 0C (-4)

.tC.2.•C 1-4)

•2 *2 .4* (-4)

<€ .4(-41

4~.42

11/14
1308

140TE I
2.5 6.0t1-2)
1.953•,c.0 -2)

4 *

I.C89±.•t -2)

2. * 1.1-12
9 .0.30 -i

1.11 .02(-2)
1.32 .CLd 2)

1 .0 .7.(-
5 . 16i .C4t-2)

42 .9 - 1
2 531-A)

'2.501-4)

.<.CI. C2 -3)
2.C?.l(-3)

4;5 4- 427040±+2,0 -5)

<I.0(-3)
'i.2(~2)

30.204030 {-4 I

'I1.1-4)
'1.11-A)
<! .3(-5 I

<2.14(-4)
<2. 31-4)

111/l £
21.55

11 ER~

NOT E 12.G41.{3-
5.32T.C7(-21

21

.43 4".(B(-2)
7,0-11,CM-2

N•OT E 1
1.984.3 1(-3)

NOTE 1
F*9O+, 3(-3)

141 E 1
NOT E I
NCT E 1
NOT E 1
NUiE 1

NlUl E

2 h 2 1 1NOT E 1

NDT E 1
Fi I F 1

N•TE 1

tS4JTE 1
N -TE 1

NOTIE 1
N0T E 1

NOT E 1

h01 E 1
t, UT E 1sclE II

NOTE 2

1'SOE 1
iNOl E 1
NOTE 1

Ni 31l E I

nOaTE i1NLTl E 1

NOT E I
NOT E I
i w1E I

11/14
2257

NOTE 1=2.52+ 0(4 -Zl
S.371:04 (-2

6 671.061-2)
5 .(-6 4 07 (-2)

Nr E I
NOTE 1

7.60_+ 101-3)

N fE I
NU FrE I
NOTE 1
NOTE
NOTE
NOTE
NOTE 1
NCTE 1

7.S±+,301-2)
,,1l4.09 t-3)

NOTE 1
NOTE INOTE 1
NOTE 1
NOT E 1

1C E I

NiOTE 1
NOlE I
NOTE 1
Ml OfE 1
NOTE I
NOTE 1
NUoT E 1
NotiE I
NOTE 1
NUIE I
NOTE 1
No- E 1
NOTE 1
NOTE 1
NOT E 1
NUTE 1
NJf E i
NOCTE I
NOTE I
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TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES

C ,E

1-131
1-132][-133
C-134
1-135

C t-134

tS-138

CS-139

CR-5 2

PIN-5f
FE-F9

:.CC-6CJ

$R-CI

Y-91P
Y-93
ZR-9!
t8-195
MO~-99

RLD-ICt
PC-llCt¶
SP-124
SI-125
IE-i29M
1E-12ý
TE-131P
7E-131
1E-132
84-139

CE-14l
CE-143
CF-144
EU-1.'
EL-i!4EUJ-ib5
h-IF)
N•F-22=c

11/14
22?57 ICa zoo 303

VML%'Lk!CLE;/PiLLZ It1TEk

11/15
403

N~CiE I
1.?21.C2 -i)

1± I L I(-1)
1,.2•.l I- IC:. 19±.CA (-2)

-, T [ 11.25±L.C2 (-2)

I.23_.C3(-2 )

rif U"( I
NOE TEI

NCIL 1
N LT F I

i'C1( I

'n(.TE 1
CiTE I

i CTE F
IN 'TF 1

-NLT 1
h CTE 1

N TF I

t, L. T [I

NLET 1 1

M CiTE 1

rCTI

•T•

CI TE 1
W E I

NLTL F

S147 C T 1.1
.A9 .01 t-i)

1. 2 .4 -

,N,; E I

29C64 01:i

2.C01.0c6-2)
t• 4TE 1
t",• rf 1
Mo NE I

r L ' E I
t'CLE I

I G5C .0l (-1 I
£',14*13( 3)

4LIE I

tiT f 1

LT E 2
:L t

N' F I

N', L I E

L~ I
j'T F I

•L'1F 1
1'' L~ 7

ILTC 1

~LeI

Nu>JE I
k2..7 tI07 . -1)
1.71!.0'(-2)2 •1 "•±. • (-2)

NUTE I

2 ,314.0 1-2

NOTE 1NicE I

NUTE 1
NOTE I
NJOE 1
WiTE I

NlUe 11 C± .07 1-1)
6.204 * iO(-3)

lTE T

N T E 1

tiT L I
7! E 1

•TF 1

NJ TL I

W77; E I

Vit 1
sirTF 1

N TE I
ri••TE 1
rN.01E I

NC' E I

NEI E I

N 01E I
NJ) IE I
t\L! II
N P-1~ I.1

<1.3 4-3)
2.66±.C2(-1l
1.40 *;.C1(-1)
2 .Z.Cz(-1)•1.i2$. C61-
1 .23. .cl=J
4.504. * -z0

.3* 30(-2)

'~,.1C -3)
44,1; t(-B)

41.5 I-2)
7.IC+.20(-3)
1.29+.C1(-1)
i•544.C1(-2)
Ti.C8±.C21.014.6C61:2

34 .4,. (5 (-1)
2 .011.C1(-2)'8.=2 1-5)
5.C0+2,.C(-4)

'<37 (-4)
<*7 (-3)

1 1.1.C1(-2)
1.4±* 4 -2)
<l.Z(-3)

(.90.4 * (-4)

3 . 00,1 .0

'3.0 (-3)

0.j E 1
<4.9 (-3)

9.1(±1.,9 (-4)
<Ie± 1-4)
<: 4 +. 2; ( -4<•,.8 I-')

'3.2 1-3
'ct * 4 (-' )
'1.8 (-3)

e.801.3 0(-3)S. 3o!. 3o(-3 )

NOTE I
2 .bO+.07(-1)1.24±.01(-1)
2:141.02 (-1)
9 30±. 37 (-3)1i* 104O0 (-1)

NETE 1
NOTE I

248!.oZ (-2)
8.711 .33 -31
2 .4!.04(-2)

N•TE 1
NOTE I
NOTE 1
NOTE I
NOTE 1
NOTE 1
NOIE 1NOTE 1

.901.101-1)

N4,T E 1
NCT E I
NOfE I
NLTE i
NOT E 1
tior E i
NOTE I
NOTE I
NOTE I

NOCTE 1NOT E 1
NOTE 1
NOTE 1
MO0TE 1
NorE1

NOTE 1
,10TE 1

KLUT E I
R;O;" E 1
NOTE 1
NOTE I

crf E I
tM UE 1
N OTE I
iNCTE I1
kOT E I
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TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES

bIE6, 1 E•
i •I týE

-132

--13
RE-PF

C5-134
Cs-1 3t
CS-137

CS-23e

CF-! I

CC-5.7
•cP-•

CC-!

V'32,,65lR-C

W-91#1
Y 93

PC-99

hc--11C1
lf-12'4SE-325

!E-129i'
TE-1 31pW
IE-131
7E-132DA-2 I-

LA-1'4C
CE-1',1
CE-l'i2
CE-144
E L- 1- i
EL -1 54

NF-2?9

1i/i•, 7I J, 1II1I • 11/15
905

r.rTF 1
j1.14.014 -1)

. ,icT,20(-3)

-.rTF I

ScTI I

7,3I.C2(-l)N'L T E 1

NuL i I

uCJE I

td:I!F. 1

E. 7 34.tc (-1)

K, L'i' E I

)LFI

N. LV" E I

rL1 F 1

'ýj0 IStL':iE 1

H, T1E 1

P• 'L E I

r~tlE I

.' F 1h.tj.C4 -

1 031.04-
3,5ý31,24t-

2 'C.C02 4-

2 4 P44: -4

;dTE '

NSCILf

rI

k rCTE I
ECIE E3.,b6±,Cq(-

j .494.4:34-

I

L• T E.

vN C L I
.'T E 1•I'TE 2.

', T E 1
hs 'r 1

NC7 E 2
qC)F i

ILTE I
,f:7IT" I

\( TE I

7iL'T(lE .1

I i 0 aC
ii1C~.5-11 'Is (

3) 4.AC , -.2 ..') 7.30

N *) F 1 4120

2) 3.3q±..:2(-2) i.35

2) 3 ±.lCS(-2I 3.27
02

htT F i '.
1,7 E 1 3,89ý

fttE 1 7,57
C:T E 1 ; ,4O

NiIE 1 ',90
,.rIE I ?,:3
N'. 'i E 1 .80-l ,tq;+,OF(-l) .Ub

2) 1.,l i4 02(-2) 1.23
•TE I 9

lul-rE 1 ~ ,

P~f. 1 140L,.' f' I I

j -rI E I ,b11
1 '• iE 1 1.57
liYrl I 1.170
rjP E i (3

PG IL I 7,G
Cl fE 1 5.1 c

NL I E I '

N (I E I

rdiE 1 2.7C:
Ni'l E 1 7, '

NCIE 1 1.70
P4I. 1 4'2t-ti'E 1 '2

t1 UE I c 2

': E 1 • 1(4
6,1 cl f .14

.C 41-21
+:(1(: 1(2
12.6 (-4)

I. ( 1-2)
.24-3)

iC2(-2)
,C24 -2)

2.(( 3)
2,Ce'-2)

0 o(-Zj
±,CI(-2)

T.3(-4)
4.0 1-4)

t.o (-4J

97 *34-4)

.2C(-4)
.9 (-3)
.4 t-3)
.7 1-3)
. . k0(-4)
.7 4-3)

. .tot-,,)

.20(-4

s814-4 )el (-3)
.•64-3)

*.2O(-5)

00 1-31

NOTch 1
,*14+.04(-I)

28 .041.04(-2)8,ol.oG3(-1)5:,0.t2 3(-:4
726_+.69( -21

NU(E I
hOl E 1

3 45+.5(:-i)
1 .181.06 -2)
3.3 7.04(-2)

42.;2 (-,4)
NOT E I
NOT E 1
NOT E I
N u E 1

N£r 1
N OTE 1

NOTE 1

iOT E 21
(',ITE 1
NLOfE 1
NOTE I
NOTE 1
tiCrE 1
NOTE 1
Not E
n••T E I
NOTE I
NMTE 1
NOTE 1
fliTE 1
NOTE 1

NOTE 1
NOTE 1
NOTE 1
riP E I
NiOTE I
M OTE I
iiOT E 1
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TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES.kFICICE COFL0I

CATE

NUCL itF

9R-E.A

1-131
1-132

133

1-13!
RE-8B
RO-869
CS-=124
cs-12t
CS-137

tND-24
CR-51P•-54

, C-5SCIE-•C;

ZtH-6t
sp-91• ZRl-"¢
Y-91P

SE-12AUE-1Ut
SE-124F

E-12r

1E-13C
CE-12A

CE-1&?

EL-14C

h-1e7

NF4-23•

11t1lS i1/1-
1.00

1111!.
12 f) .

1111 ! 11/15
1400

P TCP CCL*l Er. / ý.ILLI 1.11 ER

fqL1E 1
2 .9ti.Ct (-I)
f.331.C7(-2)
A.91±. (3(-1)
2 .bi~1 .1 (-3)

1T! 1

'(5em~t 4)
NLTE 1
N CIE I•rrr I

NCIFE 1Nt, OT F I
..Trf 1N•E I

NLT E 1
2.224.COJ( L)

•[T 1

Q7,O F I

NrTF 1

C •T F. 1
C•r INLTE I

k ru T F I

hr.TE 1

N• TE 1

I ,v fTE I

r•.TF 1
NCCTE 1

r CITE I

fN ET E 1

bCf E 1

htrTE I

N ',T E I

r;\L.TF 1

2 . 9 2.-
1-.e.qI.•C(-z

,4CTE 1

3..1?(-4)3 0 .10. (-Ž )

FETE I

I I•,i[i E

i CTE 1

I t..T I- I
IN C. I0E 3

14ci E i

FrIE I
NCl E I

NU7E 1

'L.TE 1
NCT E 1
NtIE 1

CET E I
L tE I

\T•lE 1
tOTE 1

,hClE I
t•CTE 1
#'• LTE 1
t\L!E 1

NCTt I NOTE 1
2.g+,0:'(-1) 2 , O±,c2(-l)
e .•C±. j()1-3) A .o0. C(-2)
1.6Eb±,0Z -I) 1.69j.C2(-1I€2.•(-• ) 3. (-4)

.. , CiT :i- , t,3 I, I.-2

tTIE.1 O,Eu~ I
3. • *,03(-Zi 3.A2+.C2(-21

3.'I.Cb (2)3.35e+.C4( 2)
ENTE 1

NOTE I NOTE 1
N.•T ci Ffl 11D
NOTE i NOTE 1
h6TE I PIN't E 1
tViTE I NOTE 1
N 1 VE I NIOE 1

85•1.0+IC(-3) f.Ai+.C9(-3)
V. u*TE 1 47'TE 1
NUT E I NOTE I
, 0E 1 KLI7E 1

N CTE I NOTE I
Nf,;lE I NW3TE 1
N'UTlE I N'iOTE I

&lIE I NOTE 1
01i . 1 NOTE 1

NOTL 1 NOTI I
NCIE 1 NOTE 1
NC uF, I NrIE I
NP I'.' NOT E 1
N.TE 1 NOTE 1
hCT E I NO L I
WIT'E I" NUTE 11
NýTL•T 3 NOTE 1•CiE ! M'TE I

N, E I ACTE 1
tOIE 1 NU'E 1
NO TE 1 NTIE 1

TiE s NOT E 1
s 01 C 1 NUT f 1
N CIE NOTE I
NOrTE 1 NOTE
PiGE 1 MaiE
NOTE. 1 NITE I
N cE I iCTE 1
NOTE I NOTE 1

NOTE 1
2+781.06(-1)
540+.09(-2)
i.6T2.o7 (- IHVE• I
3.94+.07( -2)

NDTE 1
NOTE 1

3 451.04(-2)

301,04:03 (-2iN•OTE 1
NOTE 1
NOTE I
NOTE 1

ýOTE 1
•ITE i
NOTE I
WOrE: 1
NOTE 1

b .65+. 16 (-3)

NOT E I
iNOTE I
mCrE 1
NOTE 1
NOTE 1
NOTE I
NOTE 1
NOTE I
NOTE 1
NOTE 1
NOTE I
NOTE 1
NOTE 1
hOTE i
NOTE 1
NOTE I
NOTE 1
NOTE 1
NOTE 1
NOTE 1
NO(E I
NOtE 1
NOTE I
NOTE 1
NOTE 1
NOTE 1
NOrE 1
NOTE 1
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TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES

iLll / ', 21,1...!tC 3 i/1t. 11/2C
805

11128
1532

NbCLIC E

BF9-84
I -31

Iaa
C -13.4
pp.bý
CS-136

CS-137
CS-13f
CS-13cNP-24

Sp-ýl

ph -5 4

ZP-1i5
&CE-65

Rt- S q

pE-12•

7 E-1312'S
IE-131
TE-132
EDA13S
EA-14C

C E-141
,144

EL-152
EL-194
ELI- 1 :5 5
EU-101INP-23q

~ 993,.07 (-2

t~T1. I

CTF I
3.74.c2(-;,|

-C• E L I

rCU 1-
,LCT F I

KLT I

a.£G . ( 1

:NLTE i

N" [iT 1 1

: 11 F .1

i•aF 1

L-(.TF I•6TE 1

!,,.;TF 3

• I
NC.' t: I

IA"Ti I

3,._.0• (-2)
k' cl F 2

;•r T .
cIE

2 a' 4 Olt-?

C• T' E I

..I , I

I:'' E .I

rir3
0r E I

,t* 7 - i

, F 1
I'-tTF 4.

S.1

1,7 E 1

f,, kI 1
•"'fl .L

W. ,2 0 3 1 -
5 ]2*.31-4)2 .C1..Ilt2 1 -1

'2 . 1-4)1 .S,1+.C.(-3)
42 a (-.4)S5.8 (-4;)

3.C9±.(S (-2)
;*0+41 o-* 9 4- 3

-4 1
4 t -l 1-2 )

2. 9C±.60(-41.,.90j..C(-3J

* .4fl.c2 -21<'& 21-5)

2 131.0? (-1.)
. ,K E .0 (-5 }

('1( l-.L)

2 . I(- 3
'.2.5 t-32

2.q9C.4C(-%)

1. 3c,. •(-,
4 q i+1f;4(-3)

G.9C43(-5)

4e3 (-4)

4•1,8 (-3,1.8.(-3)

'3.27(-2)'4806(-4)

'2 .14-4
43.3(1-4 )

(2.2 -2)
1± 3 -31J

C4 3(-4 )

3 .00 .0(-4)

<2 .7 4-4)
<3.1 (-! )
<3..8 t-3)
'.q .161-3)

31 * c±*2U(3
(4.8 (-4)

N U7E 1
<.1 . -f.).10±. 20-3

2 .4 2+ C 2 :3
'2:0 (-5 )

?. 7 cl . 3C (-4)3.40±.,c31-4)

4.91". C2 (-3)
'4.7 -•)
'2.4 1-4.)
'(3 4 (-4)

1.643. 10 (-4)

1.26±. C3 (-21
e 8011 a61-5)

45.1 1-4 )
'3.4 1-5.)

.00+. 101t-4)
4.711± 401:4)E .80±3.2 t-,

'1"-•. (-3)
'46.2 (-!:)
( 9 (9-3)4.8v+ 40W - ,)
'7.0 (-4 )

41"*2 4-3)

<'+ 1 (-5)'2.2 (-4)
<6.98 (-')
<'19 4-1))
' 2.8 (-3 )
<1.2 (-4)

10 1*-±.-C t-31

<7.01-5)
4.85A.06(-4)
7:901.80 -5)

<1.1(-5)
4.5C+.C 20(-4)

'1.2ý (-5 )
S3.71-')

I,£.81,01 (-3)
5,601: 3 (-:5)
1,UZ!01( -3)

'1.5 (-4),i0TE 1
9.kq4(-7)

1 .98*04(-3)
3.601.05(-3)

'.I4+,0(-f )

4.404,2( -5)
2.2b:.02(-2)
6,1CI.10(-4)
79.013.1 (-6)'1 .3(-51

A9.11-5)'9.0 (-5)
5.30+,80 (-5)
1 111 07 -411.25T,021-4)
4E01.,60(-5)

<9.6(-5)
8.104,60(-:5
1.24T.074-41
7.407 1312-5)

'3:11-4)45,8(-4)
2.1(-5!

'1.4(-3)
6.4(,1.9(-5)

2 .bOI.Z(-5)

'1.21-5)t2,9 (-!)
4oA' (9-5)

4605(-6)
'4.7(-5)

1,611.07(-4)

WE is
H " f c.:.;tEl hi-,VE L•LF' LFI-'71 • f,;• i 1U: HAL- LIFE CLRKECTIJNKCL A,: T ,tEO , i,'I F Aý 11 H e. I IIC 6PE W•IE.N-" iiI TH I NUftrBER.S



TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES
VE DCI MF !LANI

Jl E

HUC1.1rc

OR-EA
1-131
1-132
1-133
1-13'
1-13ý
ge-EIk

CS-134
FS-1 B 7

l•-3e
¢.- 13•
NA-24
CR-5j
FPt-56

CC-!7
cc-wif

SP-91Y-5lp
Y-93
ZP-95
N E-9 !

IC-IC -
AG-IJC-C

SB-124
SO-12!
TE-129P

1E-i31i

TE-11
84-)2?
LA-IAC

CE-i I
CE-lA "
CE-14'
EL-15i
F L- 1.#

HP-23C

lle.'
!C30

12/ 4
2ioc

12i 6123 C 1211--
121'

12/18
1530

'~CiLL~k.&~/PliLLlV( ER

4 .2C+. 20(-4)2 .3O;,10(-4)

A <: l. (- 3)

'1.71. 4 (-5

'I.3 4-5)

si,5i2 4-4)

1 9. 4 C 3 (-32 1

< 4 1- 5 ;(

27.C:14-4)

1.2 0 (-4)
3.V.(-5)

< 1C.iOI-4)

<2 .4 F-5 )

'1,. (-A

4.0 1.l(-51I
8• ,70 .7 -5)

1.31.!6(-4)
( .43 :(-5 )

<6 . (-A5

'I.. U , ;:-A )

ICT E 1

0!Q F I
Ii TE 2!
t•r1E 1t'! cT E 1
NIE I

A 4 . (I (-3 )1. et+.2C 4-4)

CZf 1. 1

53102 1-:4

107013±10f 4)3

7'E I

< ~(-4)

,.<Lc:l'r I

(:TE I

'2 .C(-5)

h. j,.•4, *j (-4)
1.7(4.104-4)

•[T 1

<3." (-4)

'3.84 1

'1.84-4)

<1 .• 1-

'5.7(-4)
x2.89.6(-4r)
'2.24+1q-5)% 5 7 - 1

SECTE 1

NCFTE 1
*. 10.1 (-6 )1.1+.04(-3)

t•CIE I
'•1.14-6 J

* 36 +,¢C4 (-3)
3.21;.C4(-4)
7*.-,t .4J0 (-5)
7 4 * C(-54)
i.4 5.C1(-2)

'1.24-4)

.? .3 (-4)
Cl .*40 1-5)

1i.12+L(-f )

(1.64-4)
(?.3*3 - A)
•8.8(-A 3
'1.54-S )
'2 .3) -2)I

(3.7(-3)

• -. •21.-5)

(3.64-5)

'2.2 I-5}
(5 _*./ 7-5)

'2.3 1-3)
'3.2 (-51

1.2 4- )

NOTE 1
NtiU E 1

I. sL,. CZ(-3)

4:74!.C.6(-&-.)

1 09±.C34-3)
<4.1(-4)NO•[T E i

<*°14-7)
A 53÷.M-3)

<.3I±. (-3)
3.. (-5)

3.L•0,±. (2 (-4)

'.c.•3 I-S)
'4.1 (-4)

2.179. C(-2)A.32±. C9I-4)
4. 70±2 .44-41

<1.84. -4)

<6*4 t7-6)
2.20±. C7(-4)

(2.3 (-A)
(1.2 (-3)'3.5 (-5)
(2.9 (-2)
'6.b 4-b)
<1.6 (-4)1 0A+. 204-4,)

2.40±+. 20-5)
(1.5 (-5)

S * 40±1 .8 (-S)

(3.5

ko.6t-4)
b.*00.04(-3)

'6.2 (-5)<3:6(- 4

47.24-')
'6.04-4)
1481.04 (-2)

7:00-;.30 (-4)
S.711.01(-2)

4b.3(-5)
41.3 (-2)
' 2.8 (-f6)

3:1!1.04 (-2)
(3.2(-5)

10.051.01 4-2)
9.A4.t204)
3.591.ob (1)
2oe821.02 4-2)

<1.4(-4)

<6.4(-41
8.901.I04-3)
1.501.021-2)

4(9 .b +.-5)

6.201.60 (-4)
4 .to;.20(-4)
3. AO43 .t (-4)

(1I.3 (-3 )
41.34-3)
<1.3 4-) I
(1.2(-3)
'A°0(-5)
<2.74-A)

3.9011.b(-4)

3 .90. 30 -A)
'8,44-5)

<'ý o4 -4)

45.0(-4)
<149(-4)
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TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES
f r ' :1 ý ,' L A,*

CAl I

N'1(Li'L F

1-132
7-13,
1-135

RE-bb

CS-134
C$-137
CS-137
CS-13q

(P-51

FE-ý5S

cc-cc
CC ,-6C

Y-91ivY-9?
2R-9!

EL-1(c
RUE-1C6
AG -1 10 I

SP-12t
1k-I 2 q
I E-1 2

€E-1 3a
1 E-2 1.2
BA-lAC
LA-1-4C
CE-14i
CE-143
CE-14

EL-15I
E-Ill
N I:-F •

U 34 1lil
922

fill
i41;E 1120

605

i I E .IIL L L TEV.

43,• (-4)

'1 .t• -3)
F•i7rE 1

3 t I -1_4

1.52±.~.¢3(-3

3.334 .(.23-2
it *7 4-4)

A L;. ?f'.C (-,I)

< A,_ ,, . .*4 (-,1 .1- )

3 Ž C." 4-2)

4 C (-3 i

4 .4 C.1 . e 02 ( -4

' . 9u | - 1)
't-,2(- -)

c. 20..±O{-•

7 .?uI.3C (-2)

3. 12 04 1?

1. * .* 0o • ,
3.17!K.C.04,3)

3.01 -

< 'A.. * C _A;

?z.2L .' c )

'3.4 +t(-2)I

7.3CC+.C (-4)

<.2 .• 71 , -4 )

4-

F 3 4.4(-Ai

7. 0.~(-4)

c7 t t(-2)

3: *- C.± .3L (-'i)

3 o . 2 U (-,•
'•F .(- 4)

f. (-4)' 7. 4-2)
'2!, 1-3)

'32.1 (-2)
43.R(. -'s)

3 .30 .!u(-4)

<"2.6 (-4)I
'.4-A

4]. ~

'4.4o(-2)

6 -,C+ ot4- 2

9 7+ :C8 (:3

131 4d5. ( 4)

4 oj4 ..
t 9C±.20(1 2)
9.67±C8,( 3•

2- 7 .0 ( 4 4- )

*• ( =.14. .ji1-

2 . (-1

32.(-3 )

3 7 ! .7(-3)

'6.41-6)

'l.C(-6)

?.•1.( -6

<3.3.4-5 ). 1 .. -t )

< .3t(-2)

'1.3 (-2)9,144. .iC(-3 )

S Lj .+ i C, - 3
3.9;C±.C7 -2)

7.591.(3(-3)

<o~ i= C-

<0 .el (44-2)

b.4±+. 20(-3)
<97 2 (-5)

42e (3 (-3)

9 .3C12 .9(-6)
13.6 1-6)

.•.57_,. Cg(-4)6.60_1. f-Q
'c0%.Cl-6)

l.Co+. i0(-3)
47"*0 (-3)<I.8 (-B)
<(.2 (-f.)

2.834.{51-3)
<7.4, i-f.
<3: 6 1-6)
43 957±C (-4 )
<6.63a (-5.)

(3 ,.l -b)
<2'7 (-3)

<2 . (-2)

'7:4+ • (-6,)
<('6. (-5')
'1., 4-5)

<'5.6 4-b)

'4 ., (-5

<1,aC (-4)

946 10 * 9± 054-3)9 .70+i.20 (3

2,T, e06 (-2.)
3 ,49*s02 4-2)
6 ,1T.05(-2)
4. 5.Z7 ,08 (- )
9.70; .90(-2)

N{fTE 1
1.10+.03(-2)

NV(E 1
1.261.02 (-2)7,87T, i3i-2)

6 ,r-0*02 (-2)Ih6TE 1NET E 1
NCTE 1

NOTE 1
NOTE 1i. 2 0 ,+ 6 0 1 4

'1.8 4-4)
ROTE 1

NOTE I
NOTE 1
NCIE 1
NOCE 1

NOT E 1
NOTE 1
NOTE 'A

OCT E 1
NOt fE INO'TE 1
NOTE 1
NOTE 1NO1E 1
NE)TE I
NOTE 1
IUT E 1
NOTE 1
NCTE 1
NO2'E 1
NerE 1
N QJT E 1NCTE 1
NOTE 1

NOTE I
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TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES
.... " C. .... I,,,r,

DOI CLI E

1-131
1-132
1-133
1-134
1-135Re-E8
RE-B;

CS-137
c -1b9
C#-?,,

CR-51
P't-54

C43-57

CC-ýIcc-gfc

Y-q3
N•B-9!

OL-11-2
RuC-ICe
AG-11C(
SO-124Be-lz.r
IE-129 r
TE-121
TE-ia ]j3
7E-131
I E- 13 2
BA- 13

CE-143

CE-144
EL-152
EU-154

EL-18,5
NF-239

I IU S/ 2C
*ý3c

ii 20
12UV

112C12 14 1120
1505

t r : E. I t L LtI

4.60,1.2 -3i

3 .c ,.C7 (-2)

40'.(-2)

~.i4.,C21-2)

1.21t.C31-2)s .er4:..20 (-2 )

•uTn 1

MJOE I
F.j7 E I

ti LT E I

iN Ol E 1

NLTF"I

S.'•C+.et0-3)
1 T20 F I(-

N C r E 1
S. , i F I

l, . l E I. 1

h " "" 1

tN'IF 1

tr.E 1

N IE I

L 7TE 1

T Oi E I

t'CrE 1
• C(TE I
N ! VE I
t C'•"E -I
N .T E 1

., 1 SO i -2 )
1.?1.(. t1-2)

234 1 217 o _* 4 * ri 4- )

f- L I F I

I,2LI.,41-21

I.,C E •C E 1
LT I9 . 2 C! i-2)

S * ~ 4 1 4 1.(3

;L.I1E I
C I' I.

LE 1

I• E I

x ZII•E 1.

'tl'(:I I

•: 1 1

r 'I 1E 1
~ri

c Ei
t E

;,Lr 1N~ 1

I••I 1
LI E I

ANi4.¢•.+.1(-Ii

2.?C+.20I-')
t,2. IT.2 I-

Zo I

1 *31 ±.02 1-2)hkYSE 1

N 70i E 1

NL:
N1 E 1
NIa E 1

N :E I

TM F. INAJ TE 1

N C'i Gr I
N I f E I

E INrfE i

NL: iE 1
N'gT• 1.

7w.O (-4)
1.04.*((1-1)

A.337. Ci-)1
I.OC±. lC(-3)t.2I;L, ic(-2 )

2 o75_+ (9 (-2)
NT F I

I*334 C3(-2)

1.44,. C5 (-2)
12 .4 (-4)

4 C. (-3)
NOTF 1

N'jTE 1
NCT i i
NIT E 1

<1.0 (-4)
•.2 i-3)

<05 (I-)
NI V E 1
NOl E 1

IN c!'i E..L T F I
NOI E I

4I1 E 1
N 0 - F I

Ni rE I
N 01E 1
NOT E I
NOT E 1
NCT E 1

0 1 E It1UTF Ii

QbT E I
NIO E 1••. 01E I

tI(i' E I
c'T 1"E 1
t;OJ i 1

NOr'E-.
9.901.10( -2)
6 *.C41o 03 :

Nt .1 E 11441*10(-2)
1.70 .10(-2)

1 9;,97.o-3)
i •1:; 03(-2)

NOfTE 1
NOTE 1
NOTE I
NOTE I
,cr E 1
NOTE 1
NQT E I
NiTE 1

2,439+09(-3)
NOT E 1
NOTE 1

NýlTE INLJ(E 1
ti rE IN•61 E i
hCT E 1
NCT E I
NO tE I

NC*(E 1
hOT E INOtE I
NOTE 1
NOTE INUrE 1
NOTE 1
NCfE I
NLYE 1
hOTE 1

NOT'E I

NOTE 1
NOTE 1
NOTE I

NOTE I

140 E 1
NOTE 1
NoTE 1
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TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES
i:E A iLj '1 C iL A lI

CIOE

I . F E

I-ITI

3-133
1-134RE-ep

CS-134
{5-137

C8-139

NA-24

f E-5t
C-ý -1

Ct-5e
Cr-tcco ZN-f&-

Y-91F

21F-95

r-c-99

A LE -'A Ct
AG-1 lop

JF-12r,
IE-1 31f:
IE-131
IF-13c
BA.13CP
BA -14 C
LA-14C
CE-141

CE-144L
EL-1!2
EV-155

NF-2 29

112C

NCIE I

t*72*C7-1)

1.407.21*t-3)
2 .17ý .C2 -li
1 .E,7OZ.aO-?i

xFTE~ I

• .0_±. ic, (-Z If. C+ (.+• , --- )
41 *64-3)

L 1
NWE 1

T[•'i I

t,.M E I

orf i ff I

VCi I I

L. T E I

•.'.+.iF I

:C i 1

tr i

ALl

P.ri[ 1

P'N tu t" FI

,L! Ij1.1i 1 1
ii'7tb 1

tcvi i
,L', : I
+,JI 1
'(U I t
i~'Ci 1

61 i f. -i1

5 5i-.*I (-1)
1 30C_.C7(-2)

I. 464.(5t-2)

1.4(4 C.I-2)

CT F* I :

• r'- •'"

<? .'. (-4.

r," C E I

-Ft T
KL• 1

;-I TE I

ir.[•t 1
*'.* 1l

r.'T.r 1.

LIE

r. lT E I

,,L.i I

1/20
2 3 1C,0

*. I I.3 C-2)

1.24t.0 (-1)

I . 4 *,. . Iý (a - I )

<.j.2 (-2)
tNC) E. 11.154.CS C-?)

a. 4C4.4(. (-331
1. A4 .C,4 (-2)
1 .... f _ .',,. 4 )

I' LF I
I "t * I
• F+ E 1

L TE I

r F I

t F I

NuIE I

N{} E ]

if\

TE 1
hD)E 1

I Ti'•E 1i

NJTL I

N'i F 1
tN~.U i

1121
120t

IT E F

J:(IT7] 1

1.859 C(-2)

1.3+. 10 (-

€i .C9(-3)

4 .0 f-I)r•2T• 1

ttl T k1
v d IF IIr•C1E L
rudl 1 1

2 .2(1. 10 (-3)1
I.6 1-4)tiIT E 1
IN 1 E I
wNOI• 1
NO!E 1
r•wiE 1
NGl-E 1

1 t1 E 1

N:•T 1

VOT F 1,
NCIE I
NOTf 1N•IifT E i,'r1E I
f• U1 E I

T, jI 1N,.1E 1
N01 E I
NOT E i

NOT f 1

NIC7E 1
t- 01 1 1

1/26
1352

':70O2.3(-3)8.9O .061-3)
4,C7 ,05 (-21
3,261.06(-2)

3.E41.091-21
4 .51. 10 (-2
1.931 ,0(-3)

19+ 07 051I6 E. -1O11:2|

98.00±1. 2(-n)
4, 21.02 (-3

<s.± (-2)
S.571 04(-2)2. 9UQt.30,( -4 )

L4,01.05(-4)

<4.1";-3)I

8 0021.5 (-3)
' l.0e1-3)

<.2l±.5(-4)

<4,0 (-4)
'2.2 (-3)

161 03(-4
'329T. (-3)
<770O(-t)
45.4(-5)1 20_.5 1 -

<91 *6(-5 )

'3.6(-3
43+*6 31-(
<2,1(-21

<1.;1-4)

le .0 C-6

<3.4( 1-•

<1b11-o

2.301.504-3)
9.2014.1(-4)

f-TE 1: iL i. fj U r I It. f"f F.-t1V I { U 01 IU HAL4 LIFE (VRR EtTiONSE F u FHi• -t"(>1 > 'KVC 'V i. Pt'H L I rE Vii' F0e E A II12 M,• 1 wI .'sH h ERS



TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES
o. F~kt~ ,p cr !"L -i.1

DAIE

-131
1-132
1-13?
1 134

-135
ReB-e8
RU-68
E $-1 3t
ES-137•S-13E

CS-139
NA-24CR-Si.

CE-57
CC-5E

--, CC0-SE;
'o 111-65

sR-(;1

1-91H
ZR-95
NO-95
PU-iC 3F 0 i- (; 9
Ruc-icetDcG-11Cp•

E-123,
Ei-12 5

E-12C

CE-14C
1E-141P

EL-131
EL-154EL-I 11
EU-1ý5

W P- 2.2

2/3i1 33F 2i 8 i 3 212.
95--

31 1
1438

1ý'll L I I

, .50_±2.5 -3)5. 7 ,, 0 (-3)
3.9"7+.04(-21•

3.12.L3(-2i
f.40T.20(-2)

. •.i.20(-l-i

I.'37.C04-2)

1•.331.1l-2)

1.384.C34-2)'1:2 (-3)
4 . 7 30 (-5)

'4,:7 (-3)
'8.iI-6)

1.2 (-5)

<2.3(-3)
<1.41-5)
<9.2(-6)

7 .5 Cj.2C (-4)
t1 .94-5)
291.t(-4)

<3* 4 1-4 1

1 .3 (-.4)

1. .2 4-A )

'1.' (-•)

C2.C . 3G (-3
34 1.(-4)* 2. (-.; )

'1.3 {-S-i
'1.21&-4)

1.1C4. 3C(-3j

F.00,12.5 -3)

1.901.10( -2); .li-j.C:(f-2 )
3.ttj; l.C €.-2 |

<20; (-2)
l. + CI (-2

'2-.64 R)
2.37".(C (- 2

1.20I.1 (-2)F-: € rj2. 3(".(-2
.~* .~. 3( -2)

-tt. 0 -•. C ( J -4

72.9(-3)1.5("'.3( (-5)

5. CO!. IC: 1-")

< .:c(-4)
';2 .74-3)
'I .C4-5)
46.2 (-6)

6sý- .4C (-4)
'< .8 (-4:)
'.4 7 .
V7 .4 t)

. (-C )

<9f .9 (-.

(7.44 {-.)

'1.24 -',

't .70.4-3)

6.2C±1.9 -21

4. '2C±+107(-2)'.577.03(-2)

6.93.7C4-21

1(3 1(-2)9.) .ic+ -()

1.13Z.02(-2)
4.30±1.64-2)

A2 7(-4)
h * 9Cl±.60 4-5)

43.22-3)
'2 .4-5)
1 29(-J)

5.3C±.2.G(-4

'2.4L- )'1.84-5)
6.10±. lu4-4)'2.24-5)

'•4.8 (-4)

12.17t- ?

l'7C.24,-5)
'4.;,(-F

1 *3C..* 0 -2 )

'4.74-')

'7.0Ot-5)

'1.7 j-?)

* <1."~

t.80+1434-3
90.C3+. (o8-3
4.e0±.C5 (-2)

7.80T.20(-2)
1L.04;.C7(-1)

<3.4 (-2)
9.2O_+.(8(-3)

I7o0TI, S1-2)

46.0 4-b )
6.301.20(-5)

'3:0 4-3)
1.30±. 0 (-5)

'C3 .8 f-f )
5.76I.CfA-4)

'5.4 4-6)
1.101.20. -3)

'C3.o14-4)
'2 .1 4-3)
4(.8 (-6)
'4*1.1 (-6)

'I9.i -6)
<8.4 (-.5)
'8.7 (-6)<i.S (-6)
'2.2 t-5)
<1.3# -41
'6.9 (-2)
<'4.8 (-4)
<2.0 (-3)
S1.6 (-5)

I 10±. 30 + ,-)
'5.04l-5)
'.1 t-6)
'?.0 (-4)'2.I1-5)

04 .9.-)
<6.0 4-6)

tp3 -4)
I *C6(. j0(-3)

'9.2 (-5 )

4.S0±2,6 (-3)
2.13±.02 4-2)
3.09±.05, (-*)
3.331.03(-2)

l 00±. 10 (-2)

1.21t.09 (-1)
3.•4-2?)

5.79±.C6b-3)
3.541.074-4)7.• 36±. O08 (-3)

9 .4.•±. 0 10-2)
46.74-2)

6.52j+.30 (-3)49 ou ( -- )m

8._00.304-5)
2 8(4-3)<6oO|-ti<7.3t-6)

6.121.07(-4)
7 .601. 40U-5)

< 3o 8(-6 )
39.0 (-4)

<3.89-3)

<]"* (-2 )
4'1C.4 2v-4

<].2(-5*. 40_.06 4-3)
48.0(-6)
48.11-3)'1.44-5)
'2.24-6)
<3.e 4-5)

'1.14-1)
'3.0 (-4

<5.9t-3)
<1.1(-4)'2.6 4-2)

4. SC+. 2U,4-4)
'2.81-4)

'6.44-5)
'1.29(-4)

'8.00-6)
'•8.14-3)
'3.34-3)
'2.6(-4)



TABLE B.2 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT, ALL RADIONUCLIDES EXCEPT GASES

tL"I A i" FTA' PE
hL(ALVE

-131

1-13?
-134

H-136
CS-137C! -1 3f.
CS-13S

CF-51

wC C-! 4F E- 1C

1-6c

tZA-9!

PtC-Ic
AE-1124

CE- 12

c E- 214It

EL-i.t2

EL-155
kE- .2

h P-2 3]

7 .c I.c7i-3)

.± T.Ž? C1(-2)1.24.C7(-3)

'1.....U-~ )

44 l _.t t -

• .6+b I-f: I
4 4i± Cr(-4.)

'1.1i., (-•)

7.&C.+ *3(-L)

'214-4) '

2,1 1-3

I.1 (-5v
t a 7 1-f;

c,4.7 (-5)<*' .b 1-41

2 . 7 (-A I

'{2,71-41
<'e. ,I -S )

* 8 (-•

* •;.O(-3



TABLE B.2A

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT - ALPHA AND BETA ANALYSIS RESULTS'

DATE
TIME

NUCLIDE

10/4
1123

10/12
1142

10/24
1431

11/8
920

11/13
1145

MICROCURIES/MILLILITER

H-3
C-14
P- 32
FE-55
NI-63
SR-89
SR-90
Y-91
PU-238
PU-239s240
AM-241
CM-242
CM-244

2.2 ± o.1(-1)
*

*

*

*

*

*

2.5 ±0 .(-1)
1.6 -0.2-5
2.1 0 0.1(-4)
5.70 ± 0.05(-3)
1.31 0 0.02(-4)
3.9 - 0.1(-5)
4.6 0 0.3(-6)
1.56 0 0.06(-5)

2.3 0_ .1(-l)

8.1 _.0.4i(-8)
4.9 0 04ý-8j
1.7 +0.3 -8)
1.02 -- 0.06(-6)2.3 ± 0.1(-8)

2.2± O.1(-I)

1.35 ± 0.08(-7)
9.6--.0.7(-8)
2.8--.0.4(-8)
1.65 ± 0.08(-6)
3.9-- .0.(-8)

2.0 ± O.1(-1)
*

*

*

*

*

*

4.6
3.3
7±
5.3
1.0

± 0.4(-8)
± 0.7(-8)
8(-9)
± 0.4(-7)± 0.3(-81

3.4
2.5
4.5
4.2
8.2

S0.1 (-7)
0_ .l1(-7)

+0.4(-8)
0.2(-6)
0 o.5(-8)

* ANALYSIS NOT PERFORMED



TABLE B.2A (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT - ALPHA AND BETA ANALYSIS RESULTS

DATE
TIME

11/14
1310

11/15
303

12/19
945

NUCLIDE MICROCURIES/MILLILITER

H-3
C-14
P- 32
FE-55
NI-63
SR-89
SR-90
Y-91
PU-238
PU-239,240
AM- 241
CM-242
CM-244

2.2 0 0.1(-11
3.3 + 0.3(-5)

1.089 ± 0.006(-2)
2.502 ± 0.009(-3)
3.99 ± 0.09(-5)
2.5 _ 0.1(-6)
3.9 + 0.4 (-5)
1.6 ± 0.1 (-8)
2.6 ± 0.3(-8)
6 ± 2(-9)
2.5 ± 0.2(-7)
7.7 ± 0.9 (-9)

2.0 0.1(-1)

.

5.0 ±0.3(-7)
3.8 ± 0.3(-7)
5.7 ±0. -8
6.6 ± 0.3(-6)
1.39 ±0.09(-7)

1.33 ± 0.07(-1)
1.5 + 0.2(-4)
5.8 0 o.1(-4)
5.561 ± 0.006(-2)
1.042 ± 0.001 (-2)
6.72 ± 0.03(-4)
6.77 + 0.05(-5)
2.2 , 0.1(-4)
5.4 0.3(-7)3.6 _+0.2(-7)

6.4 _ 0.4(-')
6.7 _ O.3(-6)
1.57 ± 0.09(-7)

w

* ANALYSIS NOT PERFORMED



TABLE B.3

RADIONUCLIDE CONCENTRATIONS IN LETDOWN FILTER OUTLET
R(, LE Ffrot FIL F1,ý 00:1

HNlt i r F

3-131

1:13 4
1-135
RI-681-13

-137

--13S

NA-24
CR-!1
P14-54:

FE-519

SR-I;'

#48-95
MC-99
RIJ-103
RLC-ICf

5-124
1E-13 i

E-1241iE-129I1E-13 111
E-13

F-132

ekL- 15 2

At-140
E-14C
E-141
E-lZ 1 t

ft- 15
EL-15 4

W-14•7NF-239

q/ -1
1142

Pill 9/22 1o/ '
114t

10/24
142S;

,?. I C P L ý L i, I E S Pv "A L L I L41, I P,

-' .0 . 3 (-331.7C. Cl(-k)

. .2&±.C~(-2)* 5 8i. 06 (-2

'3.2 (-2)
'1.62 42 -31)

4.322 .(27 1-B )

4.96t.C4(-3)*2tI, * C,4 (-1)
<'874-2)
71I.C(1 (-2i

2 .20.-0(-4)
7 1C,.4C(-5)

'E .O -t)
1.4]1.Cj2(-3)•.] cl.5c(-

<1.6'F .(-6j

<12 o-4i(21.0 (-4•

<3 , -<4.7(-5)f-2
<3 ..7 -''1.14-41

(3 .P¢.• (-6)
(4.74-5)
<2..i(-4i
,(t .6 (-2)

2.01.2(-3)

'1.31-5)

t.C,?±2.2(-2)

1;: * l- 52 i. 1( -2 )

4 . r .C 2(-r-.4c4.C4(-2)

22)1.30 .1C{-1)

9 71.4 2)(-

1.79± C(-5L * 8L .P. (-3)

54 0 (-c )

'2• , (-3)£ .¢ O0.5 (-5 )

<?'.6(-6'

b.6CI.31, (-5)
(&.7 ?(6i
'1.14 -3)
< 411 -4)

<24.)'!.Ltf-3)'2.5 (-• I

<7,-4
I *C:.*C (-5

<1 09(-I)
P. 10!+.90 (-4

1l .3(- ')
1 .4 -3)

<2.2(-?)
.' .C (--J

.2.5 (-4)
IQ ,4(-3)

<'.F(". )

C.oCCI, 7 -3)
4.2a .04 - )

6.04±.08(-2)

.33±1 2)

1.28±.lO( 4)
4 .26.03(-31

:(57.(4.2(-1)
2;5 (-1)1.26±.C2(l-2)

1.F6C.01(-4)
'1 .34-3)

7 .6CI.6.. (-i)
4. 281.041-3)

-j- 1J±.-4)
<"1 (-3

3.4.(-f)
1.I±+07(-3)

1 1-+. i ( -4

'3.42-6)

'4 ,.?4-2)
'12.(- 4
45. 4-3)
'1081-2)

1.04÷.074-4)
'1 .3(-'1)
'r2.34-6)
'2 .I 1-41
'1.4(-5)

(7.9 (-•,)
14.t_.4 -3)

( .59 (-3 )
2 .19 sci(-2)6001 C 7 (-2' )

.321:Q(-2
7 60, IC(-2)

". Or..C4(-3)

C:40'.10(-4)
F 14. C5(-3)1 .?9±. •9- 1

3 *4'4.C2(-2)
2,23.CF(-3)

<4 0 (-3)
1 •. . 20(-4)

1.801.604-5)

9,.o0 .c7(-3)
2.93 ,.84-4)

<2:3 (-5)
<4.6 (-4)
('3. (-4)
<Z'5 (-2)

3.o;±.7o(-5)'3.7 4-41

7.1 (-5)

'4.60.1(-4)

35.6 4-4)
<8.104-5)

s .71154-4)

<6.7M-3)
'1.6 (-5)'2 .9 4-? )

8.10±3,74-5)

<'.60470-43

<2.O 1-5)
(3.5 (-4)

1.30±. C9(-3)
1.4±..• 50-4 )

'14i1-2)
1,72+ 901(-2)6.*10 0G71-2)
4 9 1102(- 2)

1.5Ct.70(-1)

6.491.07(-3)
9 70;1.8(-2)

NOTE 1I lz.1240(-2)

6.f0÷.t (-3)
7*0.604-4)7.80±, 804-4)

2 .791. 02 (-2)
1. 54.03(-3)

(6:2 (-5)
<3.9 (-4)
'1,64-3)

3.B30. 30(-4)
< *50j.90(-4J)

:49,W2 -:3)
70+ 2-(<'.0 (-4)

'1.1 (-5 )
'1.01-4)'6.2(-2)

'-6 q(-1)
42.0(-4)
<.4t-21)
'1. 7(-4)

'9.2 t-5)<'1. z4-4)
<1 .7 (-4)
'c5 .81(-5)
<4.7(-4)

2 601.101-3)
6:20±.70(-4)

#I40E 11 TF.E.E Vi-IA WJý H _ •EE F Ie ,F' L I''L T ,,L LTFE Cu ,EcTIRE 1jts



TABLE B.3 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN LETDOWN FILTER OUTLET

.; . 'i.LE[ LUT

,w

U16'i Ftl]E
IW•I ,P E

BR-b'.
-131
-132
-:13?

1 1i34

-. 135

CS-134cs-lat
C5-137
CS-13e
C!_1, 2(
ý#-?4

FE-Sq
CC-57
cr'-ec
ZN-65

pF-93Vl-s it
V -- 93

PC-99Ipt!- H, ?
RJG-11Ce
$c:-1 ic
SE-le49

E-19

E -13 11i,
1E-131

E-132A-3S
Bo-14C
L A -14r.

CE-14.CE-14A
EL-151
EL-iS'.
H,-Ittý
IN-I •.7
NPF-2 .,-

4i* 194? ii 113
310 11/1 I

PO09

I f ýA (.14 ", ̀.'; L I i I I Ek

~'*?, ( .1I ,S'+,.?(-k)

bCT, 1

'2 3+ , .C6(-2)

C T. i(-=)

k : • .,[tA-4)
2.714,.L', (- e

].0 2 C - '

(.c '(-21
t : 1 -4), e Z, (- 4)

2:7';.L,,(-2)

'•1 -4 1
.4.1 to -2,

'2.! (-4
4 t3- 4)

2 ,C. .(-4

1: 2,, I-t )
741

'•: .64-')

<e c(-5}
3 btt '50 (-All

'3.,74-4)

'I ,5 1-" l

* ,21-4)
1, .( 4-10{

c * - ; * ~ -2 )

4. * * CS(-(2)

L *27 *((3?~e.7;.(e- (-2)1

'4.4 C -:)(1 .?{-i)
7 I.4 4

47 , v t -?).,4 ,'4.t2-2)
.2.74 ,•(-3 2)

?, 4 ,(Cc 4-2!)

,.(44,0 -3 3)

13,21-4)

• (42, (34 -31I

2 ., (-4

3 Ft.'.40 (-4)

2 f ' . . ý, (-•}
11 .40(-43J'4 .31(-2)3

)'C'TF I

'; .... ,, . J -,
(, 04, (-4)

, , t_,... -4)
'7.4: - 1
'2.61 3-•
(c..,'( -4)

4,.40 •040-'2)

3.09(-3

I •* , "'. 0it-2)

7C31.0-2)

2 ?.:(,19 -3 1

7 .ef..+rje1-3)

?'!;.4(-4)}

(2{ (2)

* )C+.09 (-3)

F +.09 46-31
C .CL+ 106 4-3,)

1 4 t ,(2,14- )

'6 . (-4)
S7C± 70 (-22_ 63±.0 01-3)

31~ 1-3

4 3 4: * 2 ( -2
46*• 0(-3|

* 2c±.60(-4)
4'2.10(-4)'€2 * 1-2)

'5.71-3)

'7." • 7 -3)

' 4.. . 2 , 4-4 3-

'•3.21-2)
'6.,O1-5)
'8,I4-4)

'.C+.60 1-?

'1.*7-3)
,33I. C3t

'5!;a? (-4 )
7,It+.gCqt-z)

'1.7 i-3)2 *.28± , CP 21-2
6.184. CE. (-31

2 ,59l.c2-2)<i1., 4-3)

<2.8e 4-2 )
t.75 .1,4(-3)

C .39±. CM 4-3)
k*q.9C. 50-3)
4.621. 071-31
S.14±.i4t 4)
k .444.C24-I)
C.27+.C7(-3)

-I. 9, • (-5)
E .0013 .01'4)

'5.4 (-4)
.10± 1. -3)

<4.0± C' -3)

2 . C4 l (-3 )

4:0061M-3)

e .691. CS(-3)
700±t. 30(-4)

<8 6 o (-4)

3.8 OZ.201-4)
Ž701~ z ( -4 )

2 .1 1-3)

<11

'.4 •(-3)

30,1 2 1-4)
<491:2
'2o~3.64-')

<7.6b 4-4)
3.4C±.t 51-3)
3 .8 C±. 20( -3)

47.2(-3)
1.32.000(-1)
5 .2H:06 (-2
4.921.01-1 1

6.701.0071-212.106. 301-1)

8.301. 101-3)
2,10+.05(-3)1.11.:,014(-2)

4134O-1)'3.04-1)
3.751.071-3)

<5"*21-4)
2 .8e0. 10 (-4)

<1 .i (-33,3(0+, 901-5)
2.9 (-5)2 13±,0t 1-3)

1.671.07(-4)'1.I8(-5)
1.20±. 20(-31

4.9011.8 (-3).
<3o04-5)<391(-")

7.rC0+.101iV1

'2o3 (-5
'4.2(-4)
<2.08-5)

6 .40±3 .0 (-6)
'1.1(-4)'{4.8 4-'.)

'1.(2 -31
'796(-2)
'6,04-6)
49.7(-3)

3.40±. 60(-3)
1.8 (-4)

42.04(-4)'2 .4 1-4)l
'42o9-4)

!002, (-4)
1-4.N!4)

11 3
130t

GlIE 1: ' fit t ,r-E I rI v ' ., [f LF IL HI Lf LIFE (Lk.ýEcjIONJ.'



TABLE B.3 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN LETDOWN FILTER OUTLET
R LEIDEN fI:LI'll 001

lI!MECOlrE
NULL rE

EP-13
1-131
1-13M1-13?

CS134

c It-13 1C'-137

C5-13C

PN-56
FE-59

MCC-58•cc-•e

sp-q9
v-g3l
Vt-93

IPC-99
PL-ILe

AG-11Cp
SE-224
$D-125
lE- 1 2ý1
!E-1291E-1321P

F-1 31
IO- 4I C

1A-14C

F- 14 .

CE-144EtL-i 2EU-lt2
Eti-I
EL-123S
W P-2 3

1/11
CP .

1A171412 1/2C
7 0ll

1/2C
ee

1/20
1117

V" 1 L", tfrL I E.; /1"A I, k 1 !.IT Ek

<4 A(-2)
i f 7,CS(-3)
3.,L±. C8(-2)

C5,1C.10(-2
3.*7" 7 .C? 1- ;:)
1,.O± .0O(-1)<3 .77 (-2)

1.04 .(Ol(-2i
(9 *A (_- )
<4 .0i (-1)
'.1C+.2C(-3)

'2.4 (-3j
S.4 (-5)
'£a .4 (-5 i

,9C.1C (-4)

'1.2 (-_5
7 .9C'3 .ý 1--4

4f 8 - 4 )
't .2 (-3

<'l.b (-• )

1.24(-ti

-3 .2 1-4)<6 .. i(-?(3.24 -4

'E .71-31
It .1.2 (-4
<1 .2 (-24

(4.7 (-4,)
(4A *. l (-53

1 .0 -4,

(1 3 , -4)

2 * 20..* C(-Zi

3.71;.C7(-2.
.2 5p ,4 e-Z

4 2 r. C,f-2

, *. j4,.4 8(-2)

4.A01.(t-1)
(1•;.0 11 -3

2.32?.0'. (-4)'?.2'(-
t'.C¢i.30(- I

2.C(±..oA,(-4)6*0 3 t 1 -f

<7.3 (-3)<U.(-43)

s 1%,2. 4 *5C (-I
*. 7?%.2Ct-'.)
t72.20(-4)

I .CC+.50(-5)• 00O]1.e (-t I

<1 •4(-4)
of.,.,(-e)42 4 , -4)

42 .4 (-F)

.- 4

02.01(-3)
9. .+.3C -3)
2.64+.04(-2)

2 67T.04(-2); e';.D6(-7)

;7C•; 70 (-2)
-fA Ei

1. 25+.02(-21N• 8 : . 1

N 0 7E I

KuTE IT•0 F 1
f uL I

NOTE iiw 'f E
1. C+.40 0-3)

Al104(-4)
NclE I

NQTE 1
NJ~TE INO,•T C I

N "TE I
NUTE 1
NL'fE I
t'U[ E Ir+ Cr E 1.

N 7E 1

c +TE I
N' L•T E IliNCTE 1

t: L "'L I

NOTE I
N TE I

NCT'E I
K 0 1E I

2 *1 4-3)9.e .6.20 (-?)
1,91.C 3(-2)

E.70 20(-3
5,5C2 ,3(-2)

N• TE I

1,07± ,C2(-2)
I 3,1. tO(-4 )
I .29+.Cl(-2)

NOT 1 1
NOTE 1
N'OT E. I

NUTl E

NUT f 1
NOTE 1
NOT E 1

li, V+T E I
OUT1 I

NO IE 1

NQI E
N6TE I
NOTE 3,
N LT E I
NOT E ifir,4  E 1
•1" E 1

NOT I I
,NOTE 1

N0TE I
NOT E I
N6TE 1
NOl E I
N•T E I

NOT E I
r;IO E 1

Nu•TE 1
NOTE 1
NO.ITE 1

4290(-3)
7.11+.M7(-2)
4t.561 0612
1 1.3+.01 1-
5 .o±. 2 1-3)
7 .00. 104-2)
4,Zo..60(-2)

1 .131.0i 1-2)
5.:01. 60 (-4)
1 27+.03t-2)

NO'E I
NOT E 1
NOTE I
NOTE 1

NO E 1
N•TE I

NOTE 1
NOTE I

tCTE 1NOTE 1

NOT E 1NLTE I
NOTE 1
N lrE 1
NOTE 1
NOT E 1
NOTE 1
NOTE I
NOTE 1
NOTE I
NOTE I
NOTE I
NOT E 1
FNOTE 1N 0. T E I
NOTE 1
NC CE I
NOTE I
i;iciTE 1NOT E 1

NcTE 1
NETE 1
NO 'E 1N, O T E 1

NEIE A: IFE-SE Ch1T , Fi-Vf tkEc. LEVT Vi u L TI. hLF LIFE CC' iiý.ECTLJ1,jN
L•, (1-Mr P,':C LEV; t:<ýLiA EL ' .iH 4.•.iitlýEhi-1lC UPEWI-TItlN$ WITH < NtA[;ElS



TABLE B.3 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN LETDOWN FILTER OUTLET
MC": L FiLuEk- F1l T ,. 6r

DIIIEI . I F
N 3 1 C E

NLeJ- E

1-131

_-132-133

C1-13af

13 If

CS-13f
C!-137¢$-]3P

FE-rc
CE- " -'CE-t C

rCC-eL

sY-91
Y-q3t
ZR-5

RLp-I C;
$L-10

SE-125

IE-13 10
TE-1311E-1331.
IF-I1C
FA_13C
EP-1 4C
CE-141

EL-i1 "

EL-1I8
h-1822

I .4L
.1321 1 /201 rgc 1,7?417'tQ 1/2(

2111
1/21

100

P:C.I.JL.:0,t I1 E:.,/ ILL.] LTEP,

It6 ,_. (- i-)

ct-23
S.3b±.tl- I-)2 .LOO. jO0(-3)

1z•'+ L 10 (-3|

1 .,9PT. 114€-3)

fTE 1

L' if L I

f. L I" t-{ t

L I

f! :TF I

tLT 1

L, T F I
•r r-

h •E 1

"riE I

hF'E 1

L[1t I

t', ; IT

] .r 2...C I.C.0749 C!'4-2

1.2E,; 3?t-2)

11 -4ý ,.0 (-2)1.cr;.I. 10-3)
44 04. 2

1rr
L t 1

3I

it.7-

... IE
LF~ 1

r-.L'L * 1

Lt E I

rIL I

I . F 1
r Tt 1

LTI 1

tI CF 1

t, i .

t.t•r:f 1

"C.lE 1

, I 'F 1

N g5. 17C I

t.191.01:11

4.CC+.I40-3)
2. C±.3l 0.(-2 )

I •C+.0!00 a

1.S3+.C;4-2)
. Cf_+ I; - )

'T E I
I' F I

N I E I

N•.fl E I

N TE 1
N, E i
"NuiF I

E I

WO, T 1 1
, -f E 1

I E I

Nr i F I
N OTE 1

?qT E 1

blI E I
rt .Tcf 1

s; ITE 1hi3L E I
N! ";"E. i
Nt~h "E 1
t'C I. I"

NOTE 1
4 .4C!. C (-1)q.;$ 204-2)
4.1G+.074-1)

3.60b.C9(-2)
1.07•.t2'-1)

,.tC_4. 504-3)
t E 17

4.9C•, •C(-3)2.7+1.C3(-2)

i• i;T f 1
NUT E 1

NCTE 1
K

.10+. 0(-3)
<4•.6 i-4)

Nr,,T E 1
NOT E 1
N.CIE 1
NUrE I
NOT E 1
NTfE 1
NOT E 1

Nul E 1
C T E .1

!.,l 7 1 1
NUTfl E 1
tdCTE If
NCTE I

luT E 1NOT f I

N'.TE 11N ElyE I

N(TE I

NOT E 1
N OT E 1

NOTE 1+.0'2.0 t-,)
5 .3C. 101-2)

.15 :0 .:2 (-2
•.?O_.Z(-1)1.55_ , oa(-I)

1 OE
i 13+.0C4(-2)
3.20±.20 (-3)
1.371.05(-2)9£LI.20( -2)

z eil.(-21
NDT t 1
FNrE 1
NOT E 1
NOTE 1

NOCTE 1

NOTE 1
NOTE 1
NOTE 1
NOTE 1

NOTE 1
NOT E 1NOr E I
NOT E I
NOTE 1

N•L OE 1
NT'WE 1NOTE I
NOTE 1NE 1
NOT E 1
NOTE INC 17 E I
NofTE 1
NCTE 1
NOTE 1
NOTE 1
NOTE I
NOTE 1NO IE 1

NOTE I
NOTE 1NOTE I

ITE 11 1F. E- F L fA F ,r H-tv r. LFF 1% L-11[1'C LL UF t 1 hALF LIFE CUR EL.T iONSLtr, i, a. ; S. ' k.• *-, L F.. .i.Uý. #I. (• [( ;•E ,•I k.Ll~i~ii)L tPE0/: eI. I, WITH 4 NI;MSEk$



TABLE B.3 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN LETDOWN FILTER OUTLET

9'C"t LEIOCJiýl F.Li .ý OUT

'AT_

EF-84

1-131-132
-133

CS-1i34
CS-136
F -137CR-SIt$-13E

H-139N -24

CF-51

FE-!9

,,Ice-6

Mt-91

Y-93
ZI-95
PC-gs

R1U-1C6

AG-12C

TE-12qF

IE-iFi

LA-14L
E-143

HL-142
CE-1ý4

EL-VA4
EU-155
k-187
WP -2 39

1i40C
2i 2
1337

2/ k
lii2

2114
90i

2/21
946

ý4ýý'LPAFSttlLLiLiTEP

5.?c.+1.4(-3)golujiO{-3)
3.ob4.C3 -2)
2.47.Cr2(-2)

1.22t.0-(-1)

1'57j.,3(-2)

9.3ý,;t.904-2 i<1 .0 (-4)
1.5C4.03(-2)'•;" (-1)

NEEE 1
i';CTF I

<1 .41-3,
t1?TE i

LT EIrU7 E I

L.21-4 )

'c1 .4 (-3)
Q1 .k 1-4)

f[I F 1
N(LTE 1

V r!'F 1

3.L i-4)
I, T 1

4 0Li 4 i

t, CT I i

3~.C3.8f-2)

3.211.C8(-2)
15.191.ci7%-2)
.271 .CI(-2)

1.334.Glt-2)

idT . (-4.28:(-bl
1.3i.2•2

'o12.(-4)

'13oC(-3)

I'1.(-5)
*8.8(-t)

42. p (-4)

<9 ,1 -3)46.2 *-34

'3 .C(-t)

8*1 .4 t-4)
o'1j.1 (-4)

9 .4.1-6)

<2 .4 (-4)

'3.4-..4)

kil

IC 9±,30(-2)

.ý1CT.03(-Z)
1.221.03(-2)b.,6C±.,10-2)

4.62±.01(-2), .34 *03 (-4)

It251 09(-? )
6 #C!2 . t"( -8

'2 * 7-1)
1.22__.03(-2)

5.SC±. 204-5)

A2.81-t)
".44+.03(-4)

'44 .ti(-4)
3.7011.7(-3)

05.391-t)
c3.41 -tI

'C ,3(-5)

'1.44-5)
'i.1(-4)
12.1(-2)
'¢i.bt-4)

'3.91-5)
'2.! 1(-2)

41.0(-5)

41 C.3? (-3)

'16-4)

'5.7(-3)S.73 *(l(-3)

4.43. C6(-)3.61 .C.1:-fl

9.,87±,c8(-2)
I, .eO . 101-4)1 .00, 1c(-1)
9.0i7..(B-3)

i.17.7C1(-2)

<1 .9 (-4)
S.9C+4 .4(-5)
<2.2 (-3)
'1.2 (-5)

5.001. 10(-4)

'3.0 (-5)
1 so (-3)'48-4)4,. 8 (: 4

<5o6 43<5.6 (-3)
<2.0 (-51

7.50±. 1C1-4)
'2.1 1-5)

<3.2 (-4)
'3.8 (-5

'3. * (-4)
<7.2 (-2)

.43 Q.l4--t )

'•c.0 (-3)
'2.2 (-k)

Z,0 (-2)
1.201.' 0(-4)al'• t-4 1

<2.5 (-4)
<6.7 (-5)
<4.2 (-4)
41.1(-4)
<2 .0. (-l')
<'.2 (-5)

F.1(_+2.2(-4)
<r.2 f-5I

6.30±1.91-3)a.35+.c6 (-3)

3x.44.05(:2 e
6.547.07 iZ
4 .747.05 (-k)1. A,(;. 101(-1)

6 721.07 (-3)
9:10t.30(-0)
I (3±::l (-2)
7•901.70 -2)

<2.1(-1)
1, 11±.,G14-2)

7.5C;I2.4(-6)

5:501:20(--5)
44•4(-6)

6.4411.61-4)
'5.21-4)
'1.41-3)
'8.1 i-c)
<3.0t-6)

6..86±. 50 (-4)
'5.51-6)

4t.6(-6)
<1.4 (-6)
'2 . 24-
41.1(-4)
51,9(-2)

<3.21-4)
<4.4(-3)
<1.9(-5)
<1.9 (-2)

3.4C+.10 -4)<'6.11-5)
'1.84-5)
'1.1I..-4 )

<4.7(-f)
'3.8 (-5)

9.5011.2(-4)
<1.8t-4)

HCIE 1I I-FEI Df -rt ,.;N': t HAt. P4:rE. u.F, LtF iUF TU HiLF LIFF (.)R," -CIION



TABLE B.4

RADIONUCLIDE CONCENTRATIONS IN PURIFICATION DEMINERALIZER OUTLET

NuctirrI0{• lI F.

1-131
1-132
1-133
1-134
1-13!

FE-89
CS-134
CS-13.

CS-1•F
C s- 22 9

CF-.V I

WCC-57FE-91
co3zc-6c

Y-;1?
y-9.
zF-g!
IHIE-9 t
pC-qC
IL-1 C3
AG-Il I FAUL-16C
Ac.-lio

TE-12S

E-i9t3
TE-131
it-132
BA- 13S.
LA-Izc
LA-14C
CE-141
C E-.I 4A4

EL -15f

I-i27

'I 5 9111
I 459

~~! 1/'I LL 11. Il E P

10/ 4
1148

.c o ft-3 j
1 .3ý4C24-4)

3 * 50 * iC -4)

4.524.Ci-3)

2~ 1.6 1 31t
2 0• i,{q( .

3 .7~. '

2. 4 - f I

42

'2.hi-e)

'3 .7 I-5 ,)

A S 4-4)

S t1.(-2)<'C.. (-5 3

(314. 2):

(1..: (-. 3

<L.ilt-'

'1.'(-ti)

:'~.• .4-5 3

'- .2 (-31
.*2C4.2C(-4)

4.30;.4O(-4)
•6i1., l4)

3.%±I .74-4)

'1 o 3 (-U)
2 .2b±. (,?1- )
2 . fCj. 4C (-5)
2.7111.03(-3)
2 .u10..2 (-3 )
8, C 2 2|-•

'7.0'4 "
,2¢+1 -I - ,)

-11 . 7f 6)
4t( t• (-6 1

'(3 2( ( )

44.4(-6)

1.1 (-4)

,7 3 7 f

I'9.141

(L• *C(f )

'L .7 (-4'.)

49, -(-2k

'$?.f•(-4)
49 7(-4j

'"4.4 (-. )
'"1, (-2)

'1 ,.(-'i)

'4.1 (-6}

'2.9 (-4

<6 .3(-3)
'2.41i0-4)< 2C..3 4 4

2.C; .7C(-4)
4.1 0-,2

3. 4 .03(-3)

3 7 (.6-5)

S + 23 . -3 1

' . 1 -i).,C_+ I0€•

8. 1C. A0-5)

41.67(-2)
'C.O4-5)
'2 .0 1-4 )

4309(:A

'ci.7(-2 )

'4.44-4)

'8.1[-5)

(!,F (-4)
'1.61-4).
'8.21 -4)
'2I 1{- )

' 4. 2 (-4)

1*09i7 "0 )-

'4.70 1-5)

<'4. ( -4)

4,2e1.±C3(-3)
'3.a3 -3)

nioT E 1
2.601. !ý0-5)

1.4 10. 4 i(-6)
< +25 4-5 |
<7,0 (-7)

4 .,sI.(9(-5)

2.20±. i01-6)

2.5 1-6'2.2 1-5)
'9.2 (-5)
'2.0 4-6)

I * 20± 10- 3)

'2.4 (-6)
71.3 (-7)

St, 3. I .0 -,)

<1 .5 (-6)

<2.01-5)
'1.2 (-6)
•3.4 (-5)'4.3 1-4)
'7.*9, 4- 7)
'9.9 (-4)
'9.0 4-6)
'3.1 4-ti,
'1 .6 (-6)
'1.*1 I-5)
'6.01-b)

'1.24-6)
'3.2• (-6.)

.. 7O_1I ,51-5)

'2.74-3)
1.67_. G3(-4)
5..80+.50 -4)
3.7CI. 104-4)
6.h0. 90 (-4)
ý4 . 10±. 80- :4-
4.100.30it-4

43.0(-3)
6.*44.4.5 (-3)
5.011.04(-4)
7.7q9 .07(-3)'2.94-2)

'3.04-1)
i.344.061-4)8.1C¢ .54-•

7 .001.(-6)
<3.9(-4)
<2.8 1-61
<5 .9 4-6)

2 .32+. 3(-4)
<6 .b (-6 )

<6.81-5)
<1.3(-4)
< .5(-4)
44.1(-6)
'4.7(-t)

1.3Q. o50(-w)<6 .1(-6)J
(6*.g(-6)
45.7 7-5 )

i.901. 404-b)
<1.1 (-5 )
<4.b4-6)
<1.3(-2)
<2.9(-5)
<2.0(-3)
<7.*4(-6)
<1.64-2)
1.20(-5)'1.31-b)

'54.i(-6)<1.84-5)
'4.04-6)
<4.64-ti
<1.2(-f"1)
41.0(-31

141F 11 IFEd, L,, TlA4 Qi2d. E-b rN LE-r"T 0.-. L.F 7C HtLt. L.F C61. EC1,0O'vý,• (. T ýE LTf 1 f Wilp+ < NUI•6kkS



TABLE 8.4 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN PURIFICATION DEMINERALIZER OUTLET
IfTULhtN oErft' GLT

f•
uD

DATF.
71PE

NUCLi[E
BR-814
1-131

-132
-133
-134
1-135
RB-8b
C$-334
CS-136
C!-137
CS-138cl-12g

N -249-54

"E-5(

CC-6C
SP-91
Y-qitY-9?

NC-gýj

RL-1C3
RLE-ICE
*G-1 Cl,
Se-1-24
SB-12tE-121M

E-129
E-131t,IF-131

7E-132
EA-3.q
BA-14C
L.A-14C
CE-1-41
CE-14•
CE-1•4
EL- 15 2
EL- 15 'A

U-18"7
NP-22S

10/2414?( 11.' 19%(. 11/13
1151

11/1330E

81I -w IC.LVI E%/k A'LL I LIT EP

1.6tI.C -4)
7.lC4.40 -4)
3.2C'±.54-4)
3 2011.5.7-4)

1 8C± * 2.4-L

NUFE I<,7.? 1-3)

S1,3c.C3 -4)

<4.24 i((
*'°5 3-4)

<-4 e(-4)

(o0.(-3)

<2 .7(-5)
e .i (-2)

(1.31-4)

'4 .9 -4
'C4 -6

'2.54-3)

. 40± ,90 (-4

I .30±.3.0 -11

< 9• t'• l

'73O(-34)

1 05 (-4)

<7. (-3)
2.<1 (-f)<9,2±.SC(-4)

'1 4 1!

<313 4-4)

r712 (-b)
1, 7 (: )

'•.2 (-. )

4591 .4)

38.2 -4)

<1.'a(-5)

'2.14-5)

'a * 1 -t)
'3.0 4-5)
'1.34-4)

* , {-'J

4'.6(-3)1,27iQ5 (- 4
5,4C±.8C (-4)
kL . I" t-4)

(I .p(-] )

'1 .•. 7.(-4)

1; f

-1 7 .34-4,.';.±2C 4-s I
'3.:74-4)

3.CC±.2C(-.+)
1,*41 ± *0ii -3)
6<2C .210-5)

-2,t2-t)
26.(-4()

1,, 7 (- )4 37(-3)
<3 .3(9
<I .4* -5)
413 (-5)
< 7(-t)
(8.74-3)

:ý 2(L

*If44-5)
3.61-5)' .74-6€)

;4.0(-f)

7 2 14-1 )

'2.4(-" )<1.*I(-4)

28.1.(-3)2,04±. (2(-3)
1:03•.C6(-3)
1.741, •(1-3)

(3.4 1-4)
1.00±, 10(-3)
2,601.30( 0)

<3 o0 (-2)

1 . ý6 . C3 (-4)9.4C$.C9(-33
41.2 1-3)
oCT 1 1

1,00t. lO1-4)
S,24, 6C3(-3),:3ý,.2t-1)I .3+4.C2--)

<378 4-4)9.90±_.(;(,,4
7,6L+2 .4(-f)
6,11 ,*474-3)2.00010(3(-A)

<5 or;, (-:6
<1.4 (-41
(2,9 (-4)
<6e8 (-4)

I . 021 C
1.30±,-304-5)

'5 .*J1(--)

'1.6 (-5)
'3.2 (-4)•,00±I .04-3)

<9.6 (-3)
2.6Cl.80(-6)

<7*L t-3 )
<3.2 t-5)
<t 60 1-5)1 .2C+.404-5)
<4 .1 1-5)
'2.0 1-5)
<8 * 7 1-5)
(3,94-6)
<1.8 1-5)
<1.7 (-4)
b6.8 (-5)

'7.2(-4)
i 93+*.-4(-3)

1.457:04f -3)

5 00+,150(-4)
1:coI.5U(-2)

<8.0(-4)
8.20±.10(-3)
1I .95+. 04(-4)9.701. 20 {-3)

<I1.-4)
'6.8 (-2 1

8 40+. 90 4-5)
5.201.10(-4)
3 10±.30(-5)

<1.14-4)

<754(-5)
2+14t.03(-3)
7.70t.20((-")<5 *2 (-b)

<7.2 (-5)
44.8t-4)

'3.2 -5 )
8 * 301,54-5)
1o50±.50(-5)

<7.9 -!;)
<8.24-6,
< 3":.5-5 )
'1,7(-4)
'7.4* t-4)'5.6(4-•
'1.04-3)
<2. 84-!.)
<1.24-3)'5.3.4-5)
'2.34-6)
<2.5(-5)
<4,0(-5)
46.3t-5)
'1.1(-4)'5.64-6)
'3.74-5)
<2.4 (-,,I
46.7(-5)

11/15
805
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TABLE B.4 (cont'd)

RADIONCIlLIDE CONCENTRATIONS IN PURIFICATION DEMINERALIZER OUTLET
L E I V C* ý t: L F (",. t, L L T

945
ii 3('C. I I%.i

9 11 2 4 ri
1120

614

XL LL. i~t

DIF-E4ý
1-131
1-132

1-135

CR-5 I

¢[-6cc-;.

Ne-95

CC-!

A(-A1CM
S -I ta
,-i251E-.k2 9
1E-129
7F-1 311'
TE-131
IE-1 32
BA-139
PA-14C
LA-14C
CE-141A

EL-152
EL-154
EL-1!

VKJC LF, ( I, k -,' E-1 /r -A L 1, I i.t 1 El.

N cIE 14Ci . 30 (-5 l
3.1?c . C6j4~

'• .4 1.

, .g , . -
~r I

".2{-(
2 ,.ct - )

)fit ,t- I•

4A 67CAC6)

17.:43 Ut1

(4 4 -6)

<3.2 (-3

I. EIIIO' (-3)
3. 3 C 1 F C (4-)1 ?6 2 .04, (-3)

3.70±1.4 (-4)3 7QI.ý(-ý)
714011.34-2)

<2.',(-31

7.4!,'(-i 3
17 ....?-30j.EU(-2)

'' ?( .•

I I

* ?4* '3! .051-4 1

'1 .4(-43
<1.44-4)
,CI . 3)..i Fý,2 8r? -

4*

Al i* (-3( j

'I .2-4)'2.f.{--'.

'2.21-5)

<I.* 2(-t )

<r ,4t-!. P
(F .0, -_f)

<2 t- 2)

1.40+.2C.-4)

2. '+ bC(-4)

(~ 4 .1-

z.L. 4 4)

i,* 474.02 -2)

'2:t-21)

A 1 5? (I-3

A .4 t- 3
'1.04-41

*I, (-5 3
'1.6(-513
'1.6C+,3(-)

(5,R (-53
'1.54- 3)

(3.74- )

'3.04-5)

''-.04-5.)

'c.±. •(-6 I

'3.14-4)
'I .'(-4)

<1.3 (-2)

2 3•l4C(-4)

•.tZ f |-, )<6.7? (-43
.20+1 .•4 (-1)
< , . z (-,I)

<6 .4 (-6)
E, 0±+3.7 (-f)

<3.1 { -4)
2 .O (-3. )S6 (-3)

<31 1-5)
6,50+12 ,(-• )

<1 * 4.3;)

9 64(-5)

<.1 Z ..el

<6 6 4-41)

'(1,0 1-( )

<' .2 (-6)
<4 3 74-6)
<9 0. C0 (-5)

< * .6 (-5)

< 1, (-4)

<6.3 (-4)

<l.A (-5i3

<1.1 (-5)
< .80±.3 (-6)

'6.6 1-5•)

NO•TE 11, 104. 30 (-4)
'3 .3 (-5)

3.6C+Z 0 (-5)
'2 3.4 4-5)
<b.2 (-4)

NCTE I8. 3C±+. o10-3)
?1. 70±•1,6 (-5 )

hI•TE 1•I'OE 1
NOTE I
NOT E 1

"LT E 1

c I E I
1.6C±. 30(-4)

<1.2(-5)
NOTE 1
NCTE 1NOTLE i

Nc" E 1
NCTE I
N',TE 1
N TE 1
NCTE 1
FC(T'c 1?dTE Ift. CT E I
NOTE 1
Nc.rE I
NC(E I
NLTE 1
N•rE I
UC1'E I
hiOTE I
NCOTE 1
N UTE I
N•TE I
NCTE 1
NCTE 1
N C T E 1
NorE 1
kiUTE 1
NcTlE 1
NO-c E
tLTE I

i

3

NC71 1 V 'F H F L -.. 7 .p"T: , CiV; .E Li r E: EiTLI I kiFF L L h l Ll E LUi UIýT1T
LI-.~~~~ I. HII~ k TFtv I'; Ih: L' CJt: PCI- FA~ I-~ U LIL 0 i' ~IiH < &LtE..



TABLE B.4 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN PURIFICATION DEMINERALIZER OUTLET
IE1[•C•. EIIf' CLT

B I-•
1-131
1-132

-133

-135
RB-88
FE-89
CS -134

€--137C -138
CS-13€;

ION-5Cp- f
FPF-SC

CC-57
WCC-!e~t cc-:e•CO-6c
- ZN-65
sp-91

Y-93
ZRp -19 5
WE-95

PL-1CU
RLAC-1CpAc--llIc I

E6-124

B-129?
EU-131
E-131

IE-1?2

CE-144
E.L-152
K1-154
Eu-lelj

112(
7Ce

it?
E59 -12 C

93!
1120
1117

C P CC Ft I E I I PI ILL I i I T E P

2.7CII .4(-,)
5 .1(-5142 ."7i-5 )

'C6 of (-a)
ý'LTF 3

7 .80j1I.1 (-5)
9o.64•.Ce(-3)

I, If k IC aE I
IN c- ' E 1
"7cf• 1
NETE 1

N c T [ I2
NCrE 11 .2C_**0(-'i1

'2.'•-5)
rITE 1

N, [T E i
rt'~C[ I

r.•TE I

ýCTF 1
iiOTE I

NCTE 1
SL TE I

;CT E I
?•tTE I

1,: 0 f I
K'0 c I

1t CTfE i

0LT E 1

N'CTE 1

CE I TE I
N L IE I

M r- T F I
,(9.2(-5)6.4013 11 -tl

1.30'.20-4)
4•.* (-4)
4f. o (-4
NOTE 1

7. FO±2.C (-5
7]o C9.1(7

NLi IF
I T E 1NEI E 1NJtlE 1

iqLTF 1
t, OTE 1

43..2 )
<3 of 4-1)

,11TE 1
N[LIE1
tC'T E i
h LTF I

N.L E I
V V F I.

izLTFi 11NLTE I

I,.r r, 1
trkIE 1

NLTE I
,LT E I

tCTE i
t'~. cE 1
N CA E 1
N C TE 1

.T E 1

N FTE i
NciLE I

NLTE 1
(1.4-4 )
S3C.ý 0(-4 I

3".S0C.30 (-4)

4 1 ' E 1

NU'E 1

NOJE 1
N L L 1
1-CU INIGýL i
ý6TL 1

(3.34-5)
<4.o,-t )

N CE I

E1E
I

NLTE I1-fTE i
f'CIl E i

t,(31 L1tr. T FE

K OT E 1NI•L' I

0 .;F 1

E I
N Sr JE 1NUfll 2
ltri 1
NI•&E 1
f•TE 21hlTýE IN•,TE 1rýL •r E J

t.GTE 1

1.041.C'5( 313.,6011 .E(1-4,

7.101 .3(-4)
Q.,1 •.11(-12

NEI E 1
Noll 1 12)

1.21+..i (-2)
h M.E 1

NOTE 1

N[OT E 1

•LIT I I

'-.4 1-5
NOTE 1
K C Yf I

N ET 1 1
toCT k 1NCT E 1
NOTE 1

tiJT E I.

tVYT E 1
NOT E 1
r.rTE E
NOTE 1
NCiT 1

N01l E 1HIJT E 1

NHl E I
N.OTE 1

NOTE 1

SiCT E 1

IN0TE I
M4T E 1
Ne1 E 1

NOTE 1

1.111.03t-31'1.21-4)
5.00.±1.3 (-4)
4.00T1.1 (-2)

,NCtE 1
0+.O01 lt-2)

2 .2v.60 -41
N~tE E
NoTE 1
NUrE I
NOTE. 1
NOTE 1
NOTE 1
f CTE I
NIUT E 1

(2.6 - )
'2 .0 (-5)

Nv TE 1
1vL, T E 1

N bi• E 1
NOTE I
NOTE 1
No E I

NITE 1
Mi[TE 1
NkT E 1
NVTE 1

NOTE I
NOTE I
NOTE 1NOTE 1
NOTE I

NOTE I
NOTE 1NOrE 1NOVE I
NC>OE A-
NOTE 1
NLT F• 1
NaE IK r rE 1

NCVE 1i 1HEL F riTA Pjl:VT'sHAVI ;.iEEN' LEH u -f CUE 1L HALF LIFE C2RRcEC11IUN
V E it. 'h. Lf C` ~ :1 Er,' IPAýI' F1e FMm E11C L FE W LJN! AITH < rl*. EA S



TABLE 8.4 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN PURIFICATION DEMINERALIZER OUTLET
L Ell0N: F f IK CUT

Lip 7 F
"LIlt lE

1-1331 -13E

C1-134
C5-134
C•-137

Ys -1 -2

CS-13e
CS-121

(15-13 e

CF-51

V L -15 f

PLI-1 C

SE-1245

IP-lgCEt-12S

F_13111
IE-1,21E-1 ý22

CE-141
CE-14A

FL-1I•.

NP-231;

li12C
12 1 .9

.i /20
1.226,

1/20I I P- 212C
15 1C

1/20
1734

t.V'* L;ý 1, ý_- Slot.' 11. 1 LJITE;ý.

H L I

9.20 -(g

iL TE I
* cf- * ~4 t-')

LiE E 1
L. .' i E 1

N. u •,F I

N"tT L I

T;. E I

t .LT E I

:iusc{ 1

V. L. T F: 1

1, Lf E I

N, Ci E 1

$•CTE 1

I, [. I t-' )
e, F-"F 1

•Li'E 1

iv'V0 F i

* . .±. i.v*( -,}
1 3t Q-` 3

1.404.20(-4)
1.214 Clt-2)

i, E

fit IK T. r _j

C 1 1

-'"T F 1

... h- I

't L

.I E `

, FI. F !~

i4 .. 1

S .t

I-.L E I
.•'Af 1
slfl. i& 1

8LYE ýt:,qC+.30ý-A)

1 t +.1 '2 3

2s

w•cil F_ 1

*C ± E 40(-

NU;T( 1

s uC. L~ 1-4

,TE I

KrýCIrL I

Nc1F 1

14

,,C E] I

ki-TE I

G• i' E.

r i

&g It

,NOK•T E I

k LIE 1

hLr% I

MIT E
t.9C.+CG -4)

, 607. 50(-4)
E_.4 (-5)

.* ,9u.fo(-4)
<20O (-2)

NeTE I
1,80±. IG-31

.1•'TE. 1-2)
NrUTE I
NUI E 1
N tj
NITE 1
N' "E 1
NOT E I

N,•• T E I

NOT E I1•GT E 1.
tuT E 1.

NCTE INOT E 1

H FlTE I
i,'WTE 1

NCOTE I

NUT E 1
NOCTE 1

NOl (4 11
NOTE 1
*40T E 1
,l4 E 1
NICT E i

I\CY E I

rIT E 1

14 CI F 1

INCY E 1

WOT E I
.ilT U E 1

NOTE 1
4.26+.C51-3)
1 041~ 06-3)

ICE.6(-5 )
1io9.10 (-3)

NurEI
*T27..08(-3)

1.1.ZO2 .1-2)

N.ITE I
NOTE 1
NOTE 1
NO E 1
NOTE I
NOTE 1
NOTE 1
N4TE o-

<3,O(-,:

HOT E 1NGTE 1
NVTE 1
NOTE 1
NOTE I
NOTE 1
N•TE 1
NOTE 1
NETE I
N• f E 1
NOTE 1
NOTE 1
NOT E 1
NOTE 1
NOT E INOT"E 1
t4UTE 1
NL.E 1
NOF INOTE 1

tcOT E 1
NofE 1
NOTE 1
N{]T E INGTE 1

NOTE I
NcrE A

WCTE It i fE. t•I.i , F-. ,T'-Tf HAiNF E I'h I VI2 CHf LUE 7T F.LF LIFE (, O EC IONS
, I. . liA.i:t fFa, t.'7;,C Ii ,i /F .IF 'i2C UPEFATIGNc., w IH < NUMEEkL



TABLE B.4 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN PURIFICATION DEMINERALIZER OUTLET
IEtIL.4wti LE?.I) LLT

C•1ECAIE

NLCLICE

BF-84
1-131

-132

RE-Ee

CS-134
CC-139

C I- 5 '
S -1 1

FE- 51

YP-9?
Zv-95a

P5-99
OL'-10~3
PLC-ICE

IE-12'i
sp-1311
7E-l?9
IE-122
IE-139
BA-14C
LA-1' C
CE-141
CE-143
CE-1"4
FI-1±5i
EL-154

IF L-1',5.
NE-9b
NP..-2 3S

I i C
C',C

1l/2 C

NCTE 1
3.*9t It ~(-3)1.10±.l10(-3)

(& .4 (-?i

'!•.2 31.•{-4)

tfiL 1P.T.rF 1

t E I

hLT E 1
"LT E I

rt` L' E a1LCTE 11

ý-.CT E I
t~tr] •

.fLI f 1
rh r-1 E IC I(E I

LT'E 1
{'[T1 ] 1

FrTE I
rL~4 I

[tTE 1

U~t r I

I•[;T1 1

I1, C I F 1

fLTE 1

FK~jE I

lhruF 1

1. i.T E 1

< ,, •.a 1 -3 )3.90±1 .?f-4)

<4 .31-?)

*.7C-_ * 2C (-3)
It 1 *(- ~ 4)

I•,jTE 1

t% C, I I

? "'I E 1

N

101 E 1

NTE I

Li' t

C ZF 1

K;T. 1 1.
.i~l C. 1i

KI TE I

HXl CI

1\.L1E I

ri E ItETEF I

NLiE l~
a~,

~ru IiT
2: ?

i'LTL 12.161.Uý €-3)
4. 9CI2. * -4)
B, * . C~ 1 iC v 1- ? )2 * 7l41.21-4)

•i7TI. (-4)

4*L + .* j. I (-1 )7,-5'1 1C I
R•.EC.3C(-3)

I C 4 4 C. C -2 1
NO E:! I•MY' E 1
N (.T E I
K j rF 1

u IF 1
th QJ, `E 1

'2.81(-4(,1. .. l-4, )

9t TE I

tLTE 1NOIL I
I!JJC 1

kr! F I
N1,TE I
N'u CE 1
NCT E 1

tic: I'F

pn fE 1
NO f 1N, u ., E .i

N L- r E1

NOiL 1
V• 1Noi E I

1/21

IT E .

4.P4±. CE (-3)
5.3<,1 .E(-4)'4".0 (-3)

3,6 (-4)
t*2C+1 .3(-2)

NTE 1
6.3L+.21G(-B)
9 .C.5 .51-5).*, ; c 0 (-3)

NDT E 1.'fl'E 1

H CT E I
NO I Ei'; CI E INI; 1 1

N'•11E i
<Z.4 (-4)
(1.2 (-4)

SuT E 1k- L;T E 1
U:4-1 E 1HAFE I!zJTE 1
D E I

NOT E 1
.NOi E 1
NCTt 1
,N• E 1
NCE E 1tic, T i I

N:tCT E 1Ni~jT 1

NUT E I

N01 E I
NU0' E 1
Nel f 1NC-I [
rvOlE 1
MOl E 1

NCT E 1•,i0 G [ I

1121
1214

NCTE 1
1.39+.C09(-3)

'1,3(-4)9.30_. 40 -4)
2.GC±1.i(-Li)

'2.1(-4)
NOIE 1
NO ifE 1

8.4C!.09 -3)
1.0iC.O 

1-4
1 OZT.01 - 2

NOTE 1
NOTE I
NOrE I
KOHE 1
NOTE I
NO.TE 1
NOT E 1
NUTE I'1 .1(-4)
a,.6(-5)
NOTE I
Nh0TE 1
NOTE 1
INC TE 1
NOTE I
hOT E 1NUT E 1NOTE 1
NOTE 1
NOTE 1
N Oi E 1
N NTE 1NCTIE I
NCTE 1
NOTE I

NLE1NOTE 1
iNor E I
r,0T E I
NOTE 1
.4T E 1
NCT E 1

NoTE 1.MOCTE I
ti 0"E 1
NCGTE 1
NOtE 1
NOTlf 1NOi'E i

NEI(E 1E IEE T FjiTj HerE FEE LEFI C.;F CLE I C HA L.F L FE C[rC ECII1NSLRI , , F - l .. ,I" .,L-C •'41- ,I Th Ii i 10 FFF•'TIN• EIT N11f GE



TABLE B.4 (cont'd)

RADIONUICLIDE CONCENTRATIONS IN PURIFICATION DEMINERALIZER OUTLET

CATE

NtLLL j[

ef-8A

1-132
1-13-
1-1341-13'.
RL-bi

CF-1!4
cs-l2
C!-137
C!-13E
C•-13c

CE-i'tA G - I I C

SE-124

Lf-4

E -9 1
Y-C3

RLL-1C4

AGt-i C2 •

$51•-24

E L- 1 t,. .

A-1423
CE-14'!
CE-i43

EL-IS'S

I•F -2 3';

1/ 2 t. 2/ 2 2/ ~
1113

2 / 1 2121
942

r 7cr *Lk Ii! 11 L I L 1"Ek

12 *7 (-•.)
-.C,: + *. c (-
C'2

4 7-,,0 (-4
i .3Ž4'.•A t-

tLTL I

E,/T[ 1
t '( A)1

r.., T r
•.191 1

(r7 - 1

, t -

tr.

.5 Tt 1

SLi1

It[' t I

I. L I I.
'• . 7 - ',-.

LF~ 1

t<F, i-

'2 .5 I-A)

9.a
3.

41

1.
2.

4 9 . V 4- s)

* ' C ±* 1-t ,3 . ItO+,20, -- i)'5.7C -4)J

I I i )

Ji±.C4 2)C

3

'4.>t-'1

'471 t-)<'-.44(-1

4'.4 (-4)
'.S * . (-6 )
<3.2(i-t )
'2.2 I-4}

<4.b(-4}

IL

'< .e.(-A }
6 . (-3)

<'4.71-+ 3
'1. 1(-2)

<,.24-2)

<4 .d(-• )

<-.': (-.5.1

<3 .4 (,-• ).

<',.(-4• }

<1.6f-33
7.90*.10-5,
4 .dO±. a, (-A3.20±T. 2. -

1 . ..C U E ( -4)
2.60±1 .31-?.)

'1.;1 4-31}
.9C± .2C(-3)

.: .I.Ct1-4)1,141.C2t-2;
< .l it. t: (-2)<2.C; (-p)

1.361.C9(-41<'~ .1-53
'4.2 (-6)
'2 .b 1-41
<4.4 1-6)'1..11-5)

<2 .3 i-6)
'CE o (-C)
I 1.2 4-4)
<1 . c-4 -4)
<1.2 (-3)
<1.2 (-5)
'<4. (-6)
'3.2 (-5)
'I.1 t-S)<b.81-S3

<4.0 -5)
<2.3 1-4)

.?7 (-4)* +•0. 4-5)}
'1.1 1-~)
<3.4 (-5)
<4.9 (-2)'5.1 4-5)

'4,1 . (-5)'7.6 1-5}

'7.3 1 -1-
'7.2 (-5)
< 4 C -b)

'1.2 1-41',i.2 1-4)

0orE 1
5.40±1.2 (-5)
4 . 11±.074-4)
2 3•. 10 (-4

<'121-3)
.+ C+. 40 (-4)

NM E IN CTE 1
8.82.1.0(3 -3)
i co+.,80(-5)
117. .C2 (-2)

44.3 (-2)
NOTE I

I.C8+.08 (-4)
'4*. (-5)

2.2C!.401-t)'1.61-4)+
'2.1(-5=)

54.41-5)

'7.01-53
NUTE 1

<'5.30(-e
<4.81-5)
<9.75(-)'3.31-5)
42.2(-5)'5.44-)}
'2.04-5)
'7.44-6)
'4.81-5)

<t.51-4)
'6.2 (-5)

- r E 1(1.2 (-5)
43.4(-F)

'4.1 (-5)

'1.2(-5)
1-i.8 (-:
<5.9-55
<6 .41-5)

CEIE 1? 'I- L ,tT^ . . HE. .L(AN Lf- i C I-F L.[ TL. lH L LIFE LPRECiI,-i
" i t, : :i1PEWl "f .,V: 4T1t, . hITH < NL•PEk'



TABLE B.5

RADIONUCLIDE CONCENTRATIONS IN MAKEUP FILTER OUTLET

t IA. P wEu- I.T i-

011:

-131
1-135

c-1319

CU-Si

CR-111

AC-11Ctp
k-131

Se-14C
IE-12c

CE-i4l
CE-143
CE-1ýA
EL-15 2

E,-I S5
Wi-187
NF-2 3'

1

'. • 1* tSL.'r E

L"Cf L
t' LT r

NO.7 E

NCT E

N c'I E

L i E

I•LTE

U:, rT t

hIT F
LtL' E

N1 Fl

iCT E

t'L) F

Iii r F

r. E

s, C 1£

h C iE

F Cii El

"A1Ti1 3
1/li
1(.02

1 / 1
141f

2/21

M j CF r-CUR1 E,., i f I LL I L 3 1 Eg

<1 .j C, -3)1.I C-.01 (-3)

* 4 iC i.(-A )

0 0.5 0 1-I412.t, (-2

2"1.bC45(1ý)

S. 121.*Cb (-3)
~C;TE

'3 .4(-61

C : . .(-: 4

't .(," (-L.

2 FG1.30(-51)3. 2 . ?( j ? i )
<1 .3 (-40 )

43.2(-31

4 .(-2)
<. .7 c -3 }

'2.61-4)
'*,(: (-t)

'7.f -5)
'7: .g (-6)

';..2 (-,3)
(5 .C(-3)

4.LCF1.3(-5)

'2.4 (-)
1.C0+.20(-1)
I.23+.C• I-2*7~, .~ r,* (-ý )
1..1T.C(- 2)

*'•.2t-1)

41.41-4)i.7C+.5*L (-5)
(A.•; '-•.
<1.1(-5}

1.22±.04(-4)

'2..'(-ý )

'2,t.(- I12. 4(-5

I.CC±.4"(-' )

<F.7 -3)
'4.31-'i

47 4 k-t)

'A•.c.-6 )
'3 .l(-S I

*@.. (-'.3
A ? -' 3 1-

'4c12-4)

<44.2 (-3 )
8.201. 4C-.-)

3,.10T. 10-41

1."C±. (C(-1)

'.4 (-2)
7.70+;.ct(-3)

q :30± . 10(-3)
I2. (-2)

C;T E I

(3 s 4t 4-5)

0'3.4 (-4)
(3.0 (-6)
'?.9 (-f,

<b .44(4-
1.30j.C7(-5)

<8 .1 (-5:)
'1.6 (-4)
l.0 O(-4)
<2.5: (-6)
'1.6 (-5)
'6• .Z (-6'). to (-6)

<.2 . (-6)

5:2. (-3)
'3.7 (-5)

.9(}÷~ 2 *0 (-6)
(7"3 4-3)

'2.4 (-5)
(4.it(-5)
'1.6 (-5)
'2.8 i-5)
'3 1 (-6)
( 7 4 1-s)
<Z. 5 (-4)
,(b .9 1-1)

<2.6(-3)
A. 30.. S0 1-5)
2.2G!1.4 (-4)
2 .Cof.20 1-4)

I.00±. tO 1-4)
6.60+.90 (-2)Nt('E 1

7.60+.0C(-3).6 f0+.30(-5)
9.337.0b (-3)

4'g.9 (-2)
t4CTE 1

7.3U11l,(-S)
(5:a0 t-5 )8.50±. 20 (-5)
42-.64-4)

6.C002.3(-6)
'3.0(-6)

4 471.05 (-4)
9•10i.20 (-5)

44. 4, -f )
41.3(-5)
'8.8 (-5'5.21(-4)
1 0+. 30(-

i 1 * b (- 3 )

<I'3 (-5)'8.6(-6)
'4.8(-3)'E•.8 (-6)
<6.3(-6)
<1.8(-")

41.6(-4)

<'7.7(-3 )'8.11-5)
'1.61-3)
(1.41-5)
'6.81-3)

'6.0 2(-8)
€0 .31-6)

'3.41-5)
'1.8 (-5)
'3.61-61
'1.31-61
'1.61-4)

NOLE Is 1I-A. Dtl CF~F .I ;Kift CLE VC H4Lf LIFEC.ECIJ.
2H4 i½CfF '~:d1C' 4 ' H Al, 11HP! 1 1C L& PE ATJL\ C-; o 1H c NLef)ER4



TABLE B.6

RADIONUCLIDE CONCENTRATIONS IN MAKEUP TANK

t fIE
T Ir E

/Lt I• '. 3 1 1/1~? 1/17
14i7

2/2195,

" I C ý ' C L, L .. t VI i LI L i TE ý

1-133
7-132

pe-sp

C!-137

cp-l?1

FE-!9
CL-w7

.jCL-IC

NC-1 5

-c'Z 1C

FL-IC !

A C-1 Ic t'
Se-124

E-129

E-Iti,
E-1 31

LA-14C
CE-141
CE-143
C t-.A44
EL-1&2
EL-I!

NF-2?1,

1 .12 1-•04

7 4.(.--)

(. -- 1(-t-4

1.5 .C3 (-6)
'3.71t-4

'7 1 ek-1 .i

14

'•.3 A-j41061-t)

<2.L(-fz)
314 7 )

7 7 .11 3 )
41.~i~

't2 . C I - ?
S.? 3 . A (-4 q

ý.,! (-f. -4j

14 ot (44

3'.3U.C(-A)

* cll. 4 (_

4• .4.• -2i
.4 •, -3)

I. 4ý. J7-

7', (-4)

3 61

7 .94 (-7 I

9i 1

? ( "4* -3 1

2 3 6A(

. f ? .1~( A

1*' -1 t - 4

c .31 t)

(q, .31
4 *C; . * C- 3

1.30±.2? {•

'2.71-4I

S . - )

42

3 1L tl C 5 1 -1'2.-1 c1

'.4 0 1

'?.1 ••{ ! )

1., -6)
S1.6

Ik..7( -
''.41-6)

'6.0 (-2)I

'7.81-61

'2.t(-6 I

'2.8 (-3)

2.40$.4C(-A)
2. lT;. 20(-4)

1:•0;.101-1)'4•.(0 1-3 )
7 .21±..C6(-3)4 * O .C0 1- 3 1
';.29!. C9(-3 )

'•.1 4-2)
t€ OI E 1

<5.2 1-5)
5.00. 204-5)

<i 97 t-4)
.40.1 (-5.(2:8(-L)

1(.4 t-4)
<( .6 (-4)

E 3+3 .*4(-6)
1.30±. 20,-51

<i*2( 6-'A)

<36.'1 (-5)
<6 I , 1-4)
'1.0 (-3)<3 . 1 1-51
'4.11-5)

< ,28 (-31
<'1.3 4-5)
44.9 (-3)
43.8 (-8 4'2.2 1-6 1
<6 ( i-6)

'1.? (-5 I<3 .• i- )

32.1 t(-6)
' .2 1-,-

NO E a- I ýý F -:, F I i V. Ht V r 1ý f ; ", L E 1 k.:; ý' VL fý T'l., F.,U f L If E C fjkf.ý% ELT IONS
H, A i h E " I `ý 7 ý; I NUMBEJýý

Ll 0 Z f- E F Lý A 4 LIFLFATION' PýITH



TABLE B.7

RADIONUCLIDE CONCENTRATIONS IN BORATED STORAGE TANK

_Isot_.
84Br

1311
1321
1331
1341
1351

88Rb
89Rb

1 36Cs
137Cs
13esc
1 3 9Cs

2 4Na
S1Cr
54Mn
56Mn
5 9Fe
5 7Co
5 8Co
6 OCo
6 5 Zn

9 1Sr
9 imy
9 3y
9 5Zr
9 5Nb
9 9Mo
10 3Ru
106RuD
11 OmAg
1 2 4Sb
12 5 Sb
129mTe
129Te
13 ml-Te
131Te
132Te
1 39 Ba14OBa
14OLa
1• 1Ce
14 3Ce144,Ce
1 52Eu154Eu
IssEu
18 7 W
2 3 9 Np

Nov. 14, 1978
(VCi/ml)

<4.70 (-6)
<2.80 (-7)
<5.20 (-6)
<3.201(-7)
<4.6(-6)
9.10 ± 3.4(-7)

<1 .20(-5)
<2.10(-5)
3.02 ± 0.06(-5)
<3.9(-7)
4.05 ± 0.06(-5)
<6.80(-7)
<9.00(-4)

<1.80(-7)
<2.20(-6)
1.07 ± 0.04(-5)
<6.10(-7)4•.00(-7)

5.01 ± 0.81 (-7)
1.44 ± 0.04(-5)
4.09 ± 0.10(-5)
<6.51 (-7)
<1.00N(-6
<1.50 (-6
<3.11 (-6
<5.10(-7
<4.60(-7
<1.90 (-7)
<3.20 (-7)
<2.90 (-6)
3.20 + 0.50(-6)
<1.90(-7)
<1.00(-6)
<8.20 -6)
<8.60 (-6)
<1.40 (-6
<1.70(-5)
<2.00 (-7)
<1•30(-6
<1.20 -61
<9.10(-8)
<2.80(
<5.10 (-7)
<1.30-6)
<8.10 (-7)
<4.70 (-7)
<5.00 (-7)
<1.20(-6)
<5.90(-7)

Dec. 13, 1978
(iiCi/ml.L..

1.47 ± 0.02(-4)

<1 .40(-4)

8.31
3.40
1.03 4.

0.11(-4)
0.10(-5)
0.01(-3)

2.08 +
4.42 ±

1.40
5.60
1.73
9.29
1.60

±
+

+

-I.

±

o.o2(-3)
0.03(-4)

0.04(-4j
0.50 -5)
0.02(-2)

0.20(-5)

7.21± 0.21(-5)
1.76 • 0.09(-4)

1.90 ± 0.20(-5)

1.72
7.20
6.00

±

4.

0.03(-4)
0o20o-5)0.50 -5)

4.24 ± 0.08(-5)
1.40 0.30(-5)

B-37



TABLE B.7A

RADIONUCLIDE CONCENTRATIONS IN BORATED STORAGE TANK - BETA ANALYSIS RESULTS

DATE
TIME

10/13
1416

11/14
1320

12/13
1205

NUCLIDE MICROCURIES/MILLILITER

H-3
C-14
P-32
FE-55
NI-63
SR-89
SR-90
Y-91

8.3 ± 0.4(-2)
5.5 ± 0.5(-6
4 ± 2(-7)
1.40 ± 0.01(-4)
2.35 ± 0.02(-5)
<2(-8)
1.4 ± 0.1(-7)
3.4 ± 0.2(-7)

8.6 ± 0.4(-2)
5.3 ± 0.5(-6)

1.60 ± 0.01(-4)
2.74 ± 0.02(-5)
2.3 ± 0.3(-7)
1.13 ± 0.05(-7)
3.8 ± 0.3(-7)

1.01 ± o.05(-1)
7 ± 1(-6)

*01.984 ±, 0.005(-3)
1.794 ± 0.002(-3)
8.12 ± 0.05(-5)
1.10 ± 0.01 (-5)
3_± 7(-5)

00

* ANALYSIS NOT PERFORMED



TABLE B.8

RADIONUCLIDE CONCENTRATIONS IN FEED TO COOLANT RADWASTE SYSTEM PRIMARY DEMINERALIZER A
CRk, Pg.iL'RY E.MEI A FEEt.

W TETIM•E 94c
1/16ie•4J 1/16

10 t: 8
1/1,
113C

1/18
1105

NUCL]CF
-131
-132
-133

1-234
CS-134

-137

CR-51
pht-54
FE-59C -15 7

£C-58r.C-60
Z14-65
?P-95
ý iE-9ýtN' L -CC

AG-110O
SD-124
5e-125
BA-1LiC
C -14C.H-141
CE-144

VICRQC(4.R 3E•E /NILL. LiTER

1 .1 *~±C21-4)
2 *3QC * 0 1 - 4)
2.60 ,lO(-4J
2,97 *(.2 (-3)
3.0C1.2t0(-4
3.*g±.C;2 (-3)
2.7C7.C?(-4)
4, 45•.02 (-3)

2,9011.1(-5)

5,0C+1.C (-s)
4.20±,I0(-5)5.0lo.304-6)

2.02 (-4)
'5j.0(-6)

<2-04-6)
1 .C0±.30(-6)

<1.0(-5•)
2 .501.60(-6)

'3.04-6)

S .90+. 10(-4)
4.570 (-4)

<I. 061-3)
I 2•,I•-4)

3.C,2±.C6 (-3)
3.3C4*30(-5)
4 60';.10(-3)
7.701.40(-5)

42 C(-4)
4 5 c! * 3 C (-ý,)
1.40,.o2(-5)

<4 *L(-51
0.1.O+ 30 {-

46".0 (-6)
8.01(-6)

<I-.. A-')
4•'L.Z (--4)
'1.0{--5)

2.30+114 (-6)
<4 .C(-.5)
€4.0(-4)

<2.C(-4)

5 .90,.10W4)

1 * 2134

1.2C1,iC (-4)
3,8CT.10(-3)
4 o10.20(- 3

'6.0(-5 )

8"402.95 (-6)<e=O(:-e)
a8 C.10(-4)

4.501.20(-5)
<4"0(-t)
6.0.(-t)

2.ŽC±.7G4(-5)2, C.Td-'= )

6.•0I4(-6)

'2 .04-6)
< 2.04(-fl)
1 7. 0 (- )'2* 8C-5

5..?0+. 104-4)
• E 14.30±. (ý(-4)
Ni'i E 1

1.60+1,2 -4)
3.90-;.10(-5)

4.501. ]C(-3)
7:40±. EOC-5)

'6.0 (-5)
t,60±,20(-5)
1. 40i. 20 (-5)
<'.0 (-tl )
3 37±1. ( 6.(- 4

1.60±. 201-5)
<6, C (-7)<8,* c -6

'6.0 (-6)
<2,0 (-t)
<2. C 4- 5
<2 .0 (-6o)

2.50+. 2c -5)
'6.0(• -5)

4.50+. 10(-4)
Nor i.

4.90'. 10 (-4)
W•OE 1

2 .0011.0(-3)
• sceO+, 30

4:56T.08{-37.501;.80(-5t

'6b.oo-5)
1 18+.05(-4)
1.E01.30(-5)

<8.0(-6)
9 01+,.09(-4)
1:411.05 (-4)

'6,0(-t)1.001. 504-5)
2.80+.20(-5)
2•201. 701-5)

<'1*.) (-4)

Z'.00120-5)

i,.10+.40(-5)
<2TO±13(--6)

<2.0(-5)

'6.0(-5)

NOTEh 11 bL- t. .LJ &Ih;••.; tJ ILEN LE;b i C-Ft iUE TL H.•L, Lt.FE LO iR.EL
VPi e~LI ~~.IL LEŽ S C h H AP1R-I .ihH1.I C ~E i I Li- Zi'(11H c t ~L ,E k S



TABLE B.8 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN FEED TO COOLANT RADWASTE SYSTEM PRIMARY DEMINERALIZER A
C606S Wfm¶pikV VkMIN' A VIEEC.

NLý,at. i r E

1-131
1-232
1-133

134

C$-13t
L~ -1 .7

- 4

C C: - 7•

ZH-65

Iqc-9c
m R L-1Cf.3

i, PLC-iC6
o AG-11CP

S-124
SE-125
BA-14C

H-141C F-144,

134i •03

V-J(,kV.LklE5/#ýiLLlLllEP

.Pcj.C( -45)

3.73,.1L t-5 )

7 L.iC..2Oi-'wl.•' .. *( .*( g t--
4.•4i *Cl f-4

<2 ,±C(-4)

,ýe'J1,7(-6)
I.20TC 0(-5)

44*,0(-5)
44.0(-b)

130±1.C(-5)
2 oRcli .3 (-! )

9.•'e•.20(-3)
<1 4 (-5 )

1.110*04(-3)
<4 .c'(- 5)<4,0cf -51
'1 .((-5)

* 4CL .) (-I )
%L *:.,) (-• I

7. P( .j.4r (-•' I
' .C l-6)

1.6f1.04(-5)
1-.e4 (-f )

2 l.C I-6)'1.4€..I. ( -c }

<1 .4 (-r!)

4. 2Q 2 ()
'1 .C (-5 )

3.7ol lo(-6



TABLE B.8A

RADIONUCLIDE CONCENTRATIONS IN FEED TO COOLANT RADWASTE SYSTEM PRIMARY DEMINERALIZER A -

ALPHA AND BETA ANALYSIS RESULTS

DATE
TIME

1/18
1109

NUCL IDE MICROCURIES/MILLILITER

4I

H-3
C-14
P-32
FE-55
NI-63
SR-89
SR-90
Y-9l
PU-238
PU-239,240
AM- 241
CM-242
CM-244

2.1 ± 0.1 (-)
5.7 ± 0.6 -5)
4.1 ± 0.3(-6)
7.8 ± 0.1(-5)
9.810 ± 0.002(-4)
1.2 ± 0.2(-7)
<3(-8)
4.8 ± 0.7(-7)
<6(-10)
9 _ 1(-9)
3 _ 2(-10)
5.0 ± 0.4(-9)
1.1 0 o.6(-1O)



TABLE B.9

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM COOLANT RADWASTE SYSTEM PRIMARY DEMINERALIZER A
4C I V P I At V UEP I A EfF L U E 4T

WE

?NUCLI.E

1-133
1-132

1-135

Cs-136i
Cý-5 ICR-51].
"Nt-54
FE-59

CC-6C
21-65-9A
8 -95"

plU-10 3.&PC-,,C b
.4,,Rt)C- I C 6
"AG-110P

SB-124
SO-125
BA-lAC
LA-1 AC
CE-141
CE-144

94C
1116
1cri

1/16
1102

11321132 1/18
1108

tI C RPfCtFIE I MILLIL ITEF

3 ,?+, -6)
Ice .0 (-e)
<3.6(-E)
<2,04-5)

<'? .' -I)

6 • * _ , 1 * -• 6)

3.20+.10(-6)
4 7C02.i(-7)
1 30T. 60(-5)

8.5C0.201-4)

<96O0 4-7)

7.2(12.6(-6)
<8004-7)
42.*0(-7)

6.301. 70 (-6 )

<4.03(--

<4.04-6)

<1 or (-5)

<6,c .- 6)
'(1.2(-3)
b .0 (-f)

3.0U. 10(-4)

<2 C. (-6)
.C•. (-4)

2:201.101-5)

44*0 (-5)3.90±.iOt-4)
3:.90;.30(-5)

<6..0 (-6)
(C6 .C (-6 )

4.-7011.4-6)
<4.*0 (-5)
<'40 (-5)

6,C (-6)
<2.C (-6)
<1.4(-5)

'1 .6 (-4)

'2.04-6)

NOTE I'4,0O(-•')
3,IC.20t-4)

8.tQC±.0t-41
.44.* (-f )

<2. (-5 )1.C±.1IO(-5)

2 .4C.1C(-4)

-404(-5)

'E2.c(-6)'2.34-6)

'1.2 (-6)

'2.0 (-•}

1.0 (-5)
K1I3,E 1
'2.0 (-5)

NOT E 1
' 1.2 (-.I-4)

4.60+1.5(-4)
< ("1-5)

io01:.toC(-3)<1,2 (I-5)

<1 .0 (-4)
4.30÷. 20 4-5
7.9013 .94-6)

<2 .0 (-5)
6 80±i204-4)
9.80±. 4C(-5)

<18.0 (-6)1'1.01--5)
1.601* 20 (-5 )

<40. (-5)
48. C-6)
(6.0 (-5)< l4-5
<1"41_ (61
<4,c 1-5)

<4 .o (-5)
<4,C 4-6)

1.60+. 30 (-4)
'2.0C (-,j)

44.0(-6)
NOVE 1

<80 (-6)
NOTE 1

(2.0(-5)5, • 0*.?.20 -4 )
2 2"'0 (-c•

1 .30+.0-(-33'4.04-6)
1-4 +. (-5

4.501.3(-6<6,0 (-fl)
2 .451.05.-4)
2.701.20(-5)
1.40..l0 -6)

<4.0i-6)
9950!, 90 (-6)'1.6(-5)

'4.04-6)<2,04-5)
44.0(-6)

9.80±5,1(-6)'1.2(-5)
5 40+11.04-6)
1:501.90(-5)

'6,01-5)

NOIE It THESE DATA P.JINTS HAVE 6BEEN LEFI CFF CUE TIL HALF L!IFE CUR!ECTIONS
Cl CI-EýE FROBLEt , $,SSCIAIED W11H AkUlIEMI!IC OPEFAT•OtS WIIH < NUMBERS



TABLE B.9 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM COOLANT RADWASTE SYSTEM PRIMARY DEMINERALIZER A
.-V Pý.GO 0011 AE~'i Efo'LUENqT

Ctil EC• E

NLUCL It E

1-1%

T-12.•
C.€-13A
CF-13f
C$-137
NA-24
MN-54@
FE-59
CC-57CC-."
CL-6C
ZN-6!5
ZR-q±"
NI-95
PC-q•;
RtV-1C3
RLC-IC6
AG-i]Cti
SE-124
DA-1'.
LA-1AC
CE-141
CE-144'

21 q

'i .7(0-5)

'2 .3,70(-5)
'23 .( (-51

a 01 ~Cf- 6)

3 8 .341c, -I-,.)
I .80o..1(-6)3 .5.~(-4)

'1.C!,2 (-()

1 .4C 1 f. -C
1 2?±C (-5)

41i.8(-f
'61, (-.)
<i4;u-t)

I .3O~d~l(-5)

212E,
q C ý'

,iCfI rLR"[-ESt 4I1LLILIlTEP

., * 21 -5)
7'0,. (-4 )

44,C (-6)
* (44 *04 (-•)
42;0 (-6)

1.5C.±1.C(-5)
1. :c,(-f)i30+,.70(-S)

'1.,0 t-6 )
2Ecc! .ec(-6)
510, 13 :to(-6)

- 2 . , C .

f-701 _4 ( t- 6

,<' 00(-t)
21. 2 0 1.2w (-5)'• , C 2(,- )

I



TABLE B.9A

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM COOLANT RADWASTE SYSTEM PRIMARY DEMINERALIZER A -

ALPHA AND BETA ANALYSIS RESULTS

DATE
TIME

NUCLIDE

1/18
1110

MICROCURIES/MILLILITER

I

H-3
C- 14
P- 32
FE-55
NI-63
SR-89
SR-90
Y-91
PU-238
PU-2399240
AM-241
CM-242
CM-244

2.2 0 o.1(-1)
4.3 0 0.4(-5)
1.6 0 O.2(-6)
6.5 0 0.1(-5)
1.32 ± 0.02(-5)
2 ± 1(-8)
<1(-8)
4.1 ± 0.4(-7)
1.0 ± o.9(-1O)
3.2 ± 0.3(-9)
7 ± 2(-10)
2.6 ± 0.2(-9)
6 ± 5(-11)



TABLE B.1O

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM COOLANT RADWASTE SYSTEM PRIMARY DEMINERALIZER B
Ck.k!, PFJVARY ýEftINl b EFFLLbENT

WE

N U C Lý. r E

1-131
1-132
1-133
1-134
1-135

S-137

c F-5•

F E-5 9
E C-57
2 l-65

2 P-9 5
te-9"MEt-99

wu~AG- I Ic

'S -1 Z4
sD-125
BA-140(•A-l4C
CE-141
CE-1'ý

IC/ 5 lC1/IC19 1/16
1103

111(
113'

1/18
1109

VICULk /FJM ILL1 LIlEk

52 .0 t-5)

5.ZC:C. 20(-6)
64*0 (-7)1,.421.C3 (-Si

l-V"jl.(-7•)
(3* U-6)

.31...9C(-6)

00 (-5)
4.48.0 (-6

84.04+,<-7)
7 C0 3 oU- 7

'3.04-6)
'3 .C; (-7)i

'.7 * -C) (-6)
7 1Q.'C(-6)
'1.04-6)
(4.0 (-7)

'1 *6 (-4)
'4 4.C t(-6

2.701.2C(-5)

7.9C,.30(-a)
3 *. + .90 ( -)
1.:7.;;._ * 2 (-5)
510 T0PO (-l I

'.1.2(-5)
3. 01.2C(-A)
3.701.10(-5)
6,i0_12.3 (-6)
9 .401.60 (-6)

Al1.2(-f)
'1 ,2(-5)
'•2 * . 4-
't:t. 71

3.9ý011.8 (-t)
"4.04-6)

4.7CJ1.701-6)
~4490(-5)
<4.0 - 5 )

.20 C4.40(-6)
<4,0(-b)INr E I

2.iC_±,05 (-5i)
28._C-2(-4)

1.701.204-5)

3.ES=+.O(-6)

14 *Q±.2(-5)
1,.Ct±,03 (-5)

42 .0(-7)I.6C+.2C1-E:)

2c . ?0 (-6)
'4.:;*0l-7)

'"C20o(-6)3.,C±.70t C-)

4 *04-5)
<4.0(-6)

2.00+ EC(-6)
N-3i E 1

<1 8 (-4)
2,.Oo0 104-5)

'1.0 (-6)

'.0 (-6)1. 70( . '0( (-5)
7.301. 0(-6)
1 .,30. 604-6)

'4 ot) 4-6)
1.791.(7(-4)
1.6C!.101:-1

.4701.7C(-7)
4.to0.5C(-6)

<4*.C '(-5)
<8.0 4-61
<8.0(-C)
<1.4 (-61
c6.0 (-7)

A.0041 . (-6)
'4,0 1-6)
'2:0l (-5)<2.0 -5)<4,0 (-5)

3,404.504(-6)
!flCi E 1

<4.0(-7)NCTE 1

3 .05±.,04 (-5)

9'40,Z0(-5)<4.0(-6)
1:10,+.20(-5)
3.701.10(-6)
1,6t015 20 (-6)

<f.0(-7)
3.E0±.20(-5)9 70!:201:61
1 U04,70(-6

±.107.70(-6)
3:001 20(-6)

<1.,4(-5)
'4.0 (-7)
42.0(-6)

1.1.0+.30(-6)
'1.964-7)

B, 0. 40(-6)<2 o0(-6 J
<420(-6)
.201.(-6)

NCTE It IHESE DiTA POINTS HAVE bEEN LEQT C•F iLUE Tf HALF LIFE CURNECTiONS
C4, QTI-F4F FFLCLE'.,, .ASrCCIATEU IdTH O.IFEMIJN fPE4Di4NS *IIH C NUMbERS



TABLE B.10 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM COOLANT RADWASTE SYSTEM PRIMARY DEMINERALIZER B
(I•I E.'., :E1TN TN EI fFLU FNI

C. C

lNLCLICE

1-1321-331
1-134

CS-137

CP-51

F1-5 e

cc;-6c
Z1W-6ý

WRL-1C3
0 .C-lI(

St-124
SE-125CA. - 14 ¢
EA-14C
L-E-1 C

€'P 9(-t)
1-4 *, -61

Ca 1. (-5s
S-9C L.20 (-5)

'I.0A-6)1., .44..-5 )

4 .v.C7b*5(-7)
2 .72 I.A(-7)

,- S

44. (-tt

4-1.9(-6)
e ,2C;. ,10(-.

'16 (r-6)

A ,0(-el
";o (-6)

(1 .,2 (-5)

' J • { U : F..I '1 % IV It L I LIT EF

'(F C (-6)'.•ei-5
'8. 1C (-I-)46 ., (- U

42 .0 (-f)

1 .C.1(-,)

7. ("' .V 7 f-4)

l, (C.: (-6)

41.2 (-f,)
4c 4. e (-(,)

4 9C!1.?(-7)

6•,C l-t-)

',01 01 5)
't . c ( - 6,)



TABLE B.11

RADIONUCLIDE CONCENTRATIONS IN FEED TO COOLANT RADWASTE SYSTEM SECONDARY DEMINERALIZER A
I.PWS 4ECCNCAfY UErlt A FEEC

OATTEI IP, E

NLCLICE

-131
-132-233
-134
--135

S-1316
CS--]31
MI-24

F E- 5;

CC-58
CO-6C
ZN-65

z p ,,- 1¢
t Uic 24

j PLC-2Ct
"A DG-11CP

SE-124
S-125BA-14C
LA- 14 C
C E-14
CE-144

?4CTE Is

ICI391•39 11 i4
I1c59

1124
1157

21 S
14L~(

2/28
1018

.'1.01-u.'8.,o (-1;)
'-5 .(-7
<1001-ti

1.00(-6)

cl so (-6)

<,; 5 0 1 -e)
'2.0(-6 )6 ~0C 12.1 1-6)

5*5;84.3(-7)
'13.0(-6)

<l.0Q.7C-t)

.i0 (-6k

B.' C.c.7a-e)

'2i.0(-6)
<• .0(-6)

Kr(Fi 1'

NCTF I

'6.C j.(-5)
ICA .0 (-6)

8.90.9;C1-5)

1.0:!1.20(-5
'12.03(-:)

1.f04.2• (-5)
4.CCj.2L~(-5)

46911 .(-6 )

'1.C C-5)
4.5O1.e (-6)
4. (14.2 (-6)

A 4 .C ( - 5)

1 .3 [+1C (-5)
2. 2C 42 90 (-b)

tJTE 1
6,3C1,0(-5)

6,0.*4270(-5).3-0211 ( 1-6)

6.to0.20 :5)

'•.0(-5)9.4C,1.3l•(-6)

44.0t-6)
l._+01-5)

:3 .0±(+

'8.01-0 )800± 7)

<6.0 4-6)1,201,90(-5)
'2.0 (-5)
41,2 (-5)

7,b01,(7(-5)
<6 o.' (-7)

2.*35+C2(-4)
'2 .0 (-6)1.70.3-01 -5)

1.101.C3(-5)
2,60±, 40(-6)

6-.0 (-7)2,6QjC2(-4)
2,97±. C5(-5)

'4 40 4-7)
6.20" .3(-6)

't,.0 (-6)
<490 i-6)

3.30C1 .?(-7)
1.00<. 101-5)

<2 .0 -6.)
2 5 0+.4 (-6

S.3013 .;(-5)

7.901.30(-6)
'1.2-(5)

Z0501193(-6)
<2 0 t-4)

7.951.061-5)
<2.0O-b)

2 .53+.02(-4)
<1.4(-6)

1.60 1,4(-5)
3.15±+,03 (-5)410•.fZ0(-6)
1.401.,10 (-61
3.70_,..02(-41
6,061,06 (-5<4"• s- -7 )
5.0C±,.20(-6)
1.:054,03 (-5)<8,90 (- 7

€44.0ft-7)
<2.01-6)1.104.401-6)

3:C01.70(-7)
1 .101.05 (-5)

'2.00+ 1-6)

<200(-f)

THESE OliA FIPJ' H-AVE BEF- LEF1 OFF ClUE TC HALF LIFE I ORkECTIONS
fl; OTHEi., Fri;LL•,'F. "SFC;trTEL •0u1H F.iTAEhIUC E•ATlCNS W7H < NU14BERS



TABLE B.12

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM COOLANT RADWASTE SYSTEM SECONDARY DEMINERALIZER A

Cs,. •(F.C( T',LIJY. 11,' 'LN 4, Fji. LCFP

r1t F7; PI I (Ill 1/24 1124
1203

2/ C14,16 2/28
1023

N LCL r E

1-131

1-13!

CC-134
C$-1131
Nf-2Z

FE-ý9
CC-! i
C C- 5, ECc-ýO
ICE-f•ZN-65

I.&FtC-1Ct

Le-1'¢
CE-14c
LA-14.C
C E- 14 1
CE-1.44

LT E 1

i t.o (-7)
C .L. .L (-()

te: .0c(-I3• .3c_,1.71-7)

I .0•$.C21-•"3

<2*.t-7)
t.2Cj. tC-7)

,b .o1- )
(1 .01-7)

2.419.0(-7)

'1.0 (-1)}
l~C'1.01-O 7)

< I ( )
<4 ,.(-7)

4 ;S 1 _C( )

42 9c (-6)

< 1-.; 4 -7 )
2.10+ .2 4(-5

4".• .5(-4)(.I .401-7)

7 40 3.7(-7)

". 0± .2(. (-.5)

e.',1 . 7(-5)
7.'.017 (-f)

I.tO .c (-61

' .0t-6)1. * 1.I. 2(, (-6)
'4 .0 (-C)

?.t+c(-f)5 .f '4. 0 (-6)
'4:01-6.)

'6 * 0U3€ 1-6')

5. .C+.0 (-6)

46.0(-5 INJOTE 1

1,) 2 ± * 20 C-6)

2.90 :,20(-!9.4C±..C (-6)
5 qQo .27

'4.0(-71

3.3C0.3 (-6•)
6.20±.20(-61

5.9C±2.C(-7)

4. 0 EC(-6)
7 .50±.2 (-7)

7.2 C-12 (-" 7)
•(4.0 (-6)

NOTE 1
1.4 (-5)

2.401.10(-t)
44.0 i-7)

8.30±.+.0(-6)
'1.4 (-b)

1.50±. 201-51)
1.70!.C1(-4)

461. -7)
1 73!,C1I-4)
2. 11.16 C 6 (-5 1

(6 .0 1-7)1 6(+. 3CC-(:}
70.0(-6)

'2.e0(-6)

4.50(,. 0(-6)
4.00o.60-6)

41.4 (-6)
' 6.0 (-6)

'1.Ot-5)
9.t0!8 .3(-7)

,490 (-4,)
<4.0(-6)

2.90+.30(-6)
'1.4(-6)

1. 101.04 (-5)
<1.2(-6)

1.20 0.50-61
1.29_±. 04(-5)
9.80C_4*.3(-7)

'8.0O(-7)
255±.02 (-4)

'.02t.08 (-5)
'8.0(-7)

2 .501.40(-6)
6.10!*.40(-6)

<2.0(-6)
8.8014.3 (-7)

'6.0(-6)
1.92,t.06(-61
9.2016.7(-71
9.5C!.80(-6)

<•'0(-6)1,30ilO(-5|
0290(-6)
'-6.01-e)

E CIE 12 7FE DtlA ?j.TPA S hive •EEiq I Eli uff [Lf T1 HALF LIFE CLIRECTLIOAS
£iU rif-E PcCbLEMS f5,v(!t7EfV ki1h OPITI-FMIl 0EPATICtK WI1 H < N016BER3



TABLE B.13

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM COOLANT RADWASTE SYSTEM SECONDARY DEMINERALIZER B
LR%.% S'FCONtAFY EIEjU f. Er"FLLENT

W•E

INLCLICE

132
-133
-134

H-134

I11-24

CP-51
F E-5 (
CC-15"
cc-"c
¢N-e I

zp-95INO-9!

P'RC-91ti- PLC- I C6

to AC--1 CihE-124
P-i2r:

EA-14C
L A -14CC
CE-141
CE-144

ic/ic
153 5

1/24
11C4

1224
1202

21 ý
142C

2/28
1025

M l CPC(L F lE/r .Jt LIL '.T FR

2.30. * '0 (-7 )
'<A .i. t -7)

3.F8j.40(-7)1 00 1-t )
21 0 1. - 7)

<2.O4-7}
42(; *G ( (: 7 )32.0(-7)

E.4Cj.2C,(-6•)
2"C 2 01- 7

(2.0t-7)
<1 7 t01- )3 7 F 1 6(6
'2 C0-7)

42 S.C 4! (-7)
(2.0-E I'7.01(-7)
'2. ,(-7)
'2,.01-7)

'2.01-7)
'2.*0(-7)
'1.0 1- 7

F * C C 4. 2 C 1-6)
'1.C(-?}

NE IE 1
'2 .0 (-6)< .01-')

6:.C 71,re.c C-?
(1 .2(-7)

'6 .C(-7')

2 . 80,±* 20 (-6 )

6.130±,.20(-7)

'6 I.C3(-t)

.6705.34-7)

le1 .6.1(-6)
4.40!.20f-6)

4*.0(-6)
MTEl I

2 -

1 34C .02(-5')

3.1H .06(-4)

< 4 ( -- /•) "

3 2(4.20 (-6)
6 .3cl.1Ct-6,)

'4 .0(-f-)'201-6)

12 4C c(:-e}
e P0"7,.0( 71

5.3C!.30(-6)'2.6|-6}

,NOTE I

1,10l. c0(-6)
46.*0 (-4)
'2.0(-6)

NOTI 1
'2.0 (-5)

2.7071 .4(-7)
<4.0 (-7)

2.2011.5 (-7)
31.6 2-b)7,3C±1 .2 (-be

4.2C±.2 2C-6)7 . 8Q1.4 (-7)
44 .0 1-7)

1:54±. El (-4)
1.85.C 4(-5)

'f4.0 (-7)
q.2 0 12 .9(-7
2.50G. 201-6W

'1.2 (-6"
1.40±1 .4(-7)

<4.0 (-6)
1.60,. *0 (-6)

'2 .92 (-7)
<8.0 (-7)
'1.2 s-6)

4.C01 90(1-6)
48.0(-7)
<4.0(-6)

5 .60!. 20 (-6)
•4.0(-6)

'1.6(-61
'2.0(-5)
C4.0(-6)
'A.6(-7)
1.94(-6)

'c1.4(-6)
'1.2 (-6)

6.901.80(-6)
5 .00o. 10 (-6)

'.0iTl.3(-7)<6"00(-7 )
1.521.02 1-4)
2 .C0+.005(-5')
3 .0G1.5 (-7)
1 40±.20 (-e)
3 .30i.10(-6)

<201(-6)
33011.(-7)1:801.801-61

17 00T. 20 4 - 6
8 :9014.1(-6)

<4o0i!-
<6.0(-6)

1.25.(-6
<2.0(-6)

HVCTE 13 TI- E 6ATAA FiiNTS HAVE LF EtN LEfI QFF CL E TCý HALF LIFE CIPRECTIONS
UR :11FI: ~LF1'• S I r-1.TED WhH P1T714EhEi C PEFATIM0rS wITH < NUMBERS



TABLE B.14

RADIONUCLIDE CONCENTRATIONS IN FEED TO BORIC ACID EVAPORATOR
, 'L- lfu Lt' fVfPCi~tTCk f ELL

NLCLJtE

1-131

CS-131
CF-51

FE-5q
cc-57CC-S P
cc-6C
Zt4-()
ZP-9,
N E-9!
RL-IC3
AG- ]3CP
$Q-124

EA-14c
9JCE-141
cnc E- 14 4

Ot -32?

1MI 5I1,46 A./1i lu/lfi/lls 11f 2
1048

M1C~kCCL9!P/M•LL L!IER

2.3C2.20(-7)
'1o.C 1-7)

.:oo030(o(-,)
2 ,2C.0(-7)
2 .107 .30(4-7)

.i 0C1.I(-7)

s?,C(-i)
<e8 .94-8)

'1.6 (-7)

6i7.il. .r' (-t)

5.2"0 30(-?)ec?1 .1(-7 )

2 70194C(-7)
2.12!.C'4(--)
2 . 424 .02 -)

-2014-7)
'1.6 (-7)

8 .4/ .4,Y (-1)

2.4Q.1 .1.](-7)
(3' 5(-7)
'5 .1 (-8)
2 ,4 a 0t-7 )
'2. 4; -7)

2. C±.20(-7)

91E .C±.1 -t)
2.60±1.6 (-1)
I .49±.03(-?)
2.32±"03(-5)
5.I0 e C + -

13 .bq(-7)
4 .C9.0q(-7)

42. t-t!41.2(-7)

<1.6 (-7)
<I- e44-8)41 93ý -71

s ,701, •0-6>)
2,761,C6 (-6)

'2.6 4-7)
1 ,601.20 -7)
2,37!,C2(-5)
1 .C•1.1(2(-10 )

<1*4 (-7)<1 .4 (-71
3.90±. , C(-7)

<9.8 (-7)

4.30+11.2(-71'5?0+.(-6)

'1.9 (-7)
'2.7?(-7)
2.1 (--1

'1.5 4-7)
<4 .14-7)(1 .14-6)

41.24-6)

3'1.44*0-6)
1 .9 (-6

5 611.05(-41
3. EU.16(-5)
Z *63.o (-6 )

.30113.0(-6)
: 913(-6)

49.4(-7)
<'37(-6)
6.0•1-6)
'4.5 (-7)
<2.71:61

<6.9(-6)



TABLE B.14 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN FEED TO BORIC ACID EVAPORATOR
6RIC s.CIL FVAPOPATCR FEFED

CAIE
liXPNlIWE

dUC:L1CE

4-131
C-13ý

C$-137
CR-giFIN-54
FE-5•

ZlW-65
ZRB-95

HC-99
U-103

AG-1i1CN
10-124S0-125

A-14CA-14C
ch CE-144

NF I4F-229

11/ 2
152A2

111) 11171 C-0 21 t
143 3

21 6
2242

MlC, , C% r' dUF. EiiILLlL IllEA

l:Ql-9(-7)1 .17+.80I-7)
1'0+..11-1)
1 .01 *(;1(-4)
S.14+.O08(-6)
2 .o.±.30(-f)
1 .0(i. 05 4-6 i
4 7b4.02(-4)
3.3C_:.C2(-51

2.2(1-7)
1.88 121-61

i .58±.12(-6?

2 e Cl. e0 (-7
'13.*1-7)
27.491)7)'2 .04-7)

2.4l1.bC(-7
%'l.31-7)

3.fc-.70(-6)
,c2 .4 (- f)
<2.*3(-SI

5. 0!. to2L (:A

3.CO±.2.B-5)3 .to7' oqt-,0•
7:i',l2.1(-5)

3.3cc.094-5)
7.704.20U-5)

'1.3(-6)

5.:012,.0 1-6)
'•4" (-f)1.301. 10•(-6)

. <,4~ *A (-6 •)

,337 .3(il-3J
7. 7C±.2C (-b

2. •6±.07 (-4,)

2.707.40(-51
5.30T.20(-5)

<3:2(-6)
6. C±4G.Ct-0)
3.20±.30(-5)
1.3 l*801 ( - t )

< 20*86 (-5 )
'2.61-5)2.UC•.+.6Cl (--6)

<3.2(-5)
'1.21-5)

1 .50± 20 (-6)
<3. 9 (-7)
<1 .0 (-6 )

5.40± -20(-5)
2.06 C.(-5(
.604.20(-t6

2.70. 20(-6)
7.27.4M(-4)
6.22±.C((-5)
3.50 7.6(-7)5.70+. 5•0 -6)11..1!.C3 (-5)

<1.8 (-7)
E 8.52*.0(-7)
3 .701.20(-6)
2.6Cl .11-7)

"2 (:6?

+ .. SO (-7)44ot • -7)
<2.0 (-6)
<7.*4-7)

1.60±.301-6)C6 91-7)
<1:2 -6)

4e60+.20(-5)
1.63±*04(-5)
2.701.30(-6)
2 20!.20(-6)
6 15_1.06 (-4)-
7.00.1 10(-5)

<'.1 (-7)
5,20_.50 (-6
1.011.04 51)

<3.3(-7)
1 .201,30(-6)3.10., 301-6j3 ,101. It71

2.801 -7

2.70±1.01-6)
1.70±. 701-6)



TABLE B.14 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN FEED TO BORIC ACID EVAPORATOR
ri.,I•,•V -. jIr Pv, I T. k, E FL

r-AI E 2?1 7
r4 ',. -1

NLCL CE

C.-13-4
CS-137

FE- ci

c E-! 7
CC-5F
CDh- C-

HE -9r7

SL-120
SE 124

r E- Z.X

1.(l~ 4* ' . 4~J6-t*)

I .? Cl * ".c (-*6)
I*3E~. C:1 c (-3)

1 *471.C;~(-ý )

2 .9lof0 (-7)
t .1Cj3 !(-6)
A 6~tO(6



TABLE B.14A

RADIONUCLIDE CONCENTRATIONS IN FEED TO BORIC ACID EVAPORATOR - BETA ANALYSIS RESULTS

DATE 10/17

TIIME 1051

NUCLIDE MICROCUR IES/MILLIL ITER

H-3 2.3 ± 0.1 (-1)
C-14 3.0 ± 0.3(-5)
P-32. <3(-7)
FE-55 2.46 ± 0.05(-5)
NI-63 5.65 ± 0.08(-6)
SR-89 3.46 ± 0.08(-6)
SR-90 3 ± 2(-8)
Y-91 2.4 ± 0.6(-8)

U.,"



TABLE B.15

RADIONUCLIDE CONCENTRATIONS IN BORIC ACID EVAPORATOR BOTTOMS

C .1.4i

1S-1 A

f E-5ý
CC-!7

zl-6!
-9•

$L-103
AG-110 r
$e-125

EA-14 (

CE-141
.3 CE-IA4

NF23

9/ 1 3
liZ"4

9i:3 I0/ 14
1000

I /
134 t

10/17
1020

I C L F 1. F / - L L L i E'

I .3* ;

49,44-71

* 3c*1.*3 6(- €

4f.9*4 3-7)
4.9.3(-7)

1 .b1.?(-4)

3

29 .-

1.* 53+* C7 C- C)

4. 6 7! , i. 0-• A
2 .CO) .'. (-6)

42 4 "4.04 (-6)

2.03,C? -(-)

4.10•4. 12(-7)
9.70i34, (-7)

.1 . 7031 . 5 r. f- 7~ )

7.4(C3, (-H.)
8.7043 .0(-7)
11,70; .60(-7)

-(9:4,C -7)

ftC!2_.2 (-7)

t.2020*20C(-t)

* 5 + .G. 7L

3.e8!±, lo-t )
3 t24 66(-6)
I : f, 3.; t J. (-4 )
2.q5T.3 (-4)

4,5CT,70(-7)
'2.14•G-C)

19 TOl 3 6:

2 l.5c.q(-f)

I . 5C *l' 7 0 ( -76)

r.030!. 20(-C)
<6.6 (-7)
'<. ,• (-e)l

1.10+. (.2(-4)
1 .92T. C3 (-4)
Sq7 .7U1-6)
b.-1C9 ,01-f)

F e6C4, 2 -(-4)
3o0040 (-f)

1.013 Co(-5)
5.7073.2(-7)
2.00;. 20(-6
1 .9t; 4(-5)

13.3 (-7)
4.0"+. 0(-C)

<2-.3 4-0I
7C+±So(-7)

'1.3 (-6)

1.2.s.04(-5)
2.43 ,04(-51
3.22+.07•5-5
2 ,81+*C3(-4)
2 .92+.03 (-4)
1.•C8 ,c8(-!)
19461 03(:5l6i8 :,01 3-

1.39;001(-3)
7.1031,0(-6)
6,00 +.60 (-6)
2,10 ,201-5)
5 0. 30 (-6

3:1.51.08(:5)
2.0.01.20(-6)
7.2;1.80(-6)

41.51-6)
1 101 .10(-6)

49.*4-71



TABLE B.15 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN BORIC ACID EVAPORATOR BOTTOMS

CTlE
I Ie t

VLCLICE

1-132
CS-134

CF-5I

FE-5c

CC-57Cc-5fC
ZS-65
ZP-9!z p-9 ý
IRL-lC?AG- I lCf
SB-124SE-124
S E- 12 0LA-14C
CE-lAlc CE-141
N F-i..

.A,.i t~
i

21/ 3 ý11 2
3 34

01 r!(LA L LL I iER'

1ItI 1/17
950

3 .oz±.G+ (,- )

24 *! C 4 (-4 ,)

.1 164•.C2(-5)
I * , 2 1 *C 2" ( - 3)
1.22?.C2(-3*
4 . C.1 7(-.)
2.. * • C I *-• )~

E .• C:! .- f C

I,*CI.3(-t)

3 2 1 - t

.i ~.4 f- )ý

2.3 (-5)

2 Jt. c.6 (--!)

9. 4Uo . 2( 1-4)
1.0, 1(-4)

1 04 . 1(-5)( 1.O9• (-F•)

2.3 (-t)
1 coi .40 i-5)

I'4 * 0 I-. 1 )

7.1012.4 i-E.)
,(2.6(-S )

2 .e l(-. )

f CT 10 (-4)

4c. 2C t-t)
1-•.*C024(-4)

4 c I ? i - f )

C4 * 7, . j 1 4 - 5 )
5' 0i1.4 5- 1

7 1 )t
4 -.
521- )

(2.34t-5)
5. .4 ( -I)

l.,o40.10-3)

I.14•.C2(-3

].i3 :.C7.(-4
3.(2±1 (-5)12 . 011 .4 (--• 5

1.09!*CE( 4)
<5. (-f)

3,e6 (-f1
'3.64.-F)
'1• 6, (-5)

<3.4 --5)

7 20j3.6-:b)

'3.8(-5)
I.C2_.05 (-3)

a 0.+.50-1

7s901. 10(-4)
'8.1I(-6)

7-50. 70(-5)
1 .67±.07(-41
Z .X1,6( -6
2 .fC±.4(0(-5)
:.,05j.06( 4

8.C.06.8(-6)
<2".8 (-5 )

7.3011.7(-6)1i 0. .0 -
1:I9001W011



TABLE B.15 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN BORIC ACID EVAPORATOR BOTTOMS

IWTE
TIV'E

HLCtI ICE

1 -131
S-1 3"7

ýP-5 1

F E-5 1;

Nl -65i!-95
NE-95

FL-1 C 3kG-1 10!,
9-124

H-125

LA-14C

NP- 239

?/ t 21 f
1422

2/ 6
ItO3

21 f
?231

2/ 7
946

V I CAC %ý.L i11E111 tL IL IT E

2.C".!.C9( -5)

2*4C oQ9-5
5 .5 C.7(-4)
2*43 .024-4)
5.9C .20(-5)
2.93 .08(-5)
7.9C C3 (-3)
9 .e C.71(-4)

f*7L *2C(-51
1 .C; ;C2(-41

. 1L 3.1-7)

01.0C~.Cl 4(-6)
6.<0 3 o 1-6)

'9.2H.•-e)

(3.9(-f)

231A.C 4 C
1:304 , tf:5
e.20±.3C(-:)ý CO .lO(-4)

4.20 .20(-5)
1.17;.01(-2)
.1053.024-3)9. 10 j.601-5 1

I.97±.O, (-)
(4.li (-6)

2.3C±.5Cf-ýý)
P.30,.S5C(-5)

<1*EU-5)
1041.1*(-)

<2.24-5)

2 O I 0 2ý (l--

E9, 30o2 (-5)
i.12 021(-5)

1.4 3.03 -3)
f .02:±.4 (-6)

7.501.20(-5)
7.3Cj 70(-f)
104'C±.4C (-5)

0-,1. '-t0 • 5- -9: )
4 4t5cll-ti

14.:1012.3(-61
2.5'_1., (- )'5.84-6)

2.2C±. 5)(-5

6 101 . Ijo(-4)
2.84±.C3(-4)• 2. ;. 20(,-b)
3.:o01.20(-:}

1.i• 2.C2(-3)
<4•4 (-t)

797C±_ 0(-5)1.55+. CS -4)
<1:3 (-6i

6 150, 0(f-5)
I .9(!. Ec(-6)

3.60"t *6(-6)
4 .10±1 .1(-5)
5 .201Z.7(4-)

1.60± 9304-')
1.70+1.4 (-6)
6920 3.6-:6•
2.30±.0'3(-4I2"0 0 3O (: 5
3.*00 *20(-518*28+*0t. -31
9.301 ,!01:4.
2*40j1.6 6I
7.60;. 20(-51
1.45i, 02 (-4 )
6.1%l5.09-7)1.50 1.0 (-5 3
5.401+.20(-5

4,oo1,'io(-f)

4,6011.0o(-61
3.9C.L80(-51

e-5.(-6)



TABLE B.15A

RADIONUCLIDE CONCENTRATIONS IN BORIC ACID EVAPORATOR BOTTOMS - BETA ANALYSIS RESULTS

DATE 10/17

TIME 1020

NUCLI DE MICROCURIES/MILLILITER

H-3 2.4 0 O.1(-1)
C-14 1.4 ± 0.1(-4)
P-32 1.9 ± 0.3(-6)
FE-55 3.89 0 O.03(-3)
NI-63 9.49 _ 0.03(-4)
SR-89 3.0 0 0.4(-7)
SR-90 1.4 0 0.1(-7)
Y-91 2.00 ± 0.05(-6)

Ci



TABLE B.16

RADIONUCLIDE CONCENTRATIONS IN BORIC ACID EVAPORATOR DISTILLATE
Ef'I CTL Vt Lj*Ai UP Cl¶ I LtATF

A•l E

NL. t I r E

1-131
C!-134

FE-59
cc-5 i

ZN-f,•
ZF-95
v e:-9(
RV -10 3

SR1-12C
S0-125

LA-) 14
MCE-141
-,C E- 1'44

0hp-2 2 9

9/13:1 1 C / 3
i 341.

9/14 10/ 5
134?7

N 0C i~li F/ I /]LL IL. 7 ER~

'3.? (-8,
<.4 (-E)(•7 .. '. (-F)

'?4 1-'¶2.,6-8)
<,,.71-e)

4, ., (-86(4, ;t-L1

<'4.34-8)
(<; .11-b)
'Ir .9 (-• )
<= . 8 (-E})

<,1.5 (-7)
'1.4 (• -7)

<4 .c(-8)

44, (-e

"1..ci*c (--)

41.0- .t
'<8.01-b)
43.9(-8)
<' ,t (-8)

4&3 09(-8)

<9.81, -b)'1I .(,' C -7 )
'cl *~(-1(-1
" 4.8 1-8 )
.(i. ,7(-7)

<' ,. (-6.)'4,. t-• i
<t 8 (- 8-)

(44.4(-8)(". 3(-o )
411

'43.1-8E)

'1.31-7)46.4 (-8)

<4.41-e)2?.5 1-8)
,•3 (-fl)

' 5 .(-6)

<1.11-7)44.6(-8)

<5.9 (-81
<1.3a-7)

7.3 (-b
'1.2 (-7)

<1. (-t71<l.Zt -7)

<1 .1 (-7)<( 6.6-8)
<4.8 (-8)
<5.8 (-8)1.20+. SC, (-7)

'1.1 -7)

<9.1 (-8)
46.1 (-7)
42.5 (-7)

42.3(-8)
4,.6(-8)

3.So0_1.7(-e)43.5(-81
12.04-8),305010. 0-)

• •30 (-6)
<3,1(-B)

~1:30±.40t 7
'.1.8(-a
<2*4(-8)
4291(-8)

<5.2(-8)
'7.4 (-8)
<2.0t-8)
43.8(-8)
41.7(-7)

1.?C_.60(-7)



TABLE B.16 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN BORIC ACID EVAPORATOR DISTILLATE
b . A C[. I E d~f14 ' A' 0 rk I T 11u1t 1.AT F

CATE

IdiCLIEE

C$131
cs-I"7
CR- 51

FE-59

cc-re
CC-60Z?0-65

ZO-95
N"'6-95

RL-1C3
AG-lid'
SF-124
SB-125

LA-l4C

1 C:E-IA4
to NF-239

0 1171 C2 1 10118
iC•7 IC45

11/ 2
153-

S11 t170C

Il¶7CPCLL~1 E/MiJLLLEF

f.o0±.60(-91

21 . j.?C (-E-)',~(-q<70 ..5. -9)

21.7C1 .30 (-9)
1.4Uo .20 (-7,
2. ,cl.qot-7'1 .e ,,-c,)

<3.1 (-9)
<2.6 (-q)1,3C±. "0(-9)
'2.3(-9*

29.3(-9)
42.7(-S)
'1 .1 -9 )
<2 4 (-9)

'1 .5 (-9)
42.1(-9)

E o40±.eC (-5)

(:4L4*r(-E.)
2._•Ol 10 (-•

51 *0 :-O :~Jqtc¢tl.ct-g)
1.,yl.3C f'-7

1 .1.04f-7

9'21 (-9)'4.61•. -9?

'A .2 (-q)
1.t0±le(-ý )
<2 .0 (-9)
¢.42.I(-q)<8 .c (-9)

<7.754 *ý(

43.7(-7)
1s04(-7)

'<7.71l-8)
57 . 72 (-8)X- C r •2 -?

1.06 +7 (~-7)
12 S ?t7-7)

I.CC.i5O(-7)
<5.0 (-.,,

4l.4(-6)'4.41-8)

4f *4 -8)
<3 . (-i)47.6 (-•)

9.e6 4-6)

A5.1(-7)
'7.2 (-6)
<1.5 (-7)

7.40+2.3(-8)
e.52±1 .2(-7
;.02±5.5( 48

<1.b (-7)(1.4 4-7)
"•.,-8)'20 -7)

'7.1 t-8)
(7.9 (-8)
<1.7 (-7)
42.4 (-7)*
<tO. -81
(3.7 (-7)
<'8. 1 (-7)

5 9011.6(-8)3:30.12:8 -8
'1.2(-7J
42.3(-7)

3.60,11.8(-8)
'7.1(-8)

1:7011.3(-E)
7 104. 40(-7)
2 ,20!,504(-7)

48.74-8)
4.30,2.5(-8)

43.6(-8)
'4.8(-8)

3. 4(-8)
3.E0±2.24-8)

44.6(-8)
<7.8 (-8 )
<8o4(-8)

<4 :41 13
92.0(-7)'1.11-7)



TABLE B.16 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN BORIC ACID EVAPORATOR DISTILLATE
. ~r. IDOt nkI Cl-ft".0LL ATE

c I0 FT 1 ýE 1/17 2. 6 21 6
2229

2/ 7
94 c

Ni L Lt ] r E
1-131
C5•-13?

P E-S5•

CN- 57

2F -9C
P L -1I C 3

SE-124
EA-,14(
L A -14 C
cE-14•

cr 2 CE 44
Qoh 2-2 9

rý . R- ( L' i, .1 V , I.. ` .~ T F x

'2,3(-•)
7£4 i)-7)

< 1 .2 8-
'1.2 (-8)

S.2C .L2(-7)

,(1 .3i-F•
<3.01-6)

"og.l.?~(-Fj
(.1,.1-6)

.. " f- t )2.2t*.2I t-b:)
(2 .'(-b)

(V4 (6

(4<1 -
2 < :1 9 -

4.4Cj?.b(-8)

,*3 . - 7)
'. 0, C.93 (-6)

43.3(-7)'C3 .3 i-h

<7.F (-6)
'•3.2 i-P)

3.7c!2 3(-F)<• .C(i-P)
<'9.41-b)
1 ,2(-7)

<21.8 (-71
( l<2:

(1.5(-8 )
42.7(-8)

t.CO±',.I i -b•)
cr + c 90 1- f

'2.1-)l.'i.20(-7)
2.00+1 t(-e)

(1,1t-e)

1.2-e6)'i.04-6)

42.6(-

(3 5 3-6"(3.3(- )
'1i.?(-7)

2.10±1 .61-8)
<5.8 (-p)'3.38 -7)

2.30+1 3(-7)
< 3.4 (-E)

< 3 o4 (-E)
1.90. (c-'7)

'< 9 e t-6)
2.71 * 4-7)
'543 1-6 )

2.7Q)1 .E (-F)

<5.4 (-b)

<9.6 (-8)6. 6o05 .81-6)< 8. e (-s)
'5.6, (-6)
<3.6 (-7)1,40±. EO(-7)



TABLE B.16A

RADIONUCLIDE CONCENTRATIONS IN BORIC ACID EVAPORATOR DISTILLATE - BETA ANALYSIS RESULTS

DATE 10/17

TIME 1029

NUCLIDE MICROCURIES/MILLILITER

H-3 2.3 ± O.1(-1)
C-14 1.6 ± 0.2(-5)
P-32 <2(-7)
FE-55 8.9 ± 0.8(-7)
NI-63 2.8 ± 0.2(-7)
SR-89 <5(-8)
SR-90 4 ± 2(-8)
Y-91 <5(-9)

....



TABLE B.17

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM BORIC ACID EVAPORATOR CONDENSATE DEMINERALIZER
8AE AF E AL?[£ L?

Al F.Jl1tE

NUCLICE

1-131

-51

FE-5-

C21-60
ZR- 9

PL-103
AG -11t,
SO-124

LA-14C
CE-141
CE-144
IP-23q

91131133 9 11 S114ICT 13 ! 2
!C/17

1043

P 1 C[(L RI E/Pi LL L,'A( ER

44.6(-F) 3

2 .033.C7(0 )
24C.1(-7)
'(t 48 (-8)
6.4 (-el

<57.(-8)
,c 5.6 (-8 )<1 5.3 (-7)42o. (-73

( o3 fI(- 7
'S .7(-8)
<(5.6(-8)
'1.6 (-7)

'1,.3(-7)

< . c (-8)

I I 4l-60e (-6 )

,5.44-8)

'c2~ (-e

<1 .0 (-8

6!.1i4.(-7)'t .4 (-6)

'3.4 (-8)<4.1 (-
<4 of- (-E)

'1.1 (-7)
,(1 It (-7)
<3 .9 (-8)
< 4 a ( - )

(•0-8)

1 4 1.706
'7•I.O(-8)

(3*5 (-e)
714.C±.4(-7)

<6.22-8 )
~f .2-8)
'2.61,8)

'59 ( C
1 .2(-7)

<1.3(--)

.5*6 (-8.'2.01-7)
'1.11-7)

'2.6 (-8)
E. .30±. 0(-7)
1.121.C4(-b)

<' .9 (-7)3.70±1 .5(-8)
'4.*7 (-e)
<2.2 4-6)
<4.6 8-6)

5.3013 .1(-E)
<60z 4-8)
'6.4 (-8)
<2.6 (-8•)
<5.7 I-')

< 3 0 -8 )
<4.8 (-8)
<7.1 (-8)
<9.4 (-8
<4,4 (-8)
<5. 2(-6)
<1.6 (-7)
<1o2(-7)

<3.5(-8)
7.1C+.30 (-7)
9.7Cj.3Ct-7)

14.6(-8)3 • 8C±,,t 4(-8)
'2.1 3*(-6)
< 5 * 9 ( m- e

<•,:0(',.0_; 6(-8)

q9. 5(-8 )'8.59(-8)<5.07-8)
<2,9(-8)

' .9 (-8

<4.8(-83

<4.0(-8)
<4*.3 (-8)
<6.2(-8)

,,



TABLE B.17 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM BORIC ACID EVAPORATOR CONDENSATE DEMINERALIZER
CE •UNDEtf.`AlE LEV INFAL 1ZNU C[UTLEI

I ~i i 1 ~
1113

1-131
S-237

FE-El
C1C-S. 7

ct-ec

p-q5

RL-1U3P
AG-11CIp
SB-1Z4
Se-125

L.-14CSCE-141w CE-14'
ca INP-2-3 €

(3 .U-bi

42.?.3t-7)

'2.4(-e)
25. (-4)

(49 40 (-6)
(7.8 (-p)
(t4 '1, (-E
It3.3 (-8)
45.4 (-e)

4f p(-6)

'.1 0(-7)
(44.2(-b)
41 *5-7)

111 2

P7a.I, (-71)

co, (-7)

F74e(-e)
4' .2.47(-7)
3. 1;;.72(-7)

1(-.z (-73
'1 ,I(-7)
(.. (-8)

a•i ,(-7)
'6.7 (-86'•7.6 (-8)

•i1-7)
'1 .6 {-7
'C3.0(-7)
41 .* (-f
'c . (-7
'.1, (-•}



TABLE B.17A

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM BORIC ACID EVAPORATOR CONDENSATE DEMINERALIZER -

BETA ANALYSIS RESULTS

DATE 10/17

TIME 1043

NUCLI DE MICROCURIES/MILLILITER

H-3 8.9 ± 0.4(-3)
C-14 6.6 ± 0.7(-61
P-32 <2(-7)
FE-55 5.7 0 0.5(-7)
NI-63 1.71 6 0.01(-7)

o SR-89 <4(-8)
' SR-90 6 ± 2(-8)"t• Y-91 <5(-8)



TABLE 'B.18

RADIONUCLIDE CONCENTRATIONS IN DEMINERALIZED REACTOR COOLANT SYSTEM
L'ilr' P. C. T(TCtRGE TANK

CiTE

1-131

H1314

Co-51l

FE-SE

CC-6t
Zt-65
ZP-95
t4 B-9
RU-i C3
Ac- 1 OPSO-124

u-125

,A CE-1iC
o•CE-141

c 1244

I 53'

'2.6(-8)

'3c.. .t-e
4 .3C±.7/0 (-8)i

(•1 .Q (-8)
5.4(C.2,*1 (-8)
4, .iC12,0 (-El

'• e 4-e')

<2.1 (-El
'21,6,, (-F )

'2.5 (-e)
•3 .C(-Fl
'2.7 (-8)

'•2 .(-8)
<i .l(-8)

1 /21
1247

iM ICl *[L P1 F / I~2L LI L ii F
<2 .c:t-e)

7 qo!. ,C-(-7P)
'1 OF (-7)
'2.3 (-8)
<i1.7 (-8)

2 *f0,.30(-7)

' 3.4 (-F

'c~oC-El
42 .2 (-b)

'2,8 (-8)
<, .4(-8)<f•o.2(-8)

<c2.St-e)
'l.9 (-7)

. 1 (-8)



TABLE B.18 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN DEMINERALIZED REACTOR COOLANT SYSTEM

I CP PF.A

• ,C P CC C 'E / '. H •LI ii. Il E R

I ~E

tG-, LI CE

E-14C

11-134S-13"7

Cp-51
cc,-6c

Zp-9.!
N E-9-1

A G-1 I of:
se-124

WLA-IE5

' E-14,1onCE-144
OINP-2:2s

'< *.* (-e)
c 0..7 (-tj
<7,.4(- b)

<. 7 (-t)
7,.CC+2 . (,-e)

<7. 1(-')
<7.1.4-Z

< .1 (-)
C'.0~(-9)

P8 .5 -F

f6.6 * -8)
o 4.7 -1)

'2Z.5 (-'7)

32*]3*+.4* 40-7)
1 9C .'~f-7)

'z..7 (-Fl

<1. (-8)
-cI p 0.0-)
<'1 F

<2 .(-6)'1.6,(-8)
'1.9 (-8)
2l.6(-6)<~ .11(- b

'7 .8C(-6)'1.'(-'2.R t-8 )
I C; * 7C (-7)

('f .( (-F)



TABLE B.18 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN DEMINERALIZED REACTOR COOLANT SYSTEM

CRCS!T LEfrIPV FILTEF EFFLLENT

•152C 1/33E A 7 E
I•, L I t- I

NLCLILE

$ 131

C1A-51
CR-54
FE-r-S.
CC-5 I

ZC-65
IF-95

U-10C

LA-i '( C

• t14Ip-2 3tc

<'t.7i-8)
<Z P (-E )
('I1:2-,8)
< ].. (- 7)

'3.1 -- 8)

<2 .• (-8)

41,02(-E)
•.3 -eb

<1 9.5C-8
'4 .G (-8)
<2.8 (-8)
<'8. 4,-8J.
'4 .2(-8!

"3*4 7(-8)

{'1.9 (-7)
<1,9.8(-1)

%,L u 'IRtTLI 1L]TFR

(I";403(-7)

43.4(-8)

<2.•1-?)
<1 8.(-8)

<47 (-E)
73.4 (-E)

42.7(-8)
47.3(-6)

<21 c (-8)
'c2 7 (-e)

<7 .2t-6)



TABLE B.19

RADIONUCLIDE CONCENTRATIONS IN FEED TO MISCELLANEOUS WASTE EVAPORATOR

9j'~ 1012 t: 1/ 1A
1427

1/16
140 3

NLLLJ t E

CS-131

PtF-54
FE-5C
C s. -

2I-6•
Zf-9f
NE-99

F1-1C3

SE-124
SE-125
SA-14C
LA-140
C Ck-141
CE-143
CE-144
H F-232

'9 7

5 .2

0,...

5. 42 .1

',9

1 7
1 0

(

-4

-4
- 4
-3
-4
-4

-2'

4.4 leZ, (- A)

) 9.?31.03t-4)
34.3-c

) •,'Q•.17(

I 4.3C C3(-4)

, .C %4 . 3(-4)) 3S4, Lt tC(-6
I 1.I• -f3 (-4)
) 19 •2 4)

,9; 2{,€ .=
t Ž.F64.~ 4)i

) 6CTO 14.,-5)

I .107.o(-5)

<i .l.0,*20(- 5 1

.. ; ( f )

C;! .&C+ 7 (-5)<'7,5(-e )

7.4c1~'-

1.2l .C3 (-4.

7. 3Cj.50(-5)

475 (-6),E: C4 9 0 't".

;,IC+,40 (-5)
5 .30.,70 (-5)1,(.CC±,2r C.',)

(3,5(-.. )
'1,.3(-(:|

6,4C±2.4 t-t' I
(8.,qt-I;)
'2.9 1-p)

3 )4-~

2o 12±.L3(-41t . 70 -0 (
3.17.c-C(-4l)
,-802 .71-6)

A 11 o4(-4).3C.C3(-31
ES ]604 1 -4
2-4q7.(8(-4)S ,80!.20 -5)
2. 2± CZ(-2)
1,0 .O•± '-4)1.03 C5 (-4)

2.90+. C9(-4)
4 ,3O±.•C(-5)

1:*02f±* .01-40
1.261.(4(-4)

3.3 1(-5)1.20±. 101-5)
3.101. 10(-5i

<8.91-f)

2, .. CI 3

5.771,08 (-4)

5.90 1001-4)1.80± 1 01-5)
7.51+ 05(1-4)

11j03(:4
3703( 51

15+OZ(-42

8.90+:10(-4
6. 10+18(-6)
6 O 020+(-5)
1 .43+;081-4)
9 .1C 5 41-6()
2.5C1.301-5)
6,201.401-5)
6*40 .20(-5)

8 .A±7.4(-6)
2 . ,C.10(-5)
6.10T.20(-6)

<1.3C-5)
41o51-5)
<1.01-5)



TABLE B.19 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN FEED TO MISCELLANEOUS WASTE EVAPORATOR
nTSC. WASTE E•VPaPA'TO FEED

14 E

NLCLICE

1-131
-S 234

S_-137

f E-5 9
CO-57

CC-6fZt4-6•!
ZI3-95

RL-103
AG-1 icr
SE-124
$B-125

a9 t--140

CE-143
CE-144
HP-23S

I/it
1716

21 2
1415

2/ 3
1239

1/ a
14108

2e.L7847

MI CCCLR IE: ý/*LLILIIEE

15.44.±C5(-4)
0, C (-4)

2q.70 . C0 (-5I-'.9q1. C(-'.)
1 *214.0C4-31
3.%C±.05(-4)
1.40±.111-4)
1.3 .5C(-4)
7.105l .61-3)

I.IZ01.5G(-6)1.15±.09(-4)

<4*50 *24 (-'o-)
1 .7011 .3(-5-1.501.101-41
6 .3 C .*304- 5)
1.151.094-4)

1.701.+1 0-5)
'1 .2(-!)
<6 .0 ( -5)
<4.2f-5)
43.00-5)

7.30±. 101-'.)
162C7 702(-&

1.10l.1c(-5)
q .59, .L0c (- 4)
1 .291.02(-3)
1. 7 Z .01(-3 1
2E11 .07(-4)

2.17;.02i~-2)2 q27.0C(-2)
1. 10;.30(-5)
1 69.04 (-4)
3.671.0 (-4)

'Cir.p (-f.)
2*401*2C -vo
1.310 41--5 |
1.20107 (-4•

1ot. 0,80 (-5)
9. 701 qcf-t)

450;(1-6)
<7 .5 (-C )

1.1011 2(-A)
<P *p .- cic)

3.23±.03t 4)

7oi.c16iC(4)
7.1Co3.Ct-6)21.CZ±.Z (3)

1.• '9.Oa(-3)

2.36 .06(-4)b .iC , I 0(- 5).,

2
I 4C±.50(-5)

t. I;.06 (-'
3.4 T.09(-4)

.3. 0(-()2. 51;+.3C(-5)

1:11•.07(-4)

1 .?7-.oe t-4)<', .(-•)

6.3072.04-f)

8 .8C,±6 9(-!;)
<P.01-6)

3.15+.C3(-4)
4.30±2 .(6-6)
7.•2. 104-41
1.20±. ,0(-5)1-. (.4 i(-3)
1.19 .C2(-3)
1.48e1.C2(-3)
2. 31 :cq(-4
2.021 .C(-2

7.303 .6 (--)

I. 2C!.]C3-4)
'3.2 (-f)

1.07±. C5 (-4)
<.le (-'5)

3.7G+.-±C-6f)
<6-.O(-6)

.90+1 ,4-65)'6;c 4-6)

1-00 .04(-4)
F.201295(-61
4*64+. 12-'.)

4 10 30 6:6
26010-6Z1:)

2.40 .301-5)3 .401:411-51
1.:C7.40(-65

4.5-0±.80(-6)3.101.601-5)< so .20(-5)4030(.141-5)6 * ,04*1. (-6]
3.10 98(-61

6*4C 1:9(-61
39 '1f)1' 9(:L-5:'041,6



TABLE B.19 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN FEED TO MISCELLANEOUS WASTE EVAPORATOR

1T vt•IE
C A CI [E

NJ V C L 1 CE

1-133
(S-13,
CS-13E
Cc-137

CC: ]F E-!S €

C[-6C

NE-9t
elc-qqc
PU-IC3
A•G-11CY

a• .- 1'-
-* LA-14C

CE-I33

CE-144I9F-23€S

,342C 0 f -4)
5 +

,o3.] t(-4•)
2 * 3( 4 20 * -( -4;1
2 .4';"4( I - 4)

3 * 737 -A)1 .8C.i7. (-1 )

:f .C; IG (-4
4 ,0 41 04-)

3 C * 3 C 4
1.l94.C?(-!)
3,4 . 4 )

1 .c41 .4o . - )

i.OCC4.•(- 52



TABLE B.19A

RADIONUCLIDE CONCENTRATIONS IN FEED TO MISCELLANEOUS WASTE EVAPORATOR - BETA ANALYSIS RESULTS

DATE 10/25

TIME 1515

NUCLIDE MICROCURIES/MILLILITER

H-3 4.0 ± 0.2(0)
C-14 4.3 ± 0.4(-6)
P-32 3 ± 2(-6)
FE-55 1.32 ± 0.01(-3)
NI-63 3.69 ± 0.03(-4)
SR-89 2.7 ± 0.8(-6)
SR-90 2 ± 1(-6)
Y-91 5.2 ± 0.2(-6)

4I



TABLE B.20

RADIONUCLIDE CONCENTRATIONS IN MISCELLANEOUS WASTE EVAPORATOR BOTTOMS
IMl'(., wAf E FWGR0AU(i ECTTC,1f,1

N1,• T E1)I'E

NUCLICE

1-131
1-133
CS-134
CS-13f
$S-137R-51

PK-54
FE-5 9

C-5 7
C-6C

ZIN-t!

t4E-9!

RL-10 3
AG-11CM
SI-124
S8O-125

WA-140
L4A-1 40
roE-143

CE--14'
IwP-239

I t?.U 9)251430 1510 141/A1412 1/16
1400

9.0OO.ko(-3)

q.ZC .20(-3)

10.194.C3(-2)
3.90+,30(-3)
2?714.C9(-3)
2.20 .20(-4)
1.8C.CB3(-4)
6.301 20i-2)
4.91c .30(-3)
1,60 .70(-5)

1.EKL+.C61-4)

E .3C4I ZC (-4 1
1 32+.Cit-3)
1.:4( 7 5r F(-4.)
.:4 4Q- 5)

< 293-5)

E301.]Of-4)

4. 50~ 1I01-3

E•.q64,06(-2)
A ,914.,F(-3)'2 .1 *-

2.701.20(-4)

5.201,20(-4)

1.344,0'(-3)

5o.21-5)

'9. C(-)
<7.0C-5)

1 * E{+.C9(-3)
6.• c ,c 0(-3)
1.4o.40 (-4)

:fi 07(-3)
,1 ÷.LOfl-2. 71:.03(-1)

o'1.01-4)
1 el .6±.t ( -3)

4.30± .1C(- 3)
1 e!.2c4.0(-3)
1 4CI.20(-35

6:5C±.L04-4)

1.450 1-3)

1.30T.20(-4)3:60,S011-21)

fl.8C, ±i(-3)
1.70±* 20(-3)

:1.10:Az0(:41

2.80 *10(-3)

1.177. C6(-3)
3 50 01-3)

3:60,7 01(-3)
<'3.11-4 )

2,ec.20o-q
A.OC±1 .3-4)

<190i!-4)
1,I3, 10 -3)

<1.0(-4)

.. 58±. C8 (-3)
'1.7(-5 )

1.7C( *04(-3)
5.801. *05 (-5 )
2,29g*02(-3)
1.21 *06(-3)
7.304.10t-4)
1.99 1 101-4)
6#304.30(-5)
2 s61 03(-2
1 .771o02-3

1IEO'1.10(-4)
2 801.30(-5)
4.301.50(-5)
1.20±. 10 (-4)
z.i 0!.05(-4)
3.531 091-4)

4. 10±.30(-5)
5 7C±3.9(-6)
2.201.801-5
6 .30±11.3 (-5)

c1,3(--5)



TABLE B.20 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN MISCELLANEOUS WASTE EVAPORATOR BOTTOMS
j~tl-1F EVAPQ kAT~k býsTTrtý.*

C, AT FI1I'E

N•UCJ. I CF

-133

$-13f.
CS-137

FE-! rq
CE-57

CC-6C
ZtI-6!
l2p-q9
s e-. 9 k
PL.-q 9
AG-I11cm
ý6-124
. 6-12!
D A-14C

-a LA-14C
CE-1,3
CE-143
CE-144.NF-23cq

1 73 ý.
1/ 3 21 3

1231
2/ " 21 3

1857

SCF ,P L, F; I,, I L. L 1 L I I •F R

!.4"C+*10C(-31
4. .(4. iC(-3)
2.9-0 o20 (-3)
I .(i .(,2 (- )
4* 40C *410 1-4)

4 .2q .C- (-2)

3.,'012,9(-51
<1 .3-4)

2 • !. 3 .•t01-4)

2 .•.4.?C (-4)

9.. 5-

'•.2(- 4;

t.491±.C2 (-4)
10. ' C? (-3)
3.30 .20(-5)

S~~ C(2 1-4
23.5O * I:; (-S

7 f 0! 1.C (-3)

2 . 301.. 2 (-te-•

?.40+.,C -)
1.1 ".1C((-5)

3 •,. , A ; C,0(-4,)
* 1.I *20-5 |

'6.C(-t)

1 Cq±20i,(-3tstC 1.,4 4

A.70_.40 (-5)
:A *147 .U& ( -4)1,C4+,02(-31

.. 2 .4 -3)
2o4 *,.07(-4)

2.fS±.04 (-3)

2. ±*10 21-4-)

40.el]o09 (-4)i B " o 01. (-4)
3.0 .CI).0f-c)

4 .1(- )

IC j= 0

1 .4 C(- 3)
1: + :50(-5)
4.41 .60(-3)
1.50 .50(-5)(f.124.(f(-3}
2.05TC3(-3)
2.3FtC2(-3)3,85 ]s2 (-4)
I .624. C4(-4)
4.76 . C5(-2)

2 * 22 4o C, (-4)

1930+920(-5)

2o67 * (6 t--4)

7.431. 2C(-4)
3. 21 'f-)

I.IL±. 2(-5 )
1.16.I26-5)

2. 1 ; ±1.5 -4)
<i1.• (-5)

1.90 .011-3)

6 ,17 4,07-31

1*95.0 3 (3)I. * 7 .f.C02 33.15 .. O• (-3

4•36 .051-2)
4.254.05c(-3)
2.O9. *0(-5)
1.63 .t 0f 1-4)
4*30<020(-4)
1.00± i30-5)
4 .8U±.40(-5)

2:5 2 50':309 -6 47:4(.! 101-4)
<4.1 (-, )

5.OCI.Ž0(-5)
5.5D0±3.01-6)

'8.5 (-5)<,4.8 (-5)



TABLE B.20 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN MISCELLANEOUS WASTE EVAPORATOR BOTTOMS

INUCLICE

1-131

-S-134
CS-13f
CS-1?7
CR-ti
Fh-54
F F-5
CC-57
H -56

ip-qsP-EG

INe-q!
RU-1C3
AG-11(de
SO-124
Se-121ý

map-1oc

O-CE-141

?4p-23S

2/1o
S02 1122 1411

N4 '. L CI I I F. -/.• LL / L ITEP

3.t0 .tO -4}1,54(- )

2.707.30(-4)
I.14C *10(-4)
3*22.CEe(-2)*• 20(-B)
3.OC .90O -5)

7 .5i13.4 (-ti
f kc7 • . (: -3 ('

5.1C42.1( -41
C,.5C4, .5. (-5)2.lC02.0(-4)

<6004-~(5)<.3 2C(-5)
6.0•( 5)

IC19*C7 04 (-3)
<2; 4 G, ±1

5.24 .li(-3)F'."]Oi 1.21-5)

7 2 4 0. 3 - 3)

2 .•0 .2(0 -41

4.F .;t (-4)

(.1 .2(,A-S)

,c.1. . •0 ( -.5 )

3.10;.30(-4'2.C54.04,(-4)

li*F3 *12 (-m4)P .30,j e. (-Si
5.9O .A0(-5)
1.( ..U4*S•(-5)
5.70j1.3 (-5)1 .5( =)

'2.? ( -ý5

t 20±.*30 (-5)

1. 3C. 20 (-3)

2 7C;130( -)

5. C÷,90 C-f)4.C3;.06 0-4)

5. 70;.50(-4)
-C .+a03 . 0(-5)

C 2 ' . ' {l_ 1 )

l.7±1.(.-5,



TABLE B.20A

RADIONUCLIDE CONCENTRATIONS IN MISCELLANEOUS WASTE EVAPORATOR BOTTOMS - BETA ANALYSIS RESULTS

DATE 10/25

TIME 1510

NUCLIDE MICROCURIES/MILLILITER

H-3 8.3 ± 0.4(-3)
C-14 1.3 ± 0.1(-5)
P-32 1.95 ± 0.05(-5)
FE-55 2.02 ± 0.02(-3)
NI-63 6.00 ± 0.03(-5)
SR-89 4.2 ± 0.1(-6)
SR-90 8.2 ± 0.4(-7)

4 Y-91 2.03 ± 0.02(-5)



TABLE B.21

RADIONUCLIDE CONCENTRATIONS IN MISCELLANEOUS WASTE EVAPORATOR DISTILLATE
o! , . ,' F F V• .. .. -', U'. ý :1

UA! E

LCL1 E

1-132
1-133
CS-1?6
CS-137
CF-51

F E-!_9

CC-6c

hE-95
P!C-99
PU-i(3J(C--lb,'
Se-124

"L-14t

CE-143
CE-14?
C F-2 3S

9/2r
1434

1C iC
1415

1/16
1358

'2 .Cf ,?7(-8 }
<3.C s-b )

12;0 L(-7
S.9C. .2(-E)

1 .2 (,4. lo;(-7/)

00.c -ei<• .. 01-e )

"{2.0(-el

< . (- E)
2 0.0(-&)

'3.3 (-8i
* C. *S(-8)

'4.0 (-'a)13 .,-7)
<5 *( -ti,)

< 2 * c 4
1. 2C (-7)

,6 * C A-~*
1; .C (-7)?.,C I-ti
'2 .C{ (-

.l 0 (-7)
'< .1 (-7)'i• ,C (-8)
'4.*C (*- 3)
"'.C*(-7)
'I .C (-7)

44,5,-e)

7 2.±4C .2 (- ti

'4 t-0_1.2 t-Le )*. ,', C. . 8 t -&I

4)
'7 6Q(-E

`6.0-1-8
2.4C±.30 (-7)

<(7.04-8 )
,5.0(-•,)
"57.'1-8 I

'2.0 4-8)

'7,.0 t-B)I

'A7.. (-8)

1. 3C±. SC,(-7)

i 1-(,;. AC (-7)
2611. (-7)

(4.0 (-7)
3.60(1.5C(-7)

"<1.0 4-7)
4•4 .0 1-iS).O4_ i4 (-f:

6.6043.2(-6)
< ',.C• (-8)
<5 .0. (-8)
<".C f (-7<4* (-8)
<1.0 (-7)
<4 . (-7)

•6., 1-8)
'1,0 (-7)
<2.C (-71
<2.0c-7)

7.101.30(-7)
'6 9J (-E )

3 .CC±.10(-6)
1:201:.30 (:71

'3.24-7)
2.6012.1 (-8)

<3.0(-86
6.1. *50(-7)
I:4,C±.60(-W)<8;O(-a)
3.3013.3--8)

<4.0(-B)'3.04-8)
<4.0 (-8)

IC80±.0(-7)<'4.0(-8
'2.0(-7)
<1.5 (-7)

4.2011.9(-8)
C8.0(-81

<20.(-741.3(-7)



TABLE B.21. (cont'd)

RADIONUCLIDE CONCENTRATIONS IN MISCELLANEOUS WASTE EVAPORATOR DISTILLATE
I'll S "a ýA !"I El.t ,'i•, PC P4 C- 0T litLLA IE

PATE

NUCLICE

1-131

134

C'-137

m N- 5.
FE-59

2P-9 5
t(B-99" C-q 1
RL-1C3

H1-124
wSle-125
1 A-14C*-iLA-1 4C

14CE-141
CE-143
CE-1 3
KF-2 3S

1738 1226 ?/ 3
14 ý0

211!
ýCc 2,11

1120

ViCeC'RXc•St•ILLlLllER

6• .3L4,.30O(-7 )<6.0(-8?
I *6Ca. 10(-(
1 .2C±.20 4-71
2O.+. 10 (-6)
3.5012.2(-7)
2.2C±.40(-71

<6.0(-8)'3 .0l-8)

:01 -8
B .4C±4.1(-b)

<5*.0(-83
4.00(-0)

2.4C.2 .0(-e)(li~i(-7)

(57 sO (-8)
<1.0(-7)

<2 .C (-7)
'.00(-8)'7.04(-8 )
<1.04-7)
'2.3 (-7)
'1.0(-'7)

7 *10j1.3cl-7)2:.IO.0.•(-?)
2.E04ý20 (-u)

'37.C (-F)
I 601 3Ct-7)

2.20_1.30(-7)
<2 " * 4(-E )

4.01+.0E -6)
4.5C- .30,-7)

'5.C(-b)

1.20,.20(-7)

' .0 (-&)

(•2.04-8)
42 ;C (:8

go.0 (-8)
.-0 (-8)

'I.C (-7)
<t1 .C(-7)

4.4,1.02(-7)

5.c0I1.e(-7)

24.07-6)4,.004c2,0 4-c)
2 .••LC .9(, (-7-)

04".G(-7)2 0".bC.0 4-?)
2!ii.07(-b)

I3CEQ-e

'2.3(-b)

45 .0(-8)'C.0(-C )
'C .;(-e)
'2.04-F)
'(5 .0{-8)
'1.04-7)
<I.0(-7)

445f, t.T(7-?)
2.3 012 3 :1 .40 4.40(-

'3 .0 I-f)

1.IC± +.0(-E)
C.o601.30(-7)I .304. '04 -7)

<4.0 (-E)
<3 .0 (-6
12.0 (-8)
'3.0 9-F)
<5 ,0 (-8
<F 00 -8e
<42*0 4-' 1

48.0 (-8)
'3,0(-8)

4.40+2.3(-8)
' 6".0 I-. )
42.0 (-7)
'4.,C (-5)

4.901960(-7)
<6.0 (-8)?:otj*.7(-7)

"<3*0(-b)
+3.07-:7

•.201o501-7)
4.SC_. 60(-8)

<2.0(-6)
1. 7Ci 40(-6)
9.2c÷.90(-7)':5".01-8)45.0(-8)

'5*0(-83

42.0(-8)
6.6C05.1 (-8)<5.O1-C)

<6.0(-8)
41.0(-7)
<2.0(-6)'4.0(-8)
<i.0(-7)
'2.04-7)
'1.0 (-7)



TABLE B.21 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN MISCELLANEOUS WASTE EVAPORATOR DISTILLATE

41(I

NtCLI[E
-131
-133S.-13ý

cs-1,C
CS-137
ER-5,1

CC-.

Cc-6CZN-tl.'
ZP-95

RL-I(C3

SI-1?4lm-lt3

SE-15,3

PE-14'NP-23cS

(3*O$-• 3

'I'i C 1 .3 ( - 7

1 o0( )'I .3(-)

'5.04-6)

<t.-.o I -E I
< 9o0 1-6)
<I .01-b)<3 .0 4- )

2.05 -0 )'3.01-b)

(3 1-b)

ci.0(-7)41 .C(-7



TABLE B.21A

RADIONUCLIDE CONCENTRATIONS IN MISCELLANEOUS WASTE EVAPORATOR DISTILLATE - BETA ANALYSIS RESULTS

DATE 10/25

TIME 1458

NUCLIDE MICROCURIES/MILL ILITER

H-3 1.49 0 07.0(-1)
C-14 6.1 + O.1(-7)
P-32 <1(-7)
FE-55 6.1 ± 0.5(-7)
NI-63 2.0 ± 0.1(-7)
SR-89 6 ± 4(-8)
SR-90 <2(-8)
Y-91 <5 (-9)

IC



TABLE B.22

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM MISCELLANEOUS WASTE EVAPORATOR CONDENSATE DEMINERALIZER A

NLCLICE

1-131
1-133
Cs-134
CS-13f
CS-131

FE-59
EE-•7

CC-t-7CC-60
ZN-65

t 6-95mc1 -9c,
RL'-1C3
A C-11ic-
CO-124
SE-125

00 LA-14C
CDCE-141

CE-143
CE-A14
NP-23q

9i25
I f 'A 5

9,259'"14 1446
1.1/1 A

142 1 912

m I C f, C C i. R I E S / L AILL111TER

•.701i.1 t-8)

<'.0--8)

<2.0lu(-E

<3 .0 (-8'4.04-7)

I2.I0-t 8
<. (-8e(7.1 (-8)

'7.04-8 j

< .0 (-8)

<•.C (-8)
<}.04-8)

'3 .0(-8)

7 0; 1i 4 , C I - E'
' .C(-E3)
<2.C(-8;
043. r(-)
42 .C (-7e

'(7.4f-8)
'4 ."C(-)

9 2 .C, (-8)
<1 .0.( -8)
'2 "C (-8)
'7.0 (-86

'(3 C (-83

<2 .C (-C

<'i .C(-7)
<7.C(-81

'•.04-8)

€'2.0-)

23. Ol(-b)

'2•.34-8)
'3.01-6)

'c7 .. ( -8)
4t .0: (-8)

2.0 -7

'42 .* (-7)

'1i ..0 (-7)

<4.0 (-8)
<6.0 (-e)

1.3011.C(-7)
<3".0 (-b)

S6 02 .0 0-7)t . c 04 0- 8<.013 .7(-8e
<4 C. 0-8)
43.0 (-8)
<.3 j. tO:(-7)

1 .•: f'10(-7)
<10C•.c (-7)

<4 .'0 C-6)

<6*. (-8)
4.C0 (-8)

41.0(-7)
'2.0 (-7)'9 .C(-6)
<I;0. (-7)
'4.0 1-8 )
<b.0 (-8)
'1.0 (-7)
'2.0 (-7)}
'2.0 (-7)

3 .F3A)1 .3(-6)'1.34-7)

1 .50..30t-6)
640±5.0(-81
i 901.404-6)6 1013 8 (.87:COo5; 81

'(30(-8)<2*0O(-8}
2 .0011. :741)2 20•9.7(-7

<4.0(-8)<c3 0 (-8)
I2.01-8)
C4.0 (-8)<3,0[ -8)
A3.0(-7)

5.40±3.3(-8)
<7.3(-b)
<1.0 (-7)'4.34-8)
<3.0(-8)'2.01-7)
<2.0(-7)
<4.0(-7)



TABLE B.22, (cont'd)

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM MISCELLANEOUS WASTE EVAPORATOR CONDENSATE DEMINERALIZER A
~~~~~ U 'LL A.E:rf ~ i~

r'•TETIPE

NLCLILC

-132
CS--134C!-136
C S-13 7
CF-5 1CP-51
F E- 1;

c(-6c
ZP-9.•

tL-1C3
AC--I 1cp

,F -12
9EA 1,4 'C
'C F-141
CE- i4.3
CE-1i4Ip I-,,Z 319

LKLA -4 /ý,,IL LI TE"

:i'- . f,( -f)

1.1Ci1,C(-71

< ,Of-
<i .. (-t J

".' ,0(-8)

<,0* , 8 l")



TABLE B.22A

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM MISCELLANEOUS WASTE EVAPORATOR CONDENSATE DEMINERALIZER A -

BETA ANALYSIS RESULTS

DATE 10/25

TIME 1446

NUCLIDE MICROCURIES/MILLILITER

H-3 1.51 -1 0.07(-1)
C-14 4.9 ± 0.5(-7)
P-32 <3(-7)
FE-55 1.03 ± 0.08(-6)
NI-63 1.7 ± 0.1(-7)
SR-89 <2(-8)
SR-90 5 1 l(-8)

Pa Y-91 <5(-9)



TABLE B.23

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM MISCELLANEOUS WASTE EVAPORATOR CONDENSATE DEMINERALIZER B
"WE CONCENtE.TE rEVIjk-0 LUT

DAIETItE

NUCLICE

1-131
1-133
CS-13l
S-1306
S-137

F -51S

FE-ec

I C E-14

z4p-2o

AG-11(om
SO-124

o* LA-14C
CE-143
CE-144
HP-2 39

S125
iC c 11

91?5
j44t

I C /25
1447

11/1A
141; 915

C UC i 'Ef /0IL T' Lit lie

<'.•0(-B)

e~.01ia-8)

2 .0 (-e
'.0 e(-8
<2.0(-7)

3,2C+ 2 (-8)

'53.0 (-tb|
'2.0(-81
'=2.8C1(2-8)
'52.0 (-8}
'3.O (-8.)
'3.0 (-8,)
'2 .u (-8)
'2 .01-8)
'5 .0 (-8)
'4.01(-6)
'6.01-8)
'7.01-8)

7.770 1 8(-8)
Cic(-7)

5~.cc±2 .01-E)
<4.0(-8)
'5.0 (-F)

<3.C(-P)
2.10C.30(-7)

I5 .0 (-8)

<5,.C(-8)'4.C(-e)'4c.(-F3)

49.C (-d}
3 .C(--)

' 4. (-8)
<5 .0 (-b)
'7.0 (•8)'3.01-8)

'.cf,-7I
'3.01-8)
<5 C.!1

<2 . {( -8)
'<5.0(-F)
7 ;.7 'A. 7(-t)
'4. 0 (- E )

.6C+±2.C (-E)
43.0(-7)

'2.0(-8)

'3.0(-8)
4 .8C±+70(,8)

'6 .C(-8)

'2 .o(-8)

'7.0 (-8)

'7,0t-8)

'4.0(-8)
' 7.3 1,7-8 )

<3 .0 (-8)
<70 (--e)

8 .;C 41 .21(-e

'.•0 (-7)
<3.01 -78
46.00 4-8)
<3.0 i-8)<e ,0 (-7 |

'7.04-e)
'5.0,(-e)
'C3 .041-8)
'3.0 (-8)<'.0 (-8)
<3.0 (-8)
'1.0 0-7)
<5 .0 1-8)'7.0 (-8)

<4 .C 1-8)}
( .0. (-8)
42.0 (-7)
'2.0 (-7)
42.0(-7)

C2 .0 (-E)
1,C4 o•, (-6 )

2: 60. 1.8( 6

(2.0(-7)
3.9012.1(-8)

<4•.0(-O
4100(-8)

5.8011.4• -8)
,5.0(-8)
46.0 (-8)
'6.01-8)'2.01-F)
'2.01-8)
<23.(-8)
45.00-8)

<3.0(-8)
<8.0(-8)'3.31-B)
'3.01-8)

'8.0(-8)



TABLE B.23 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM MISCELLANEOUS WASTE EVAPORATOR DEMINERALIZER B
L,2 t cA', A , E E IK- I t;Ii •E

CS-134

E S- 1 :. tS-137

FE-Sg
CC-57cc- "
CC-6(;
ZN-tUZR-'Q 9

AL-0C3AG-11c'h
P-124

LA-1'.C
CE-141CE-i"'l

r E- 1 A _,A F-2? S

'3 .2r.+ 1e-)
it 2C0 (-7)

<1,, -F
3 .cC±. IC (-E)

'7.00 ( - -

"~ <.'Ji] -6 )

'•3.0 (-C. )
'2.0 (-8-

41 .01f-7)<( .o (-e)'3 .u(-C)
'2.0 (-71
(.1 .C i-7)

'ZI.2I-?)



TABLE B.23A

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM MISCELLANEOUS WASTE EVAPORATOR CONDENSATE DEMINERALIZER B -

BETA ANALYSIS RESULTS

DATE 10/25

TIME 1447

NUCLI DE MICROCURIES/MILL IL ITER

H-3 1.49 ± O.07(-l)
C-14 4.9 + 0.5(-7)
P-32 <1(-7)
FE-55 1.9 ± 0.1(-6)
NI-63 2.7 ± 0.1 (-7)
SR-89 <2(-8)
SR-90 2.1 ± 0.6(-8)
Y-91 <4(-9)



TABLE B.24

RADIONUCLIDE CONCENTRATIONS IN INLET TO MISCELLANEOUS WASTE TANK FILTER - DEMINERALIZER

l a ./(1,-ý"1: ( 1L' 'V-O ýF 11
1 17 L

NLCLICE

1-131
2-113CS- 134
C!-L3t
CS-137INA-24
CF'-.SCPW-51

F E-• 1
CC-a7
CC-5E
CO-60fIN-e!

2 P-95P 0-9•

AG-11CI
SE-124
sf-12'ý

do LE-140
Cn CE-141
CE-144

1. 6C.+. 011.1 ,

1.33!. 021
fo4cl etcl

3.06 101L .4o:;.0 P
3 .'6'I. 0 L

I o~± C

0 774 *~

3
170 *2Ci

i 21 .LT1

3 .50j. ?C
c .1(C2.4'

-3)
-4)
-3)

-3)-4)

-3)

-3)

-4)

-4)
-4)
-4)



CAIE
77tw F

NIUCLIt E

CS-13
CS-l131

ck-t i

F E- C;

CL - 1.
CC--5t

Zt-6'
z p -95
1E-9'

FL-1]C0
AG-13 CI

AP-124
j& 1-l,,

4 CE-141
CE-14iý

TABLE B.25

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM MISCELLANEOUS WASTE TANK FILTER-DEMINERALIZER

ir~~ t *rt.P•, 4F [(LA;S~ 'tLL.tE%

:r, -" .

t ,.O! i-I-3

S.A4:51.3 t-6)

'4 , 0. e-'4" ? ,((-6 )



TABLE B.26

RADIONUCLIDE CONCENTRATIONS IN INLET TO SPENT FUEL POOL FILTER
•: FN -IfEt. POOL ý'AIL.IF.R ,N.

1-134
1.-134
CS-134
CS-136

CR-51
rIN-54
FE-5•

PJB-9,

RL-1C3
DG-11¢Ct
IC e- 12I E-132'•

,e $-l•:g

N1-143R-143
NF-239

9121
JC4t

1f4 / I1
134Gt

1h1 e 11j1l
120 e

11/29
940

rILPECLFIFS/I•LLILITER

"7 .11-6)
? .611. T4(--7)

<I1.8i-7l)
5 .451.27(-7)

4 1.03 1 -!)
'6.2(-7)

e.79.•29(-7.
(1.94-7)

351-1 Z t-i)

1.56.0i.4-6)

'.84-i)•-,)

(6 O. (-8E
<7 .11-8)

5162*23.(-7)

42091-7)

(1._21- B
'2.91-T

<(b .21-8)

'2 .7-7?

'9.2 (-B)
'7.31••3-5)
<7 *3(-e)

.78F1 27(-1)

7 4 C.11

'65 (8)
1,i8.(61-8.)

<7 3 (-7.1'9. •(-8)
'9 . e (-F

(7.84(-E)
''.e (-&}

'2.41-8)

* :4, ±. 78 (-7)(3,4(-5 )
I .•3±,05 (-6.)

'•2.31-i•)3 e54,2 (-7)

131.34(-7)

7'251 +s''9(- f)
6 *•73.52 (-7b

'.221..62 (-7)
49,0{-P)(!.5(-E?

'6418

'9.9 (-8)
SLI E 1
NOT E 1

1.15;!. ]1(-61
'1.•o 6 1-7)

'7.7 (-7).2 CA 9 (- f
"(3.0 (-7)
(9a7 (-6)

2.501. 13(-6)

'2.e2 (-7)
' 1.6 (-7)
S1.1 -7)
'1 .2 1-7)
<4,5 (-7)
<1.3 1-7)7.7512 .1-7)

<E.91-e)
'1.6 1-7)
<4.7 f-7)

1 .711.02 (-4)

1:391.07(-3)
3 201.05 (-4)<2 e, (-I-- )
4.C ,±.05 (-4

18.3 (-4)
6,31+, 181-41.Ol_+,(C2 (-4

NVTE 11.50 ..1 (-5)

7,59 .06(-3)
2 .271,03 (-4)
1.29 *43 (-5)
3*t7#*24(-5)
2.79 I12(-P)
1cC .j29 1-51
1013+038 (-t)
3. e4T. (-F)
2.431.65(-5)
8.077±11.5 (-6)

3 046)
4.1.41.0 -5)

M'CIE Is TI-EE LJATA PJINIT- HAVF E FsX LEiT CFF LLE Tr HALF liFE CURRECTIJN,"
!H &THEF• PPus,.E',.F .s,!llr-'C•.TFi. WiTH !I1 iE;IB I¢ EAT~0I,•$ wiTH • tU•,ERS



TABLE 8.26 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN INLET TO SPENT FUEL POOL FILTER
! * r 1 ~L EL P :. t t-1L T E. ',i~ t. F I

T3•E

T:I tNLCLICEE

1-132
C 5-i .•

C!-137
CA-131CR-SI

Lc-tC

bbI~-9!'

AG•-lior
ATE-132

TEA-14 C*P-14CE-141

12/ '; 12/12113 q 1123Ic5a I12S

?tk i . CC". 'F~I E! " ILLkI. L! TEF

1 •3f.lc, 1C'-4 )
I,* CI C8 (-3 I

5 ,F 3 . 9-2)
3 9 .5 (-1)
'I • I " , 2 . ,
1.77 C ('4-A}

3.3e.12(-4)

1 5•1.-9-(-Si
5, 54 1*.'0(-!!

:4ý .;14-6
- 2./:..4-5)

,C2 . -5)

'462 (-5)
1 ý ,!O. 2

l<2,001,)

2 U. !. j C-

4 7.7 (-f)

21 2&+.C2 (-:4)
3.!33 .06 (-5)
q .. 3 42? (-t)
,.3 o.f1. ((-6
?,(ij .04 (-!)
q.63 .15t-5)

2.00 .05(-5)

C* (-7)

.• . &'. , (-i)
'•1.l- 6)

6,33+1T3(-7)
QTL 1
0, r i E I

I.2e .e (-b)4.18 .204,6)
,Sq7 i.8 (-7)
1 ,•C.05 (-75)

4.CC.02 (-7.)1 .2C±.0O I-s)

2.,41-.Ct-7)

(.'171,27(-6)
4;. 23t.36(-6)

<2 2 (-'VI
'C * l- 7)

Is.81-73<1l09 f-t:
.4 •+. 23 (-6)

<3;0 (-7)
E .e7+. 22(-6)

tr E I3071, ffl f )
3.713+. ,33(-5:)1971. C3 5
2,0 3±. 2t-f

9.94,. E(47
4714±. 1-5

<t.3 (-7 1
44.04-71

*547 o 27 (-b)
8q.8_ •3(-6)

4 .4 (-7)
41.252(-7)

"1 .±12 .- 7)

NC1E 1: 7F1:E t:ikt P,'t"I I•• . oEEb, LEFI OFF CLE iC HALF LiFE C0IRRECTIONS
Li' r.-)IFV Fr•LP'-' t-CC1S(EJ 'H 0I .11FE0113C UPEVATIOti. wIlH c NUP0,6EES



TABLE B.26A

RADIONUCLIDE CONCENTRATIONS IN INLET TO SPENT FUEL POOL FILTER - ALPHA AND BETA ANALYSIS RESULTS

DATE
TIME

NUCLIDE

10/11
1341

11/8
850

11/16
1212

11/29
1000

MICROCURIES/MILLILITER

H-3
C-14
P-32
FE-55
HI-63
SR-89
SR-90
Y-91
PU-238
PU-239,240
AM-241
CM-242
CM- 244

9.8 ± 0.5(-2)
7.3 ± 0.7(-8)
<2(-7)
1.86 ± 0.08(-6)
2.27 ± 0.05(-6)
<2(-8)
1.2 ± 0.2(-7)
<2(-8)
1.53 ± 0.08(-9)
1.14 ± 0.01(-7)
1.18 ± 0.04(-8)
1.4 ± 0.4(-10)
7.6 ± 0.3(-9)

1.07 _+ 0.05(-1)

,*

*k

-*

*V

*k
"*

"*

1.05 _ 0.o5(-1)8 ±_ 1(-8)
,*

*k

*k

*-

1.01 ± 0.05(-1)
4.3 0 0.4(-7)

4.34 ± 0.03(-4)
2.54 ± 0.01 (-4)
2.52 ± 0.04 -5)
3.22 ± 0.03(-6)
4.2 0 O.3(-6)

*k
*k

*A
,*

c0

* ANALYSIS NOT PERFORMED



TABLE B.27

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM SPENT FUEL POOL FILTER
SPEN<T FULEL FtiJ. FIrLTiE ",AUTLE7

E

NLCLIVE

1-134

CS-137
CS-13e
C1-51

1"-57

ZP-95t4E-95

A V- 1II3

S6-124
'1rE-132
•* BA-14C

LID-14C
CE- 14•
N F-23q

9/12
i335

9121
iC54

[C/55
1354

Il/ 3
153C

11/1i
1204

0, 1 CkOCLF JFý /MILLI LITE9

<1 .0 (-8 )
<3.04-f)

<5.4(-b)
4.76.4•.33(-7)

2 .6U41.Z(-7)
8b631.36(-7)

2'1 .6C-51
1.121.05(-t)

<409(-8)
<7.44(-e)

3.3 (-8)

1 .711j.66(-7)
<2.5 ( -)
<3.5 I-6)

'1.41-7)
2 .771.63 (-f)

f6 .3-e
5. 0 911.3L(-7)

A4 *34-6)
v-3.e3f-7)

1 .2316 (-7)
994A 3(-)
'3.3 (--)

c3 .3 (-6)

<7 *2 (-8)

'9.0 (-8 )
'3.31-8i
'4.71-8)

'(7:2(-8)
50121.85 e57)

< 3 .C ( -)
4j . 17 8<4.7(-8)

'6.3 (-87)

<9,14-6)'7•.91-7)
1 301. 1U,-•)

SNI, E 1'7..71-6)
1.311.24(-7)

It1.14 7)3.ecli.2{-8)
3. ((,1I 04t-4)i..CCI,04( 6).

.91 (-i)
'7.3(-8)

<7.9(-8lti. l(-t)
49.8(-')

* 1,± 66(-7)
'8.61E-8)

(< .94-6)

<1.1 4-7)
<1.b6 -4)

N. C IE 1

9.61 .4-6)
<32*1,0 -7)

2.914. 2(-5)

<1.14 (-6)
1. .1 (24-5)
437. (-7)3.83+. 36(-.7)

<96± esi (-85)7 7'. 1(-8 )

(2.4 (-7)

<1.14 -7)
<7.1 2-7)'9.04-8 )"

5.24+2.14-7)
<e.7 4-8)
'4.74-7)
<(6.9 1-6)

'3.2 (-'7)

<7(-E)
N61E I

b .1ZI.t7 (-7)'1.6 (-7)
1 .93+.14(-65)

NtXE 1
<5.41-7)

3.1pl..9 (-7)'1.0(-7)
5.509±2.5 (-8)
6:66.62 (-7)
i.22,. 114-6)

'1 .1 1-7)
<6.3(-8)
C6.2(-8)
<7:9( 8

6.84'1.11- 7)'7.54-8
<2.5t-7)
48.9(-8)
<9.0(-8)
'2.7(-7)

NOTE It 1IE-']E DfI'A FQIKTý HAVF BEEN LtE" OFF tUF iC HALF LIFE CiP•.EcTION,)
iJ ýJTEF fPEILF$5 ASSUOLIAIED .I1H Aý17P0ýF•IIC 0PEfAT1l,". WITH < NUMBERS



TABLE B.27 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM SPENT FUEL POOL FILTER

IVLCLiC F

1-131
1-132
I--133i
cs$-13
CS-137
CS-137
CF-51

FE-5S

cr-5e
C-cfc

PC-sq

SO-124

tE-129
TE-132

LA-140
CE-IAI
N P-2 B9

.i 112 ,
9 3 f

12/ 6
12 C) ~

12113
1155

112.31055. 2/27
1127

I C"Clko".. E J I LL1 L I] T F.

..32C7(-5)

1-3o ( (-41
3*4C4 14(-4)
6.2714.1E 'i

1.](14 LU-fl

1.79 .C3(-4)

4 • L 7. ,0*3 6(-5 i

1:791.32 (-5)

1 ±3(-5)£ .741_ i. (-•. i

2. s€8 C,?(-4)
I .1s t-4)

1.471.044f-4

3 .0±.C~t (-4)

T.. h , 0? (-•

1 0 P534 * a 1

l.C 11(- )2 1. 1 ~-5 i

'2 ,9t-t )

1 :4 + -

3;f2 (-6)

i-, . ,01(-3)
3,4€ C+,3(-4)

,C9±.22 (-5)
. ,, . ( 9 -3)

(,3 .i(-F )

9. ,•2+,35t(-6)
'8I,31-6)

<39 , (-7)

t'!rit E 1
7,22..0M'(-t"

59.1I .24(-51
4.02 . C7(-5)

i.13 10

,7 7 7'- . ---
1,641 C615)

<3 9 (-7 )
5.06±.o1f-6)
t .561. 31 (-6 )
9.12±. f (-6)

<4.? (-7)
<2.11-6)
'45.5 (-7T
<3.7 (-7)
'1.6 (-6)

'3.0{-7)
<2.9(-7)

!2.45,61-7)

9 ,1•.20(-6)
NUVE 1

1,04 .10(-5)
1.60 02(-5

6.18 983(:7
1 .4b±.02(-41
2 .511.05(-5)
I L61.20 (-6)
4.331 30(-f)

<19;(-7)
'2.8(-7)

5,01 ±134 (:6

9.e9i.45 (-6)
'1.71-7)

<5 5.4-1
<10.94-7 1

I

E" ;,.&1 P4`L L Fl. H .r-_ 0 Il .E-'I CFF CLE TC HkLF LIFE CLR,!4ELT1iNS
wI F ATF:- 1

4( riPFFMTUNý, W11H < MNrVEI'S



TABLE B.28

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM SPENT FUEL POOL DEMINERALIZER
SPFFNT FLEL P-2UL VEt.iL ?FPLIZER CUILE7

VE
,10LI E

t4LCLICE

I i--13 1
,:1l 2x-134

C -1,37CS-13e

fE-51F E-519
CC-57C!I-58
CC-6C
ZP-95
v B-95I(C-99;

EU-1C3AG-:IICP
5O-124t

CA BA-1 4c
LA-14C
CE-141
NF-22S

9/12
1?52

9121
vicl

10/ 11135,b 111 E
152 t

11/16
1158

PrtfIjCLklE-'/MlLLiiI|TEF'

< 1: .8 ( -e)
(1.0c (-6)

NATE 12,351292(-7)
47.•4(-8)

.N •1E 1
<3.9 (-7)I .9•*.(. 5(t-)

1 :6 7±. it (-7)1

<9•.94 (-b)
S .5'±•.4-8)

C.• *.4(-8)

2.60,.9;It-7)<('i.4 (-8)

.6± 1-7)

-3 t-8)
'.I,3 (-8I

2 -4ý.;.j V .(-8)
<2 o. (-6)
42.*9 (•5

2.t?*.18(-7)
c6".74-8)

5.964.15 f-7)
tirl E I

'1.84_•0 -7)

'1 .6 (-8)
3 O.0*.10 (-7)
7.00'7.22(-7)

'3.5: (-8)1'3o74-8)
'lq(-b)
42.C(-8)

2.C6!.23 (-7)

42_;.l(-e )

<7.7(-8)

3.30(-8)
(4.l(-E7

'•1.34-7)'2 .5(-• )
N]TFE

4494•46 (-7)
1.88..25 (-6)

4.76±.41(-7)
'1.2 (-7)

•6. 5(-b)
A.7±.612(-6)'9,4 (-F)

'•1.1 (-71

45 517-8)

7681 -7)'8.5 f-b)
4.•7+.6S (-7)

'7,.1 (-a }
'1.1(-7)
'6.5 (-)

<5 .3 (-s)
'5.0 (-7)
4j.7(-5)7.921.44;k(-7)
IC8.6(-O)

1.61±. 0(1-6
(3.94 (-6)
<4.6--7)

3.71.,f(-6)
<1.4 (-7)

2#211#24(-7)
4.7,14.6 (-6)
1,721,C21(-5)

'1-2 (-7)
'9.4 (:-8

<5.4 (-8)
4. 321.2(-7)

< .0 (-b)4.49, ,e (-7)
'3.o7 (-8 )
'1.9 (-7)
'5.1 (-8)
'6.6 (-8'{1.8 (-7)

<3.9(-8)
NOTE 1
NfTE I

9.441.38 (-7)<6??t-E)
1.E9+.07(-6)

NiT E 1
3 .5 (-7)

1 44.1.-04 (-6)
1"•.1-7)

1.111.19 (-7)
2 .05 oC5 (-6)
7.45;. 13 (-6)

'9.7 (- )
-C6.51-8)
<3.7(-81€.(-8)

5.711.86t-7)
'4 .5 (-8 )

6.60±.66 (-7)
43.6(-8)
'1..8(-7)
'6.5(-8)
4.o7 (:8)

<2 :0 (7)

NO•TE Is (HEWE Ltlk P.JTN•I HVE E•F.CN LE'i OfF LULE TL HALF LIFE CURRECTIONS
EN tulhEJ PLIfLF?" AzKtCIA7AE .II'H ARITFEMIIhC OUEFAT.C,; wITH E



TABLE B.28, (cont'd)

RADIONUCLIDE CONCENTRATIONS IN OUTLET FROM SPENT FUEL POOL DEMINERALIZER

, p- I ET~ IVE

ISLCL1CE

1-134

CS-134
(5-13f
CS-137

cp-5c

cc r-125

CC-6C.

2f- 9 5

ZP-95

AL-IC3
G-1 C

w S f- 12 5
G TE-1 32

L D-14Cd
CE-1.4d
WF -2?r

1112S9', ~ ) 2 1 U 12113
1 159' 1 05it

2/27
1125

P.LF:L. I " IN LL I ITEF'

i.954.ŽU•. -6)I

1 .701.49 (- 5)
'4.6; 2(-f7)

A: (-7,

1,o'24.C3(-4)
3. .L*, .03 (-5ý )

F..3+.(t 7t-h)
31.4.12(-f-)

C3.21(-7)
2 VC±.,42 (-6)

2 ccl.ti(-6)

'1.9i3-7)

(.1,2(-6)

7., S 5F (-tf )
C,,a 3 (-,1

. 09±.12 (-4)

,c3 * q!
'I f, ., (-4)
?, Q .4 (-5)

F 4 1(-6)

?7 r.-4 2(-P )

,2 7 1] -t

i .c . .C (-5)

(1.9 ( -7)

(3 * C(-6)

'4 .0(-6.}

€1.7(' .(-6)l
'2 .7(-6)

31.1. 101 (I 4
<7:6(_l "-6)

19.2(-7)

6 * ' 4 ;:'t32(-7)

" <9 4* 4(- f•

.•+32 (-7)

PC IE 1
NCTF 1

'2.1 (-7)
3.164. i16(-6)

2 1LNL f'3+ 18(5

4I:
T1.4± 3E(-6)

'2.7(1-7)
'2 .76 (7-7)

6,20±. .30-6}
3.3 4(-71
1,;1 (-66

'3.3 (-7)<2.5 (-7)
1 o.7 (-6)

(C 091.7

6 .C9±+.7 -
5.Z3±. 17 6

'(.7(-71
8 .28+.20(-6)

NITE 1
6 . 41. 8 5 (-6)
3,69±i3(67,C0+.±1 .5 (-71

4,.P *60(-7)8*.ý+.1l(-5)
1261.03 (-5)

,:f.6+3.8 (-7)
1.54±. 10(-6.)

1.71(-7)

7 35±2.2 (-7)
60,761+ 37 (-6

'1.9 (-7)
<6.0(-7)
'5.2 (-8)
<C4.3K-7

tVC1E It TI-E.E CUIA Pj•ifTS HAYE iEFEN tEFl uFi •ILE T- HALF LiFE CORRE(TIONSt: -4 pp(IfKI': ýISOl:TFb hiH Af.1--TEIC GPOAT1Ut4 WITH < NUMBERS



TABLE B.29

RADIONUCLIDE CONCENTRATIONS IN SPENT FUEL POOL DIP SAMPLES
-ENT FUEL ',JCL uf•l; '•AFPLE

TIPE 1:31B
2..L/ 8 I1129

ICO0
121 f
121-1

12112
i139

P, (CCLr I E0 IlL. i LITER

-132

CS-134
CS-13f
CS-137

Will"
.FE-5S

CC-6.0
ZR-95

AG-11Cpse-i2A
IT Fe- 1TrE-132

LA-i4C
CE-141
NP-2?9

<1i3(-7)
(] .3 (-7E)

rIF I

(c;.3,. (-.Pj

<S*.0(-P)
I.I'l j-2 S

41.21-7)

1 :361. (A (-6

I• .364U|-6)

I .08 (--)
Aq9.6 (-b)

<f- 5 (-E)

3ll (-7b

(2 . t (-8)
<2.1(-7)

3f.-7 6 (-6)
<2,7(-7)
'3 A141 -t

,,7,. (-6)

'2.3162(-7
<1.9(- )
<991(-8)
<12. (-V}
<634 (-8)

1,t3l.031-4)
419(-! )

A.971 ,•42(-q.,
2 1 r. -5.: . )

5.'3 .21(-4)
*t-9.6.29 (-5)

9.37!1.2 t-t)3,124,i9(-5)7 2,1 1 1.03 i3 )

36'.•3"± 2 0 (-5)
''5 -f.

1l 58± .30t-,)(7.7 (-6)
1 .C+,A07(- )

95-•2(-6)
3.1461 .1;8 -5)

90
4.

2o

1.
4.

41.

9.3.
2.
6,
5.
1.

A.

2958+.03 (-5)
*I*45 (-69 .16!.i4(-5I

1. 10_±,02(-4)4.91 1 6 (-6 12 5 )
1 .28. 01i (-4)

2.38±O, (-4)
3,53+.064 (-3)

18 31.47(-6)

<!g 25 ('-7)

7C2•O16 (-6)
29.7 15(-6)
2 .01.,2 1-5)
8.47. l7-L)

1S
8

VEIE )s 1E•E 7E 1•, TA HA vE tr L[rF r CUE. TC HALF LJFE CLtFRECT1jt4SN018 : F CTIEEEI pFL•tEt { LtLtYF• h:H AEIY(HEM C 0PEýA10NJ.S WITH < AUPtEERS



TABLE B.29A

RADIONUCLIDE CONCENTRATIONS IN SPENT FUEL POOL DIP SAMPLES - BETA ANALYSIS RESULTS

DATE 12/12

TIME 1139

NUCLIDE MICROCURIES/MILLILITER

H-3 1.07 ± 0.05(-1)
C-14 1.1 ± 0.1(-6)
FE-55 1.71 ± 0.02(-4)
NI-63 2.07 ± 0.01(-4)
SR-89 1.13 ± 0.01(-5)
SR-90 1.37 ± 0.02(-6)
Y-91 5.7 0 0.4(-6)

'.



TABLE B.30

RADIONUCLIDE CONCENTRATIONS IN SPENT FUEL POOL CAVITY SAMPLES
L: F 1. P~ fi kL C. AV 111Y ,tM P L f

Pl E

N LI 1.! 1 t
-131

I--312

CS-I•2:CS-137
CS-138

F E- 99
CC- 7
cc.- 5e
CC-6C

N e-95
R•U-1CE
A G- 11 U

m S8-12•
j TE-132

eL-140

CE-141
hF-2 3 ;

1 , ] I /?~ 12/

flT , rtE5ý /LL 11. 1E

2.,6. C1 (-3)'I,!T E I

1.321.03 -1)
I ,.35i.C4 (-4)

1 .131.(' (-4)
I .t);*4.A • - )

1.137.C.5 (-4)
7.5 4 •3(-J)

1.40-;.U3(-5)

<7.o!-6)

* • C L" . 5 -r )

.214 *C2(-3)
1. FC64 20 C1-45)2.,€?, .01 (-3)?1,46.C2 (-3)

2.3F7 .C1,-2,

1.6 .C? 1(-A )
7 301290(-2)5.o 80. 30 (-5,)

I .21± ,C/ (-A)

1. ?0, .CTi-4)

] 11+ i 1-

7.Co.12 o(-6)

3C 4 +, 10 (-4)
3.47T 16 4-)

5. ifA,; •t- )9.327,2 C 4-

I t3.C( 02
7.lq * -2(-A)

(• . -5;. 5 - )

NOTE( I•TEi

NETE 1: "I-E'F 041A h hk, EP L V E 1UE TC "Lr L- I f.U Ef7 " 3 ,VTý0 [:F F fkUAP! .SS (•:T W• 41 -,T~i) i •P F T t¢ w.,h • N~•i



TABLE B.30A

RADIONUCLIDE CONCENTRATIONS IN SPENT FUEL POOL CAVITY SAMPLES - BETA ANALYSIS RESULTS

11/22 11/29

1530 950

MICROCURIES/MILLILITER

DATE
TIME

NUCLIDE

H-3
C-1 4
FE- 55
NI-63
SR-89
SR-90
Y-91

9.5 ± 0.5(-2)
1.8 ± 0.2.(-6)
1.222 ± 0.004(-3)4
1.700 + 0.002(-3)
7.81 ± 0.06(-5)
5.79 ± 0.05(-6)
6.4 ± 0.4(-6)

9.9 ± 0o5(-2)
1.0 ± 0.1 -6
8.70 ± 0.04(-4)
8.6 ± 0.4(-2)
8.48 ± 0.07(-5)
1.01 ± 0.01 (-5)
2.1 ± o.1(-5)

to
0,



TABLE B.31

NOBLE GAS CONCENTRATIONS IN WASTE GAS DECAY TANKS
DATE
TIME

lf.J25
.5 18

115 3 11/20
1455

2112
1350

2/15
1020

NUCLIDE

AR-41 <*(b
KR-85M '3*2(-7)
KR-85 20131 C7(-3)
KR-S8e <3oC(-7)

XE-133M <7(7
XE-133 3,0tl(4
XE-135 2 2Ci*60(-7)

MICROCURIES/CUBIC CENTIMETER

4*6C±.50(-4)

<7-3(-6)

2.9 C1.20 (-6 )

<5.8 (-8)<3,60-6 )
6o204 I1A-4)

<1,6(-6)
<3 .2 (-7)

5. 201 .10 (-6)< 96 (-9)

<6.C(-7)
<6,4(-8)

2,03102 (-3)
1:2.0* (-6)14,jo C1(-4)

5.30±@20(-6)
7. U± o 20 (-4)
2.77T.C'S(-61

<1 .9(-6)
4*90+±90(-6)
1.32±,V6(-2)<7-94(-6) -
3.5 5.05 (-3)
3:8C.1,61(-5)
506G'-,o0(-5)

1



TABLE B.32

RADIONUCLIDE CONCENTRATIONS IN WASTE GAS DECAY TANKS

DATE
lIME

NUCLIDE

1-131
1-133
1-135
CS-134
CS-i36
C;S-137
H-3
C-14
NA-24
CR-5i
tF N- 54
FE-59
CC-57
CO-58
ic-60N-65
SR-91
ZR-95
NB-95
MO-99
RU-103

,= RU-106D
-J AG-110P
o SB-124

SB-125
IE-I29M
TE-131M
IE132
BA-140
LA-140
CE-141
CE-143
CE-144
EU-152
EU-154

W-187
NP-239

NOTE It

1C/25
1518

ill 3
1150

11/20
1455

2/12
135 C

2/15
1020

MICROCURIESICUBIC CENTIMETER

2.6rj± 4c( Z))

'1. 10±.2-12)<7.64-11)

74 4-13)
3.8C9.30(-a2)

6.5o0±,3C(-4)
'<162-12)
<509(-12)

<'2< -12)

<1*+4~(-12)

<41 (-12)
<21*(-12)

<IC (-12)
'9.0(-13)
<5.24-13)
'Set 4-13)
'8., (-13)
'1.6 (-ii.)
<1.94-12)
<1. 74-11)
<6.t(-i2)

'2,I(-12)
'7.•1-13)

'1.4 (-13)
'1.44-12)
(1.4 (-12)
'1.74-12)
'1.5 (-12)

<3.5(-11)'6.1(-9)
6.OCIS .4(-12)

<'3 sL(-12 )
1. 4(.±.20(-11)I.6ý-,± 6C (-6)

5 C.5.30(-4)
<1.2(-12)

41.04-12)
<7.2 -12)
<1.5-_12)
<,24(-12)

S12C 40 (-11)

<506(-12)

<2.8(-12)

<2.5(-12)'3.14-11)
'3.64-12)
<t.S (-12)
<6.84-12)
'e.4(-11)
'2.34-11 )
<1.9(-12)

<3.74-12)<2.7(-12)
'1.2(-10)!
<1,2(-1l)
<6,2(-12)
<9,34-12)
'6.74-12)
'1.34-11)
<'6.44-12)

2.0b+0,7(-8)
NrTE 1
NCIE 1

<5.8(-12)<1.3(-li)
<8 .3(-12)

7*004,30(-4)
NrTE 1

<6.8(-11)<200( -11I
<7.9(-lli
<3.5(-12)
<'63(-12)

1.,501.70-11)
<1e6(-11)
NOTE 1
43.5(-il)
<3,9(-12)

NOTE 1
'1.c2(-12)
<3o8(-12)<4*9(-1zi
<7*C(-121

<3.2(-ili)
NOTE 1
NOTE 1
NCTE 1

<3,2(-11)
<2.06(-10)
<7.8(-12)

NCTE I
<209(-il)
<3.1(-1i)
<108(-)1)

NITE I
NOTE 1
NOTE 1

. (±_.30. (-10)
<i e(-11)
<1.8 (-10)le 1•+ . 70 (-11)
<7 S (-12)

1.90±.90 (-11)
4.e6C-.70(-6)
3.90±. 20(-4)'3.0 (-11 )

'1,1 (-10)
6, 1.3+5 ,2 (-:12
1.3011.1(-11l

'694(-12)
3. 70+1.6 (-11)
1 , 30C,20(-10

<3,4(-11)
<7.*C-11)
',1 6(-11)
<9.84-12)'b.1 (-12)
'6.84-12)
'I1(-10)
<1.3(-11)<296(-11)
<3.C(-11)

2.80±,00 (-IC)
<3.6(-11)
<'68 (-12)<c3o2(-11)

< e4(-10)
<1.2(-11)
<1.6(-11)
'5.0(-11)
<2.4(-11)
<3.0(-11)
'3,2(-11)
<792 (-10)
'2.2 (-11)

4,00+,20(-10)NtTE 1
NOTE 1

<1.6(-12)'8.44-13)

5.50+1.1(-6)9.30.,504-4)
NETE 1

6.3013.6(-12)<8 6 1 31
<1,31-12I

6.4012.3(-13)2. 4 90 -1 ?)
5.2021964(-12)

<3.1(-12)
NOTE 1

'6*4(-13)
<7.3(-13)
<,43(-11)
<1.1(-12)

8.20±2.7(-12)
<292(-12)
<5.9(-13)
'1.7(-12)

NOTE 1
NOTE 1
NOTE 1

<1,6(-12)
NOTE 1

<9.2(-13)
NOTF 1'3.74-12)42.5(-12)

'3.14-12)
<1,2(-12)

NOTE 1
N0TE 1

THESE DATA FCINTS I-AVE BEEN LEFT OFF DUE T[ HALF LIFE CORRECTICNS
OR OTHER FRCELEMS ASSOCIATED WITH ARITHEMITIC OPERATIONS WITH < NUMBERS



TABLE B.33

ACTIVITY RELEASE RATES FROM MAIN STACK

DATE
TIME

NUCLIDE

1-131
CS-134
CS-136
CS-137
CR-51
MN-54
FE-59
CO-57
CO-58
CC-6 C
ZN-65
ZR-95
NB-95
RU-103
RU-106
AG-1 10P
S B-1Z4
S8-125
BA-140
LA -140
CE-141
EU-152
EU-154

9/1118 , 5 155C
9/27
1250

10112
900

10126
170C

Ir.CROCURIES/SECCND

3°10±117(-6)

<ZO.(-6)

<3.1(-6)

'3.,e(-N
<8 o 1 (-6
c79.(-6)

<7o 3(-t)

3. 1i 4 (-')

<3,e1 (-6
473.1 (-6)

<1.7(-t5'4.61-6)
<7.1 (-6)
<7,31-6)
'1o '(-5)

'3.1(-6)
'7. 1-6)
<T°T(-6

3.7C1.0 (-6)
<7.7(-7)< 5X (-7)

b.0±2.9(-7)
'2,1(-6)

<2.3(-6)
<317(-8)

'1°8(-6)
<1o2(-6)<494(-7)
<2.7(-7)< 1,¢(-(:)
<2.9(-7)
'3.3(-7)
<196(-6)'.1. 3(-6)

<'7.91-1)
<7.9(-7)
<S,8(-7)

29,40÷,± 9 (-6)
<5,8(-7)

3,10+1.9(-7)
ý.80±2.3(-7)

<*..9 (-6)
<3.1(-7)
<9,8(-7)
<1.4(-7)

6.60.13.1(-7)
C'5.6-7)
<5 .2(-7)
<b.6(-7)
<7.1(-7)
<6.6(-7)
<7:3(-7)
<5•2(-7)<.,8(-7)
<1i6(-6)

<' '-(-7)
<7,1(-7)
<2.7(-7)

4. 80± 1.7 (-6 )
<2.5 (-7)
'3.7((-7)
<1.3 (-7)

1* 11(-6)
45.C(-7)
'1.8(-6)
'181(-7)
<2,7(-7)
'2.1(-7)
46.2(-7)

<3.9(-7)
41:5(-7)

<3.7(-7)
<5.*4(-7)
<1,1(-6)
<8.5(-7)
<1 4(-5-)
<2.3(-7)
<7.3(-7)
<209(-6)

8. 70.5.6 (-7)
'1.81-7)

'1,7(-6)
<2o1(-7)
'1.2(-6)
<5.2(-8)
'2.1(-7)

<2 71-7)<3°1(-7)

<3.71-)<.27(-7)
<387(-7)
<981(-7
'2.5(-7145*2(-7)
<8,9(-7)
<g,*8(-7)
<2,7(-7)
<1,7(-6)
<1.3(-6)

-I
0..

-a



TABLE B.33 (cont'd)

ACTIVITY RELEASE RATES FROM MAIN STACK
DATE
TIME

NUCLIDE

1-131
CS-134
CS-136
C S-137
CR-51
t-,N-54
FE-59CQ-5-7
Cc-58
CO-be
ZN-65
ZR-95
148-95
RU-103
RU-IC 6
AG- 110 P
S8-124
5S-125
BA-140
LA-140
CE-14.1

w EU-152
E.. EU-154

0

ill 9
918

11 / 2ý.*
16 45

12/ 7
1225

12/21
130C

1/ 4
1 04.8

M1ICROCLR ESISECOND

7.701 .6C (-5)
<1. 2 (-6)
<1o27(-6)

'1.2( -6 )
<3*q;-7)
<2.3(-6)
Ž!.LC_' 7(-t)

'2.0 (-6)

'1.1 (-6)

<i.3(-6)
'1,3(-6 )
<1*3(-6)
'<.,'(-7)
'2.7 (-6)
'1,.3(-6)

1 7C±.33(-5)
9. u~l.9 (-7)

2<295 (-7)
I.Z8e•9C4 (-6)

<6.3(-7)

<297(-7)<101(-6)
<5.0(-8)
<2.7(-7)
5< 4*3.1 (-7)
<5.6(-'7)

'6 .6(-8)

<8.5(-i)
<1.2(-6)
<8.7(-6)

<2.7(-7)
<".E (-7)

3:.5,+; .5C, (-5}
'.301.1C (-5)

<&'*7 (-6)
1. 33.A. 4(-4}

<2.2(-5)
7'0013. (-7)

< 1(-7)<8:1(-7)
I ZO+, 50(-6)
5. 60±.70(-6)

<1.2(-6)<7*1 (-7)
<6.5 (-7)
<2*8(-6)
<103(-5)9.1013,o9(-7)
<'i..5 (-5)
<6.9(-6)
<8.5(-6)
<4.3(-6)
<' 4(-6)
<7.C(-6)<2,4(-6)

3,C-_+ .50 (-5)1, 13+, C? (-5)
<.8; (-7)

3.bCT, .9ZO£ (-6 )
<7,1(-7)
<9,• (-6)
<6.3(-7)

4.701.60(-6)
<'26(-8)

6.20±4 .O(-7)
<3.1 (-7)
<6,4(-7)
<3*2 (-6)
<3.9(-7)'3.8 (-6)
<2.7(-6)

'1.3(-6)
<1:4(-7)
<1.4 (-6)
<3.*4(-7)

1,03+oC7(-4)
. 2C .50 (-6)

a50.3 (-7)

1.CC.1,60(-6 )
<151(-5)
< 5093 o9(-7)
'1".1(-6)
45,C(-7)
<1 5 (-6)
<.1:2.60(-6)
45,9(-6)<6,9(-7}
<6,1(-7)
<7.3(-7)
<2,5(-6)
<131(-6)
<2,1(-6}'2,8(-6)
'3,2(-6)

<8.8t-71
<2,9(-6)
<6,5(-7)



TABLE B.33 (cont'd)

ACTIVITY RELEASE RATES FROM MAIN STACK

CATE
TIMi

NUCLIDE

1-131
CS-134
CS-136

FE-59
CO-57
0-58
C -60

ZN-65
ZR-95
NB-95
RU-103
RU-1C6
A G-i W P
S8-12'4
SB-125
BA-140
LA-140
CE-141
EU-152
EU-154

1tl18 2/ 1.
1100

2/15
1349

FICROCURIES/SECC'ND

3/ 1
938

-4'9tqCi *5 ( -6 )
<6o4 (-7)
<5;(. ((-7)

6oa 8 -2 *7 (-7)
<3.5(-6)
<5,71-7)

'•.1(-7)
<101(-7)

<5.1(-7)

<1'2[(-7)

<7,1 (-7)
<3:,7 (-7)
'5.7 (-7)
<7lf(-7)'3.,7(-7)
'57.4(-7)
'3., (-7)

3 2i.± 2.1(-7)
<4.11-7)
<4.3(-7)
<5. 7(-7)

<3.75(-7)<1,2(-6)
<1.1(-7)

<'.9 (-7)

<6.5 (-7.)

<5.7(-7)'2.6{-1)<5'9(-7)

<•9(-7)

<7.22(-6
<5.1(-7)
<8 .1 (-7)4. I 2. (-? )
<5 8 (-6)
<7.1(-7)
<104(-6)

lo40!.950(-7)

<715(-7)

<3*7(-7)
<5,8 (-7)
<*.8(-7)
<2.3(-6)
<192(-6)
<5.(-7)<i ,3t-6)
<5*8(-7)
<2.6(-6)
'•4.5(-7)
<1.0(-6)
<<43(-6)

<Z,8 (-6)
2. .3 (-6)
6.6 (-7)2. • ) ý + •. 60 ( -6 '

'•47 (-6)
1.0 (-6)
8 4 (-6)

<2,5(-7)
<3.6 (-7)
<'15 (-6)
<106(-6)
<6.2(-7)
<8.9 (-7)
<4 .9 (-7)
<8.3 (-6)
<9.1 (-7)
<1,C(-6)
41.5 (-6)
<3,0 (-6)
<'28 (-6)
<'1C (-6)
C3.O(-6)
<3.6(-6)

,=,
_..



TABLE B.34

DATE
lImt

NUCLIDE

1-131
CS-134
CS-136
CS-137
CR-51

- L(C-:7-

CL-tGZN-65
ZR-95
NB-95
RL- I03
RU-106
AG-113 ) P
58-124
S8-125
BA-140
LA-140

m CE-141
' EU-152
o EL-154

40b

ACTIVITY RELEASE RATES AT SAMPLING STATION #1
W/13 WI27 10112
1635 2112 92,0

10/26
1215

1il 9
907

MICROCURIESISECCNO

<. C2." ( -)

48.2(-8)
(3.3(-e)

6.2712.7(-7)
<1.7(-7)'(,0st-7)

<59t (-t)

<1,(-7)
'1.C (-'7)
<1,3(-7)

1.92(-71

'1.4(-71)-412 o4(-7)

'1.51-7)
.o 72,± 82 (-7 )

'3'.1( 7)

*L 7E+fB(•
'1.64-8)

1.c2+. 3.5 (-71
'<3;? (-7)

4.3312.4(-8)
<•.,7(-7)

<Z.7(-7)
2.8 t±1,5 (-8)

.•1.3(-7)
91.9(-7)<I.'Z(-7)

2 11±+.94 (-8)
7"*,43.5 (-8)

<';21-7) '

6: 66+,±.20(-5 )
2.6211.6(-8)

<5".1(-8)
4.31!2.44-8)

1.5 (-7)
<2,4(-8)
'2 .9(-7)i7 (-6)

94.7Y+,7c (-7)

'1.14-7)

<5.1(-8)
'b,7(-8)
<9*8(-7)
<9.8(-8)
<7.4(-6)
41 .b(-7)'8 ,61 -8 )
'3,94-7)
<CZ,2(-B)
<1.5 (-7)
<1o1(-7)

2.39±.12 (-5)
47.14-8)
'3.3 (-8)

7.8313.11-8)
'3.5(-7)'<646-8)
< i., 3-7

.1'. 4 (-b)

'2.9(-8)
<3.9(-8)
'c4.7 f-8)
<3o9(-8)
<1.1(-6)
<5.1(-8)
<3.9 (-8)
'9. 8-8)
<1.9(-7)
<2.6 (-7)
<b.3 (-8)
'1.3(-7)
<7,1 (-8)

1. 92±.04 (-4)
1. 02,1,39 (-7)

<1.94(-7)
3.921.78 (-7)'1.;2(-6)
1.88±.55(-7)

2. 1! 5, 1(-7)
<204(-71
<7.4(-8)
<7,*(-8)
<3.*3(-8)
45,9(-81

<20C(-7)<' ,0 -7),2,(:-7)
<1,6(-6)
'1.54-7)
'2.94-7)
'5.11-8)



TABLE B.34 (cont'd)

ACTIVITY RELEASE RATES AT SAMPLING STATION #1

DATE 11/20
lIME 1016

121 7
1350

12121
1440

t1CR0CLRIaS/SECCND

1/ 4
12 5.5

1 /1i
1150

NUCLIDE

1-132
CS-134

FE •
C0-57
CC-58
C0-60ZlN-65
ZR-95
NB-95
RU- I (13
RU- 106
AG-1lOM
5B-124
SB-125
BA-140
LA-14O
CE-1411

- EU-152
o EU-1.5

6 .-7.(-E)

, * S 4 (-1)
< ,7*(-7)

<240(-E)

<2,4 (-E)'2. •(-8)
'9.84-7)
<3.1(-8)
'7.43(-8)
'6204(-8))

'2.4 (-U)
(9.,. (-6)

5. 87+,78 (-b)
<a.24±.(-7)

H * 2 L. 4 . (-7)
4.4 3t+.o (-7 )
<3.•3(-7)

4.3 1.6(-9)
9. 1f+31(-6 )
7 .l 5±.78 (-7)
8.61±3, 1(-8)
1,7t.±.63 (-7)

16.3(-7)

<'.31-7)

<5. 1-?)<9.6 (-•i)
'I.9(-7)
<1.5(-7)

• 5 (-7)
<, 4(- )

4.#621.#16 f-5)
<4.3(-8)(3 .5(-•-)
< , . (-7)
<4 .7(-7)
<3 .o. (-6)
<5. (-8)
<3.5(-9)5.87÷,178(-7)
<7.1 (-8)
<4 .7(-8)
<5.1 (-6)
<2.5 (-8)
<8*6 (-9)
<3.5(-7)
<5.1(-8)
<1,3(-8)
<1 8(-7)
<3,6(- )
< 2.74-7)
<4 3 (-8)
<2.4(-8)
<1 .6(-8)

2.*4 4.t*C 3 (-4)
<1.8 (-7)
< 2 (-7)

< oF (-7)

<.8 (-7)'2.9 (-7)
'1.4(-7)

5.8.7±12(-7)
1.68+.74(-7)

<296 (-7)
<2.6(-7)
<2.1(-7)<c2*C(-7)
<9.8(-7)
'2.8(-7)

1.68 .55 (-7)
<5.1 (-7)<$:o9(-7)
'2.9(-6)
<3.1(-7)
<6.7(-7)
<4.7(-7)

2.31,1.044 -4)<5,'-8'

<4,i(-8)
<6.,3 (-7)

5.48_+.78 (-7)
7,4412.7(-8)

<193(-7)
'<4.3(-8)
<1.8(-8)

<6.7(-7)
<7 4(-8)
<509(-8)

•4.7(-8)
<1.2(-7)
<2#9(-7)

9.4012.7(-8)
<2 4 (-7)
<7.1(-8)



TABLE B.34 (cont'd)

ACTIVITY RELEASE RATES AT SAMPLING STATION #1

LATE
TIME

HLCLIDE

1-i131
CS-134¢$-136
CS-137
CR-51

FE-59
CC-57
C 0-58

ZN-65
ZR-95
SB-95
P ti: 14o 3

AG-21Ct
SB-124
SB-i125
BA-140
LA-1'.0

m CE-I14
I EU-152

EU-154

2/ 1 2115
13 2(-

3/ 1
1 310

MICROCURIES/SECEND

2o 39 1 (-5 )
l4o7(-e)
4g09(-8)

le 5 7±.4 3(-7)
<13(-7)soc (-e)
<9.C(-8)
'3 .C(-8 J
<7.:1(-7)
'2. 3(-7)
'1.6¢ (-7)

43.6(-7)
5.87±1.6 (-9)

4a.2(-7)
<2*o(-7)

6.43 .13 6(-8)

1 016 2±3 * (-8)<1.0(-7)
<1.7 (-8)

2.1 (-7)•(5.q(-7)

<10g(-6)

'6.5(-E)
<7 .87(-8)

<5 . 9(-8)

3.841.01(-5)
"1 94 (-7)
<'43(-B)
<2,7(-7)
<4.7(-7)
<8o2(-8)
<3.8(-7)

42w (-7)

1, {'(-7)
<9*4(-b)
<7.(-E)
<6*3(-b)
<.7Z(-6)
<'.Z(-7)<6,7(-8)
<3,0(-7)
<3o4(-7)<Zo6(-7)

1.•41.47(-7)
<3*8(-7)
<2.4(-7)



TABLE B.35

ACTIVITY RELEASE RATES AT SAMPLING STATION #2

DATE
11ME

NUCLIDE

1-131
CS-134
C5-136
CS-137
CR-.Oi
MiN-54FE-59
CC-57
CC-513CC-6g
Zh-65
ZR-95
N 8-95
RU-103
RU-1G6
AG- 11A P'
50-124
SB-125
BA-1AO
LA- IO
CE-141
E £L-152

oý EU-154
14

9/13
16.-5

'/27
11M2

10112
920

10126
12 1 t

111 9
9C7

PI CROCURI ES/SECCND

'1,2<1.9'

'2.41

<3, 0

2+0.

'9.5'
1 f -. 2±

44*11

<14,4

< .i<7.C5'2.14

<7.54
'3.o1t

(-6)
(-7)
-7)
-7)
'-7)
-7)
-7)
-6)-

'-7)

-7)
-8)
-7

(-7)
-7)
(-7)
-6)

(-7)
-8)
-7/)

7)

7. 47±3.1 (-71< 1 e2 (-7)

1.52±,67(-7)
C.- E.18 (-6

<3.4(-7)b.1E+1.8 (-8)
1.93±-23 (-6)
2o0S±.23 (-6)

'C4*6(-7)
<o,9(-6)<2.2(-7)

'C4*4(-7)
<1,1(-7)
<2,C(-7)
<g*7(-7)
,c .7(-7)<I.1(-7)

1 75±+o46 (-7)"<1.E(-7)

4 69±3.1(-7)
5.1512 .1(-8)

41.•7(-7)-.2.09±.77(-7)

<9.C(-7)
1,75+.18(- )

*'32 (-8)9 01.+1 (8-61.7019•'(-61
3o 97_+ 18•(-6)

<3 61-7)

<2.8 1-7)
<2#C(-7)
<'. .(-7)
<1*7(-6)95#7(-b)
'lo9(-7)
<'.,(-7)
<6#2(-7)
<1,1(-6)

1. 1,±.28(-7
<2o8(-7)
<1.3(-7)

<l.z(-6)
<.2C (-8)
<1 4(-7)
<2.5 (-7)
< eC (-7)

4.64±•+.3(-7)
<2.4 (-7)

4*64±11.(8

<1.5 (-6)
<2*2(-7)
<1.5 (-7)
<1.9(-7)
<1.1(-7)
<7.5(-7)
<1.5(-7)
<2.2(-7)'2.8• (-7)<2o6(-7)

<4.6(-7)

'7,5(-8)'5.4 (-7)

4. 45.1.O(-4)
<7, 5 (-7)<6,2(-71

4*6412.1(-7)
7.98+1.8 (-6)
3.09±.26 (-6

<9-.8(-7)
1*80+.75(-7)
3*1ZT.1O(-5)
7a2l3j52(-6)

'4-.4(-7)
<4*6(-71

4.64±1.8(-7)
<2.4(-7)
<Z.5(-5)
<6,7(-7)

1.03÷o23(-6)
<195(-6)
<3,6(-6)<9oC0_71
<6. 2(7

5 , 1-51 , .8 (-7)
<4.1(-7)



TABLE B.35 (cont'd)

ACTIVITY RELEASE RATES AT SAMPLING STATION #2

11/2C 12/ 7 12/2_1
1016 1350 14 4

P'CROCLR IEkSEC CND

CAT E
TIME

NUCLIDE

1-131
CS-134
CS-136
CS-137'
CR-51
MN-54
FE-59
CO-57
CO-58
CO-6g
ZN-65
ZR-95
t-B-95
RUJ-103
RU-1C6
AG-11i?
SB-124
SB-i15
BA-140
LA-140

w CE-Ifil
i •U-152

o EU-15400

1/ 4
1255

1/18
115i

7C8±.16(-4)

234.5i±*.57 ( -t<.1.3(-6)
t I +.77 (-67 )

(1.Oe.O-4 )
2.o 67± lo(-.1)

1 131.23(-6)5. 23-1.03 14)

'7. .+.5 (-6.)
<,1. (-6)

4.12452 (-6)
o:'1.352 (-6)3 . 0'9 977 (-f-)

<12.4(-4,)
2,37:. •-t)

<4.6(-6)
<i.6(-6.)

<c4o4t(-6)
<1o*3(-6)

4.6S,1.26 (-5)
<e." (-7)

3*8t 2.3(-7)1.2S;926 (-5)
2. 63..26 (-6)
7,47; 396 (-7)2 82;'.3(-7)
7.8 E±.16 (-5)
8.C5 a52 (-6)

<7 (-7()
4. 12±1.6 (-7)
1 36±.26 (-6)
3 .•6.52 (-6)

3<0 S±2.(-7)
6. 7±2.3(-7)

<E.4(-6)

< •.6 (-7)

'.79±1.3(-6)
<2"8 (-9)

69. 16 . -8)
4. 89.ti.6(-8)ý,1Z~t*77(-7)
1.ll±.23(-7)

<5"02(-8)
<6.2(-9)

S251_.16(-6)
3.61+.26(-7)'< o2(-9)

<8 .2(-8)
<2.6(-8)

].55 + OC6(-6)
<3.6(-6)
<5 o9(-9)

2. 19!095 (-8 )
<7"7(-b)
<6.i.4(-7)
<1.b (-8)
<7.5(-8)
'2.1 (-7)

5.15±.1 .0 (-b)
3.35±1.0 (-7)

<3.1(-7)
<1.3-6b)

2.4' -. 75 (-6)
1.44+.21(-6)

<572 (-7)
5.15+1.8(-8)
2.2 1!.C8(-5)
2.83*.26(-6)

<6.2 (-7)
<6.4(-7)

2. 321995(-7)
5.1512,.l(-7)
<1.6(-5)
<4.9(-7)
<79C(-7)
<9.81-7)
<2.2 (-6)

1.24.ý41(-7)
<1.3(-6)<196(-7)

3.861.13(-7)
<1.4(-7)

2.52±1.85(-7)
8.24±3.9(-7)
2.19,1.82(-7)

<3*9(-7)
6. 18+1.6 (-8)
3.861.26(-6)
3.:862.77 (-7)

<'1.7(-7)
<1.1(-7)
41.1(-7)<io4(-7)
<3.4(-6)
<9.C(-8)
<2.3(-71
<2.21-7)
<3.9(-7)
<7.5(-7)

2,83.1,3(-8)
'6.2(-7)
<4.4(-7)



TABLE B.35 (cont'd)

ACTIVITY RELEASE RATES AT SAMPLING STATION #2

21 1 i/15
115 1320

t'ICROCLRLE SISEC CND

CATE
TIME

NUCLIDE

1-131
CS-134
CS-136
CS-137
CR-5I

FE-59CC-57
CC-58
CC-610
ZIN-65

oZR-95NB-95
RU-103
RU- 106
AG-IOP'
SB-lz4
5B-125
BA-140
LA-140

wCE-141
SE E-152

co EU-154to l-l

8,5(.*t,.(-7)
i H5(-7)

<5.? (-8)

2. 521.t*28(-6)

<3*1(-7)
'. •2.t.2(-1)
<2.3(-7)

2.4,(-7)

<1.5 (-7)

8.2 411.8 (-7)
<7*2(-7)
<C92(-7)

1.1 j2*3(-b)
<(C.5(-7)

15+2 3ý.31 (-6)iIls34 (-C.)
2.e8+ (-7)

<';Or(-7)

<4. 4(-5)
<E,8(-7)
<1.3(-6)

7 2 *6 (-7)
.9(_ 6-7)



TABLE B.36

ACTIVITY RELEASE RATES AT SAMPLING STATION #3

DATE
TIME

NUCLIDE

1-131C$-13(t
C 137

CR-51
NN-54
FE-59CC-57
CC-58
CO-60
ZN-65
ZR-95
NB-95
RU-103
RU-206
AG-110Mt
SB-124
SB-125
BA-14Q
LA-i40

_. U-152
Eb-154

NOTE 1:

9113
1i5b

ql/27ICI5 10112
94t

10/26
1145

11/ 9
847

HICROCLRIES/SECCND

<4.C(-6)

2,90+..2"Eel )

t.s±2Cl 0 (-C)

<.Q±20f-5)
<7.6(-6)

<6.5 (-4)

'1.3(-5)
'2.74-5)
'4,11-6)
<4,7 (-)

6.9C15.5 (-7)4 .* 1 .1,±2 (-7}

lo3C+*,1o(.5)

6,8C±*90 (-6)
1.4C *50 (-6)
59+4,.06 (-4)

74.14_*,-6)

4. 3e6.(-4)7.4C21.Z (-6)
9,bC47,5 (-7)"3"6 (-A)

f3 (4-6)

<'14(-5)'5.7(-6)

• e.4 (-6)
<3,9(-6)

2, 30±,SC(-6)
c5., (-7)
<2 7g(-6)-.1*6 ,09(-4)

1,43+,06(-5)
7:70 *UV(-6 )

7 01 ,05 (-4).3,257.091-5)
<9:5(-7)

1:901 90(-6)
1.00 .10(-56)

<4.2(-4).Cl Z,30 (-6)
<3" (-6)
<6o3(-6)<i~ .5(-5)

<6 86(:6
41:2(-61

5,1V+*50(-5)
NDTE 1
NOTE 1
NOTE 1
NOTE 1
NOTE I
NOTE 1
NOTE 1
NOTE I
NOTE 1
NOTE 1
NOTE 1
NOTE 1
NOTE 1
NOTE 1
NOTE 1
NOTE 1
NOTE 1
NOTE 1
NOTE 1
NOTE 1
NOTE 1
NOTE' .

1.64,±.!C1(-2)4,201,60(-61
<3 *34-6)

610±1.7(-6)
1.70 *10(-4)
1.504.104-5)
7,50,jl3(-6)1,4C',1601-6)6,9-5•,f 8-4)

3.70.,10(-5)
<4.6(-6)
45.3(-6)

8,20±1.6(-6)
'5.5(-6)

3,SC41,7(-4)
3.001,80(-7)

<7.2(-6)
3,60±1.9(-6)

41.1(-5)
<3.99-6)'1.1(-5)
<1.6(-6)

THESE CATA FCINTS I-AVE LEEN LEFT EFF DUE TC HALF LIFE CORRECTICNS
CR CTHER PRCBLEMS ASSCCIATEC ýITH ARITHEMITIC OPERATIONS WITH I NUMBERS



TABLE B.36 (cont'd)

ACTIVITY RELEASE RATES AT SAMPLING STATION #3

DATE
TIME

NUCLI4)E

1-131
CS-134
CS-136
C5-137
CR-51
MN-54
FE-59
CO-57
CC-58
Cf0-60
ZN-65
ZR-95
1h8-95
RU-103
RU-1•6
AG-110P
SB-124
58-125
BA-14i '
LA-i 4'0
CE-141
EL-152
EU-154

11/2C
12 2ý'-

121 7 12/21
9C.0

P IC R 0CU kI E SI/S EC C tiD

1/ 4
1345

11i1
1607

7.7(±.2C (-4)1. 5(±. 6(. (- 6;)
<106 (-6)

5.3C _'.2(-t)
2.7C÷.57 (-E1I.6C±T.1( (-5)}
3.et0*.7C 4-6:)

3C;,2.2(-7)
2. 31±.03(-4)

1'Gj2.(-6 )

",. 7¢T .1t '.

<206(-6)32{.6{±., (-4)

J.150.2C(-t)

4497(-6)

'.• l 7-6)' 1. c(-(::)

3 •30.11.1(-4)
A. • : _ 7-0 ( -6

<204(-6)
3.5C 1.0(-6)
6.b•C.1sZ(-5)

2.6C+.91(-6)

2.9± .;jI- (-5)
2 9-.; 1ý t': )

3.2C!1.1(-6)
5. 3C±1o2(-6)

1 0bC 1 . (6)02.6* (-6)3 .0C+.60 (-6)
'4.3(-6)
<7.1 4-ti

<!.2(-5)
'1.8 (-6)
<'6.84-6:)

2 .73 *b.2 (-4)
<.5 (-6)

'0.60(-7)
:0.0±50(-5)
6. ;t .96C (-6 )

.41.80 3(-6)•.54ýýJ.6(-7)

< 1. 6 (-6)<2*7(-6)
2.301.50(-6)<,."1, (-6)

<1.2 (-4)
1.43+.30(-6)

103•s.7 -6)<3*7 (-6)
<7:6(-6)
<1.4(-6)
<1.1(-6)
<3.2 (-7)

7•4C+±1*2(-4)l. 3_` •o (-6)
<6.34-7)

9.70 4.21-7)
1.2t-. 304,-5)
3.7C!.60(-6)
<2;C (-6)

4o4011.7(-71
9.2Cle.0(-5)69o15• 60 (-6)

<9,9 (-7)
<1.9 (-6)

1.610+ 40(-6)
1197(-6)*.71(-5)

9.7C!4.1(-7)<log(-6)
<2.8(-6)
<6.5 (-6<2.21-61

<1.1(-6)
<4.1(-6)
<1.3(-6)

2.38_±.70(-4)
9.80,12.3(-7)

<3.7(-7)
l.30±.30(-6)
3.1C11.* (-6)
1. •P .30(-6)

<5.1(-7)1 80 .50(-7)
2.60.101-5)
3.8CI .40 (-6)

<7 C(-7)
<4,9(-7)

3.1701.8(-7)
46.4 e-7)
<2 2(-5)
<9:6(-7)
41.2(-6)
<1.7(-6)
<2,7(-6)
<1"E(-6)

3. 701.2 (-7)
<1"8(-6)
<793(-7)

Io
-a
-_..

.. _.



TABLE B.36 (cont'd)

DATE
TIME

NUCLIDE

1-131
CS-134
C5-136
CS-137
CR-51MN-54
FE-59
CO-57
CO-58
CC-6c
ZN-65
ZR-95
NB-95
RL-103
RU- lC6
AG- 110M
5B-124
SB-125
BA-140
LA-140
CE-141

I EU-i52
-a EU-154

ACTIVITY RELEASE RATES AT SAMPLING STATION #3
2/ 1 /21 . Z15
13 9128

FICROCURIES/SECCND

2/22
122c

31 1
1023

4,*OC±o30(-5)
46.7(-7)
<2981-7)

7. 9c±2.9 (-7)<5.2(-6)
'2°9(-7)
81.3(-6)

41,C(-7)

,4o2C!2oC(-7)

82•(.-6)

'8.7(-7)

<1ob(-6)
49.5(-7)

6 2c..±093 (-5)
1:9C±.70 (-7)

<2.3(-7)

1.9Ct,±2 (-6)
2,7C± .80 (-7)

<'3•8 (-7)
4101(-7)3:.4C±+.30 (-6)

'2.7(-7)
<1.6(-7)
<2.2(-7)<i9,7(-6•)
<1.2(-5)
<?.21-7)
<6.21-7)
<7.8(-7)

<2.7(-7)
<6.6(-7)
<4.4 (-7)

1. 00"1 .30 ( -6)1 '7(-6)

2.80'+7C (-6)
<1*5(-6)

1I50+.6C(-8)
5•.9011.0.-6)2.6•+. 2C(-5 )

<997(-6)
'1.9 (-6)
<1.3-(6)

<2,6(-7)
<9.7(-b)
'1.2 (-6)
'2.61-b)
'2 *1 1-b)
<i,2(-5)
<2.5(-7)
<1*7(-6)
<5.8(-7)

1.4 2±.(j(-4)
<3.1(-7)
<7.4 (-6
<7.86 -71

2.80±1.0(-6)
e.60±2.o4 (-7)

<1•4(-6)
'2.1 (-7)

8.5011 soC(-6)
9. 90±4.9 (-7 )

<4.6 (-7)'1.2 (-6)
'8.5 (-7)
<6.9(-7)
<1.4(-5)
<9.4 (-7)
<3.3(-7)
<9e6(-7)
<2.6(-7)
'<.C(-6)
<1.8(-7)'1.2 (-6)
<1.9(-6)

1.30+1n7(-4)
<'4.6(-7)
<1.3(-6)
<3.49-6)
<7.9(-6)
<1,4(-6)
<9.6(-7)
'1.5(-7)1.00+1.20.( -5)

2.301.80(-6)<7.•-(-7)
<3.2(-6)
<2 C(-6)
<e'l(-?)
<106(-5)
<2.0(-6)<C8,7(-7) .

<2:01-6)
<1.0(-6)

'5.3(-6)
<3,0(-6)



TABLE B.36 (cont'd)

ACTIVITY RELEASE RATES AT SAMPLINA STATION #3
CATE 3/ 7
TIME 1321

NLCLIDE P'ICRCCLRIES/SECEND

1-131 1.c1+.C6 (-A)CS-134 <2.* (-6)
CS-136 c6.0-7)CS-137 < s1,1(-6 )
CR-51 4t,7(-6)
MN-54 1o4(-()
FE-59
CC-57 <4.4(-7)
CC-58 3. ý¢, qc. ( -6
CC-60 <Ze(-6)
ZN-65 <201(-6)
ZR-95 419c(-6)
NB-95 'cl,2(-f)
RL-.iC3
RU-1C6
AG-110P <,2 t(-)
SB-124 <1•c(•:)
SB-125 <294('f)
BA-140 <,*E()LA- 140 <202(-_b)

w CE-141 4102(-f1
2 EL-152(

-, EU-154 <302(-6)



TABLE B.37

ACTIVITY RELEASE RATES AT SAMPLING STATION #4

DATETIME

NUCLIDE

1-131
CS-134
CS-136
CS-137
CR-51
P¶ t-51f
FE-59
CO-57
CC-58
CO-60
IN-65
ZR-5 5
HB-,95
RU-1I•3
R -106
AG-IlOM
SB-124
SB-125
BA-I1O
LA-140
CE-141
EU-152
EU-154

1/ e
1342

16181638 2/ 1
1635

PICROCURIESISECCND

21 6
9 4rZ

2/15
943

2:56+.44(-A).- (-7)
'1l.44-6)
4200(-6)

2.30.Cj3 (-6)

'2.3(-6)3. 'C_+.5 C (-6:)
7,0103.0 (-7)

2.3-CW6)

<2.7(-t)

*1.1(-6)
'C1 (-6)

2 :0.8.1 .,04 (--4)

3.6 K+70 (-7)<'S,4 (-E)
1:!- 1,.0(-?)

Z. 8C±70 (-7)
<1.2(-7)

7.5C,.4C (-6)9. C;_ 1 . 1 (- 7
<2.99(-7)
<3.9(-7)
<2.5(-7)
<2.9(-7)< .8 (-6)

2'3ti.50 (-7)
<'.8(-7)<f:3(-7)

'1.64-7)
'~(7+.84 -7)

3.501.20(-5)<3",0{-7)
'(<1. (-7)

2.00+,±-7)'.l ,(-7)
<316( -7)

8.70!.60(-6)1 .-Z0O1. Z; ( -6)
'-4. (-7)
<3.8 •(-7)

3.65(-7)
<.28(-7)<8.?(-6)
<<.1(-7)3,80.+1.8(-7 )
<6e6(-7)

53701.,2(-7)<1,92(-7)
<292(-7)
<.• .o5(-7)
<399(-7)

3.9C+.32(-5)1 U±9£.70 (-71
<'234-7)

4*.90+1.Z-7)
1.90. 50 (-6)
2. 701.80 (-7)<3,• (-7)

'1. 14-7)
3.40C.30(-6)2 6,c- ± , ( - 7)

<'2-7 (-7)
'<. ( (-7)

<2.*2 (-7)
<9.7(-8)
<z.94(-16)
<3'2 (-7)<3:0(-71
<6*2Z(-7)
<7.8(-7)
<3.1(-6)
<2.7(-7)
<6.6 (-7)
'<4.• (-7)

10701910 (-5 )1].'1(-7)'1.9(-7)

2.co!+ 90(-7)
0"96(-7)
<2.2(-7)
<1.4•-6)
<106(-8)1701+,23 (-61

- .00+1.7 (-7)
'(1.3(-7)
'1(9(-7)
<1.1(-7)
42060-7)
<2.6f-6)
<3.2(-7)

1.608.7'(-7)
<1.1(-7)
'5.2 (-7)(1.4(-7)
<1.8(-7)

<3.*6(-7)
,=



TABLE B.37 (cont'd)

ACTIVITY RELEASE RATES AT SAMPLING STATION #4

DATETIME

NfjCL ID E

L-131
CS-134
CS-136
CS-137
CR-•1
PN-5 4
FE-59g
CO-57
CD-58
co-6o
ZN-65
ZR-95
t4B-95
RU-103
RU-106
AG-110m
SB- 12A
SB-125
BA-140
LA-140
CE-141
EU-152
EL-154

2/22
11 ZC

3/ 1
10u 53

3/ 7
1455

PICROCLRIES/SECEND

9 2CIo7-7)

i, o.t4(-t )

<Z6.(-7)
<1i.(-7)
,3.le (-7)
<3,3(-7 )4,BC_±,4C (-6)

9,9C61.7(-'7)S3..-e 7 7)

41*.(-6)
<,2I(-7)
'2o (-7)
'2.1 (-7)
<4.6 (-7)

'1.6 (-7/)
(<* 6(-7)

6.2(C±.3Q(-7)< 7.(-7)
<(.2(-7)

7o&Q2,6(-7)

<',3(-7)

<2,3(-7)

1,3(-6)
<2,2(-7)

<307(-6)

9;.201.30( -5)|<992(-7)
<2.1(-7)
603 5(-7)

<2,4(-6)

's .*(-7)<'••4(-7)
<2,7(-6)4930_;1292(-7)
<.5,0 (-7)

95 ,(-7)
<9.3(-7)
<39!U(-7)
<8,4(-6)
<2,6(-7)<4,4(-7)
<1.0l-6)
<9,7(-7)

42 ,oC (-6)
0l .(-6)

U,'r



TABLE B.38

ACTIVITY RELEASE RATES AT SAMPLING STATION #5

DATE
TIME

NUCLID E

1-131
CS-134
CS-136
CS-137
CR-51
MN-54
FE-59CC•-S7C- 58
CO-60
ZN-65
ZR-95
h'-95
RU-103
RL- 106
AG-110M
SB-124
SB-125
BA-140
LA-140

w CE-14u
. EU-152

-. EU-154

1/18
162E

21 1
16!5

2/ 8
931

J ICROCtRIESSEC CND

211,925 2/22
1120

2. OI s30 (-7-

2.7 L+ 5 (-8)
'1:.7-7)
<3.97-8)
<I.11-7)
<Z6C(-8)
<.,C± 2916)

<,.9 (-8)

<34C(-8)'<9.81-7)
'6.31-8)

'6:.91-8)

<3.61(-8)
'1.21-7)
<1.31-i)

2 ,C1.6 (-7)
1. ,4C,_ 40 (-71

'•17(-7)3 Kil -;) (-7)
15"4t-7)

7.5Q43.3 (-8)
<1"5(-7/)

6. 4 c±1.6 (-8)
4:4t±1.1 (-7)

92,0(-7)
<1.1(-7)
<1.1(-7)
<1,2(-7)
Ices.1 -6)
,c I* l-6)
<I ,C(-7)

3.C9(-7)
<6.0c (-7)< E a (--1)

5 *6C+±22 (-8)
<3.0(-7)<3,5 (-")

699Z.51-(-8);00_•4(7
<,O0(-7)

A1 0 •.1 (-7)

<1.4(-7)
<9,5(-8)
42.5(-7)

2.20,±.90(-8)
2.ZO, 70(-7)

<"j b(-7)
<2*4(-7)
<1.2(-7)<6.11-8)

<9,5(-7)
<193(-?)
<1,q(-7)
<2,2(-7)
<• ,8 (-7)
<1 ,2(-b)
<3,7(-9)<2,6(-8)
<8 o4(-7)

2, 3(;±1 (-7)
1.30T, 30 (-7)
1.50+<jC(-7)

<7.6 (-7)
<194(-8)'4.•7(-8)
<3.3 (-8)

8.30±3.6 (-8)

<9.1(-7)

<3.1(-?
'1.91-8)
'8.3(-7)'86.6-9)
<9.7 1-8)'3.11-?)
<62 (-8)
<72 (-7)'7.1 (-8)
'2.61-8)
'8,2 (-7)

9.5ý_. 90(-6)'2.91-7)
'3.5(-7)

2,10±,80(-7)<2.5 (-6)
<629(-7)
<1'6(-7)

<2°9(-7)
<31t(-7)
<6.7(-7)
<5,1(-7)
<2°6(-71
<3.2(-7)
'3.3 (-6)
<'44(-7)
<3.7(-7)

<1o1(-6)'2°51-6)
<'27(-7)
<'89(-7)
<7,3(-7)



TABLE B.39

ACTIVITY RELEASE RATES AT SAMPLING STATION #6

DATE
TIME

NUCLIDE

1-131
CS-134
CS-136
CS-137
CR-5i
MN-54
FE-59
CC-57
CO-S8
Cc-6c

ZN-65
ZR-95
NB-95
RU- 1,'3
RU-:16
AG-110M
SB-124
SB-125
BA-14O
LA-1f .i
CE-141
EU-152
EU-154

1/25
175C

2/ 1
1642

21 6
940

IdICROCLRLES/SECCNO

2/159 5 1 2122
1100

<1. 1 E-7)

'6. 7(-7)
<1,C(-7)
<10 (-1)
('( 3 (1-;)
,c 7C+1 (-')
3. 2,(-7)

'2.64-8)
'.131{-7)

42:&J-7)

73 (-t)
'1j * 4 (-7)
'1.4(-7)
'•2.04-7)

3.2f+.6Qv-b)
3"9C!1o6 (-8)

<'4.2(-)
7.9.C2.3 (-8)2 .2ir" +o 80 (-7)

7.7C_3.3 (-8)
17 * 6- ,30 (-t)

6'.8(-8)
'2.24-6)
<654(-7)<7,.T(-E)

(;.3 (-8)
'I,2(-7)

<,n (-a)<9146

5. 1.Cf.' .Io (-6)
<1*3(-7)

<1 .6((7)
<7.C (-7)
<9°6(-8)
<2.8 (-7)3, 7z0÷ o3( -8

5o.5011 .2 (-7
<2"e 4 (-7)
<2*6 (-7)
<.°3 (-71
<5,6(-b!
'(1 2({-7)
<9*7(-7)
<2,7(-7)
<4 *7 (-8 )
<2.2(-7)
<b 96 (-7 )
<9e7(-7)

<3.a!(-7)< 5. ( -7})

2,0 0! 40 (-6)
<3.o (-8)
<7 1 (-e)

<12(-7)
< 2,1 l-7)
<1,2(-7)
< 2, 1(-7)•.42(-8)'2.±1 .3(-7)

6.80±1I.3 (-7)
1.10±,.50(-7)

'6o4(-7)'3. (-8)
'1.•24(-7)
'3.7(-8)
'1l,21-6)
<9.0 (-E)
<1@6(-7)
<6 4 (-.8)
<2.C(-7)
<7.o4(-7)
<'90(-8)
<7.8(-8)
'1.8(-7)

3,70*.20)(-5)
<'42(-7)
'4 .,U -7)
<4o44-7)
'2.3(-61
<397(-7)
'5*0(-7)
<4o4(-7)

J.CC±.F°20 (-6)

'4.4(-7)
'4810-7)'4.84-7)
<3,0(-7)
'3•4(-7)
'3.9(-6)
<5.5(-7)
'3.7(-7)
<7,6(-7)
'1.4( -6)
<195(-6)
<•.0(-7)
<9.7(-7)
<?,6(-7)

w=



TABLE B.39 (cont'd)

ACTIVITY RELEASE RATES AT SAMPLING STATION #6

31 1 f- 7

MI (CROCU1IES/S ECCND

OATETIME

NUCLIDE

1-131
CS-134
CS-136
CS 137
CR-5II
MN-54'
FE-59C-57
C-58

CO-60
ZN-65
ZR-95
NB-95
RU-103
R:U-106
AG-110PO
58-124,
58-125
BA-140
LA-149

. EU-152
EU-154CD

.1+.(-6)
426.'(-i
<(J'/ (:~)

'1.*2(-6)< 260 -7)

<41 (-7)
<3.1(-7)

9. 3 (-8 )
(1. ',(-7)

c1,,6-7 )

<7*,(-7)

2 *9L'. 45 C'(-6)
<3.9(-7)

3.7(.j1.6 (-7)

<3.b(-7)
<2"1(-'/)

<1.6(-1)

*• 4,(-i}1

<.•.3(-7)



TABLE B.40

ACTIVITY RELEASE RATES AT SAMPLING STATION #7

CATE
TIME

NLCLIDE

1-131
CS-134
CS-136
C5-137
CR-51IMI-54
FE-59
CC-57
CC-58
CC-60
ZN-65
ZR-95
NB-95
RU-: 6C3
RU-iC6
AG-110M
SB-124
SB-125
eBA-14
LA-1
CE-141

* EL-152
.- EU-15 4

1/26
18c.5

Ž1 1
1 7^05

21 8
922

PI CROUCLRIESISECOND

2115
1135

2/22
12 0

'(q (-9)
4192(-e)
'2.3 (-9)
<3.2(-8)'1.1 (-8)

3.7C+j1.2('•)
< '1.t(-e j

'1.1 (-e)

<3.7(-9)

<3.3(-9)<1.3(-9)
'1o2(-8 )
'7.21(-8)

3,6(+,50(-6)

9<5514e(-B)
<2,3(-e)

<70814-8)
<6.6 (-7)

9. 5C+.6(-8)
<':1(-7)'7.8 (-8)

1.6C °6•(7)

'2".: (-7)

<] .24-7)

<3.3(-7<291(-71
<60;2(-E)
<5 a 'A(-7 )
<So.3(-8)
<1.4(-7)
l'4.(-7)<49.3(-7)
<r.02(-7/)
<1*e-(-71
<'0*7(-7)
<,c . (-7)

20 90+ s 7.,ý (-6)
4192(-7)
<7.9(-b)
<7.7(-8)
<4.0(-7)
<'4.7 (-6)
<2.2(-7)
'16•+,9(-8)

1 .8(-7)
<2 .f (-7)
<2.1 (-7)
<2.3(-8)
<5.1 (-8)
<6.4(-7)
<3.4 (-8)
<6.-4(-8)
'1 9( (-7)
<2.3(-7)
<4.8(-6)

9.60±2.7(-8)
<290(-7)
'1.24-7)

2.60+. 4C(-6) 2.5(_±•10(-5)
47.6(-8) <3*3(-7)
<1,1:11 <3,7(-71
'1,6(-7) <2.2(-6)
<1,5(-7) <3.0(-7)
<9.6(-8) <4,2(-7)
<1.4(-8) <1.6(-7)
<1.C(-7) <5@2(-7)
'4. 8(-8) <3.1(-7)
'3.8(-b) <3.11-7)
<5.4(-8) <5.5(-7)
'i.I (-7) <3,2(-7)
<.l1(-6) <3.0(-7)
<795(-7) <2.8(-6)
<1.4(-7) <4.5(-7)
<1.7(-7) '2.7(-7)
<1.6(-7) <2.3(-7)
<7.1(-8) <1.1(-6)
43.7(-7) 41.3(-6)
<3 9A-8) <3.1(-7)
'1. 3(-7) <677(-7)
'1*14-7) '6*91-7)



TABLE B.40 (cont'd)

ACTIVITY RELEASE RATES AT SAMPLING STATION #7

3f 1 ., 7
1155. 14 3C

PICROCURIES/SECCND

DATE

NUCLIDE

1-131
CS-134
CS-136
CS--137
CR-51

C -57
CO-58C0-60
ZN-65
ZR-95
N*B-95
RU-lQ3
RU-lC6
AG- 110M
SB-1 24
S6-125
BA-140
LA-i40
CE-141

-, EU-IS2
EU-154

c2EC(-7)4c2,C(-l)
44.5(-7)
<1.f(-7)
43e.t(-7)

I* C•et(-7

<2.341(-7
<2.3(-7)

<1.9(-7)
< *t(-7 )
<436(-71
'2.41-7)

<1,7(--i45.6(-7)

'5.4(-7)

1.'4C± *10 (-5)
<1.7(-7)
<1.9t-7)
tE.5(-8)

I.1(.j.50(-6)
1.8C_. 90 (-7)

<1.e(-b)
'c2.4(-8)

5. 7t±1.8 (-7)

'4.81-7)
'•25(-7)

<.73(-7)

<4.3(-7)
'<,3(-7)
4fo2(-7)

41.5(-7)
I'4.7(-7)



TABLE B.41

ACTIVITY RELEASE RATES AT SAMPLING STATION #8
1126 2/ 1 2/ 8
18C5 1705 922

PlICROCURIES/SECGND

DATE
TIME

NUCLIDE

1-121
CS-134
CS-136
CS-137
CR-51
P tI- 54FE-59;
CO-57
CC-58
CC-60
Z1N-65
ZR-95
N•8-95
RU-iC3
RU-1C6
AG-110P1
S50-124
SB-125
BA-i140
LA- 140
CE-141
EU- 352

" EU-154-ao

2/15
1135

2/22
1205

*'6. 5 (-8
'<;.3 (-7

'•6, (-8)'3.2(-7)

,'9o2(-6 )

'5.3 (-7 1
<1.31-7l

<1,7(-e )
'1.11--/)
'5.8 (-8)
'1.2('-/)
<1. 7(-7)
'7.8 (-1l)
'9.5(-8)
'1.21-'/)
'1.2(-7)

)

2.Q0C÷40 (-6)
'1.3(-7)
< o.4(-e)

'1.91-6)<2.2(-7)
< 109(;-',)

2,'1,.3 (-7)
<2.2(-7)

<1,3(-7)

<.65(-7)
<-.2C (-7)

1.5 C±3#(-7)

<1.1Q*0 (-7)

<Sol(-8)

1920± a, A. (-b)
<4 .4 (-8)

<9 3(3-6)
<8 •7-8)
<B3.4-b)
<1 q9(-7)
<2,31-8)
<i,(t(-7)
<1 .0(-7)
<6s6 (-6)
<1 .0(-7)<1:6 (-6 )<4,9(-8)

<2.7(-7)
<6.01-b)
<2o2(-8)
<3.5(-B)
<3.1(-7)
4192(-6)

2.30±1.4(-8)
<' ,4(-7)
<1.1(-7)

5, 20±3e1 (-6)
'1.9(-8)
<8. 7(-8)
<8.6 (-8)
.5,?(-8)
<1.7(-7)
<11 (-8)'8.8 (-9)

9•. 8LK±4.0 (-8)
<6.3(-8)
<102(-7)

3<439-8)
<1.4(-8)
<1.2(-7)<4.9(-7)

<8,4(-8)
<1o3(-7)
<337(-7)

'2.9 (-8)
<2.6(-7)
<'25(-7)

4.9C,1.60(-6)
43.1(-7)
<2.8(-7)
<3.0(-7)
<1.8(-6)
<296(-7)
<5'&(-7)
<1:4(-7)
<2.2(-7)
<3 3(-7)
<5.0(-7)
<3.9(-7)
<2 .7(-7)
<2 .•4 -7)
<207(-6)
<3.1(-7)
<2.6(-7)
<6o2(-7)<,1lo(-6)'1.6110-6)

<2.6(-7)
<6.1(-7)
<5*6(-7)



TABLE B.41 (cont'd)
ACTIVITY RELEASE RATES AT SAMPLING STATION #8

31 1 V1 7
115. 1430

PICROCURIi SS/SEC END

DATE
TIME

NUCLIOE

1-131
C.S-134
C -137
CR-51

FE-59
CC-57
Ca-58
CO-60
ZNt-65
ZR-95
NB-95
RU-IC3RIJ:---G6
AG-HOPSO-124
SB-125
BA-140
LA- 140
CE-141

. EL-152
N, EU-154

1,16•,08(-F)
41, (-7)
<2,'(-7)
'12 o(-7)
4,52(-7)

,'j2.(-7)

43*4(-.7)
43e2(-7)

<1,6(-71

'C9 r.(-f]

(3(*4-7)

7,2C÷±80 (-6)
(3"U (-7)
<2.2(-7)

1. 5:C *,60 (-6)
,C7 09 (-6 )
<3.5(-7)
<1.2(-7)<4o2(-7)
<4.2(-7)':2*1(-?)
<2.4(-7)
'(2.1(-7)1,.3 01.60 (- 71
<142(-6
<197(-71

<1.8(-7)
<6o3(-7)

<4.4(-7)



TABLE B.42

ACTIVITY RELEASE RATES AT SAMPLING STATION #9

DATE
TIME

NUtCLIDE

14 21421 ¶1 ~

3/ 1
A.207

VI CROCURiE$/SECCNO

1-131
CS-134
C5-136
CS-137
CR-51
14h-5 4

FE-59
CO-57
CC-58CC-610
Z N-65
ZR-95
NB-95
RL-IC3
RU-l106
AG- 1lO
SB-124
SB-125
BA-140
LA-14C

m CE-141
. EL-152

E EU-154

C.,C1.1Ic (-5)
'4.7(-8)

<.1 (-8)
<2 2(-8)5. I±2.9(-7 )
6 2 (-8)

<4.9 -8)

!20 C(-8)
1DTE 1

<',. (-8)

<492(-8)
< 4o7 (-8

'1. 2(-7)
<'12(-7)

5.tcl6 . -1
'45,1-8)

44.1(-7)
< ,8(-8)<E*7(-E)

5a2(1197(-8)
I'5:6(-E)
. ,C(-e)<f,5(-F-)

440C(-8)
<'.5(-8)

'I,1(-7)

<1.4(-7)

2,27.1906(-5)
<9 4 (-9)
<3 3 (-b)
<6. 1(-9)
<2 .0 (-7)
<3.9C-b)
ca.0(-9)
<1.4 (-8)
<3 .X(-8)
<Z,4(-8)
' 3 .3(-6)

<e,4(-9)<8.3(-B)
<1.5(-8)

<4.4 (-8)<5.1(-7)

'7,8 (-8)<2,*It-6 )

NCTE 1 THESE CATA PCINTS I-AVE EEiN LEFT OFF DUE TC HALF LIFE CORRECTICNS
OR CTHER PRCBLEMS ASSCCIATEC ýITH ARITHEMITIC OPERATIONS WITH < NUMBERS



TABLE B.43

ACTIVITY RELEASE RATES AT SAMPLINP STATION #1OT

DATE
lIME

NUCLIDE

I-1 31
CS-134
CS-136
CS-137
CR-51
MN-54
FE-5sCO-57
C c- 5,8
ZN-65
ZR-95
INB-95
RU-103
RU-106
AG-1101P
SB-124
SB-125
BA-140O
LA-14coCE-1m

,EU-ISZEU-152
ru

11/11
13CC

11/2C
1210

IZl 7
1515.

MICROCUPIES /CUBIC CEINTIMETER

1.09.+Cc7(-j4 )
<... -i(-14)

S 7C12(, (-13)
<1*4(-13)
<'5¢(-14)

<o 2(-14)

<2.2(-14)

<' 5(-1 )
<,4 (-14)'1,,2(-13)
'1,7(-14|
'2.15(-1')
'(4,• 9-1•).

'1,*3 (-13)

2.8(1.211 (-12)
<2.1 (-14)
<I 4 (-14)

5 .5C.I.6 (-14)
<1 * 1( - 13)6 o4 C1 6 ( -14
<go5(-14)
<7.2(-15)

7:4+C.60 (-13)
9.&)!(±1.6 (-14)

<393(-14)
'1.Z(-14)

<2.C(-14)
<k,3(-13)

<4.7(-14)<•,(-14)

'2,3(-13)
<1.6(-14)
'3.3(-i44)

3-.'('±. 30(-i12)

<991(-14)E6,0_,13.4(-14)
1: 00± - 30 (-12)4 G-±6r.b(-1 3)
2 00 ,50 (-13)

<3"! ( -14)
6. 20. * 2 0 ( -12)(6 601 . 516( -13)

<6 1(-14)
<1 .6 (-13)

I1 *~ o ~ 4Q# (-1 4)
4.93(-13)
<4.9 (-12)t.00I,1198 (-l14)
<1*8(-13)
<2 .6 ( -13)
<6 -13)

<95-13)
<8 .2(-14)
<2*4(-13)<!*!(-13)



TABLE B.44

ACTIVITY RELEASE RATES AT SAMPLING STATION #11T
DATE 11/20 212/ 7
TIME 144ý 1525

NUCLIDE MICROCL81.S/CUBIC CENTIMETER

1-131
CS-134
CS-136
CS-137
CR-51
ZN-54FE-59
CO-57
CO-58
CC-60
ZN-65
ZR-95
NB-95
RU-103
RU:106
AG 110P
5B-124
5B-125
BA-140
LA-140
CE-141

'EU-152
EL-154

10 O (j. •3(,(-12) <'9.0(-14t)

.1..(-13)
1.8C4C (-1l) 2CC *70(-13)

4o5. ,3EC(-14) 4 ,7'.0 3(-12)

<102(-14) 7.7C54( , --4)
4.6C+.6C(-13) 2.4C'• .o(-11)

<1.7(-14) <.: (-13)
4I,3(- ) 1,7( 2,4 *F (-14)

<2.7(-14) 4.7C.90(-13)
<293(-3)

<2974C(-14 ) 1.*,L 9_(-1 ')

<1,?(-13 < ( 13)
<1.2(-13) 3..(-13)
<6.4(-14) 4.7e(-13)

<201(-14) !r (-13)
-93,(-12) <-'1, (-13)



DATE
TIME

NUCLIOE

1-131
CS-134
C5-136C -137
CR-51
MN-54FE-59
C -57
03Q-56
co-eW
ZH-65
ZR-95

RU-103
RU-1$06
AG-110P
SB-124t
SO-125
BA-140LA:140,
CE 141

SEU-1,5
EU-.1.54

ot

TABLE B.45

ACTIVITY RELEASE RATES AT SAMPLING STATION #12T

1Z/lI
113

MICROCLRIES/CUBIC CENTIMETER

7. 3C±2.4 (-13)7f2- .l141
4*2 *2 (-13 )

1.7Ce7?C(-,3)1. 9O+,. (; ,, 12)
8. 60.€eO (-13)
4: 90 11:13('•)

1.Cl1+C3(-11)1.• l _s . e (-12)
<2.9(-13)

4 1C .*60 (-14)
<2"5(-13)
47.2(-12)

9080(5C (-14)
10.7(-13)
4•4 (-12)

5. e(-13)
'4.*, (-13 )



TABLE B.46
ACTIVITY RELEASE RATES AT SAMPLING STATION #13T

12/21 .'1 4
q7~e 1525

MICROCURIESICUBIC CENTIMETER

DATAi
TIME

hUCLIDE

1-131
CS-134
CS-136

FE-09C C- ''7
C0-58
CO-60
ZN-65
ZR-95
1•8- 9
RL-1C3
RU-1Ob
AG-110P
S B-124
SB-125
BA-140
LA- 140
CE-14I
Eli-152
EU- 154

2.'C_ 1.2(-13)
<1;1(-14)'t1.1(-13)

1.6C+,4C(-13)

1,6C±I.C (-14)

'1. C:*3 ( 3)

6.CCI! C(:14)
<1:4(-12)
.81.(-14)
41.1 (-13)
<2t3(-13)

'4.1 ('13)

'21.(-12)
'8.7(-1.4)

'34, (-13)

'2.t(-13)

3,,4t4.3J(-12)
<',61-14)

793CI2,5 (-14)
3.2,A±1 .2 (-13)
149Co*30 (-13)

<7o2(-14)
Z '~.• 10 (-14)

3,0b-1,30 (-13)
4393(-14)
<'1,1(-13)

911C.2 *4(-14 )

1r,,7(-12)
<4.7(-114
<1.2(-13)
<1*9(-13)

<2 .o-14 )
<5.7(-14)
<1.3(-13)
<1.6(-14)rJ



TABLE B.47

RADIONUCLIDE CONCENTRATIONS IN COVER GAS IN COOLANT WASTE HOLDUP TANK T-610B
D)ATE
TIME

NUCLIDE

216

MICRCCLRIES/CUBIC CENTIMETERS

1-131
CS-134
CS-136
CS-137
CR-5i

FE-59CO-57CC-57

CO-60
ZN-65
ZR-95
NB-95
RU-1j03
RL- 106
AG-1101P
SB-124
58-125
BA-140
L A- 140

w CE-141
EU-152

N EU-154

<8.e (-13
44.1(-13!8,8cj3*3{-:
(5.ot(-1.3
<2,(-13~
'1,Z(-12'Cie (-12

'1. 2(-12E-. (-1

'2,t(-13

<7,C (-1=
e8o4(-13
48.7(-13
<1.6 (-12'4. E(-1•
<62.(-13406•(-12
42,3(-1i

C)

,3)



TABLE B.48

RADIONUCLIDE CONCENTRATIONS IN COVER GAS IN COOLANT WASTE HOIt.tP TANK T-610A
DATE
TIME

INUCLIDE

1-1^-1
CS-134
CS-136
CS-137
CR-51
PMN-!',
FE-59
CC-57
CC-58
CO-60
ZN-65
ZR-95
NB-95
RU-1P3
RL-106
AG-11OP
SB-124t
SB-125
BA-140
LA-i:O
CE- 14'1

I EU-152
._.EU-154

3f 7

MICRCCLRIES/CUBIC CENTIMETERS

lo1C.l3C(-11)
4 70±. 4C (-12)

<5*3(-13)
1. 7C1+ C (-11)

<7C, (-12)
1 1Ct, 3 C 12)
'1. •:+7 (-12)

3. 30•. 1c (-11)7.0 +.,0 00 (-1?-
<1 "01(-1 i.<--!(-12)
'JO,(,(-12)|

'1,2(-12)
'3.C(-I. )'1.,2 (-12)

<3.2(-12)
'43*(-12)
'1.C (-13)
'3,2(-12)
'{3,2(-13)



TABLE B.49

RADIONUCLIDE CONCENTRATIONS IN COVER GAS IN COOLANT WASTE RECEIVER TANK T-607B
DATE 2/23
TIME 1415

NUCLIDE
I-1.•!
CS-134
S-136
S-137

CR-51
MN-54
FE-59
CC-5~7
CCI-58
ZN-6•

ZR-95
NB-95
RL-1G3
RU-106
AG-l1OM
SB-124
SB-125
BA-140
LA-140
CE-141
Ea U-152

, EU-154CD

MICRCCURIES/CUBIC CENTIMETERS

1Q0±5÷1C(-lC)
47 , (-11)3..2C.i,7C (=10)2,.7e(-i10)

<•,5 (-11)

6:* 3 C! * f.C ( -IC)

<1.0 f(-1)
<15.(-1c)
'9.6•1. ( -1i-)

'7.4,(-IC)'2.6 1-11)16,2(-,1))
'7. C(-IC)

'qt,(-11)
'1,36(C- 1C)

9294 t-iC)



TABLE B.50

RADIONUCLIDE CONCENTRATIONS IN COVER GAS IN COOLANT WASTE RECEIVER TANK T-607A
DATE71ME

hUCLIDE

1-131
CS-134
CS-136
CS-137
CR-51
PN-5'
FE-59
CE-57
CE-58
c c-69
ZN-65
ZR-95
NB-95
RU-103
RU-106
AG-110P
SB-124
S8-125
BA-140
LA-140
CE-141
EL-152
EL-154

2217
1540

3 33+.C1(-C; )
<33Z,2 .- 1C)
<5 * C- 1§)
'4.6(: (-9")
<,.C (-C)
<4 .•6 ( -C)

<4*tC(-IC)

'.C (-1C)

'4.12 (-9)
<I.2(-9)

'1.4(-9)<'.. (-IC)

'<6. C-iC)
'c.4 (-9)
41.9(-9)

2/28
930

MICROCLRIESICUBIC CENTIMSTERS

1. ÷4±.01 C-')

<2 4(-1i)

'c6 (-S)

<1,3(-I0)

<,I.5 (-9)
<904(-10)

<8,6(-I0)
7,•÷ .6(-9)

'2,3(-10)

<223(-9)

<14 (-9)
(1,2(-ci)

CA



TABLE B.51

MAIN STACK IODINE SPECIES
MAIN STACK IODINE SPECIES BREAKDOWN

CATE1=
-FF P,------ "----- - - - - - - L"---------- "=7-S- --- -R-I-T 7-------------------rT-

FILIER I CDI-2 / IPH I AGX CHARCOAL N MOTE I

MICROCURI ES /SECOND

DATE
EN

9111

9/14

9/27

10/12

10/26
11/ 9

11/21

12/ 7

12/21
.11 1/ 4

2/ 1

2/15

3/ 1

- 9114

- 9127

- 10•/12

- 10 /2
- 11i 9

- 11/2C

- 121 7

" i2121

- 11/

- 21 1

- 2/15

- 3 i

- 3/13

<5,({-5)

<1.9(-7)

'6.4(-7)

2,3. (-7)

<4,E (-7)

'.c • (-6)'1 .4(-6)

<3,4(-6)

3.e•e(-7)

'1.4 (-6)

'9.,9(-7)

<2,3(-5)

<7.0 (-7)

<€S.3(-7)
<4 99 (-6)

<5.5 (-7)

5,30,± 1, 7(-6)

<.14(-b)

<5.3(-6)

< 10(-5 )
<Eo4(-6)

<1.3(-6)

<8,5(-6)

<2.3(-6)
<294(-6)

<4.o (- 5

<5.1(-7)

<2.0 (-6)

<2.4 (-6)

<6.5 (-6)

7.2012.0 (-6)

<2.8(-7)

<2.9(-6)

<3.1(-6)

1o.5(-6)

'8.8 (-6)

<2*4(-6)

<6.1(-7)

a.1C_±1.6(-5 )

3.7C!j1 .2(-6)

2.40_±1.0(-6)

4 ._11 .3(-6)

e.7C_5,5 (-7)

f.28,1.54(-5)

1.7C,±.30(-5)

62;2C,.5C (-5)

5 o50±.5C (-5)

1 .•C4±.7 (-4)

4.9011.5 (-6)
<6.1C-6)

'1.1 (-6)I

'6.1I(-7)

<'43(-5)

<2.6(-61

<1,2(-6)

<5*0(-6)

'5*9(-7)

<6o5(-6)

<7.1(-7)

3.00..290(-6)

<2o2(-6)

<3*3(-6)
1,(-6

<8.0(-6)

<lo6(-6)

<2.1(-71

3.1011.b(-5)

3,7CI1,2(-6)

2o40•1.o,(-6)

4.80.1lB(-6)

8a7Q5.tSa5 (-.7)

7*66_,160(-5)

1,701.30(-5)

3 Q5C o51(5 )

5.c!5 50 C(-5)

1.041*07(-4)

4.5Cjl.5(-6)
3,2C_•2,1(-7)

NOTE 2

NOTE 2

NCTE 1s THE TOIAL C(ELPN 15 THE SIM CF THE REAL DATA ONLY* ANY LESS-THANS ARE IGNORED.
NCTE 22 ALL DATA TC EE SUMPEC ARE LESS-THANS OR THE DATUP IS MISSING.



TABLE B.52

SAMPLING STATION #1 IOnDINE SPECIES
SIATION I1 IODINE SPECIES BREAKDOWN

DATE 1= 7- • - - I= ll 7•A- s1A--nRf ...--- ------------- TE---
FILLER I CCI-2 / IPH I AGX CHARCOAL I NOTE 1

MICROCURIES /SECONO

DATEcN

9/13

9/27

10/12

1J/ 126

11/ 9

11120

121 7

12/21

V/ 4

2 21 1

3/ 1

- 9/27

- 10112
- 1C/Ze

- 1112C
- l1flC

- 12/ 7

- 12/21
- 1/1 ,

- 1/11B

- 2/ 1

- 2115
- 31 1

- 3113

7.831.3-9(-6)

1.5 7_.22 (-6)
4,fb6.4, (-6)

.5. 7?.l16(-7)

3,761 .2C (-6)

1,68_4,*(-5)
1.29j_4,C(-5 )

2.8:2_.2C 1-6)

2.eB.24,t(-6)
2,*5 61. 2 4(-b )

5,03S_.3q(• -6 )

3.8_4±,12(-5)

1. (;1 -0E (-5)

1 .251 .03 (-4)

4.7QC.3;(-6)

3.68E.47(-b)

2.94:.12(-5)

1.9Q1.03(-4)

"1.92+,04(-4)

4.3 1 2,1E (-5
2,* 5e_ .1 a( -5)

2.27_+. 12 (-5)

e.62:. 78 (-6)

1.92+. 16(-5)
7944±o.39 (-6)

3,68.16(-5)

3o60±o 39 (-6)

9.79±3.5 (-7)

5909,±939(-6)

1.96+. 08 (-5)

1.*49+.08 (-5)

3,76+,51 (-6)

.62110308(-5)
6• -6t_. 39 (-6)

1.17±,08(-5)

1,72.! 27(-6)

4.311.39(-6)

1.37.±.27(-6)

1.21_,.08(-5)

3.17±. 35 (-6)

7.83±Z.4('7)

7.63+.78(-6)

1.72_1.08( -5)

1,14-±.08(-5)

3,21±.47(-bi

5*091o39(-6)

39371±939(-6)

<1*7(-7)

'1.305(-7)
10 3(-7)

(.9 (-7)

(3*( -7)

(463(-7)

'3.3(-8)
<3.1("7)

'6.1(-1)

<3.3(-8)

<7.4(-7)

'1I(-7)

1.*5 (-7)

1,0l±.02(-4)

6,66-,12C(-5)

2.40:t.09(-5)

1992±.t04(-4)

1.36•±• (-5)

6 .93;t 65 (-6)

4*611*15 (-5)

2.44,.03(-4)

2.31j.04(-4)

2.39±.11(-5)

3.841.13(-5)

NCTE 14 T1,E TOTAL CCLLVN IS THE SLM CF THE REAL DATA ONLY, ANY LESS-THANS ARE IGNORED.



TABLE B.53

SAMPLING STATION #2 IODINE SPECIES
STATION #2 IODINE SPECIES BREAKDOWN

CATEOFF AT"E 1 A1 "[XE''•EF•lC--LlBT••fL•Al--Ut 11;Tt ..........---- TI[-

FILIEP CCI-2 I IPH I AGX CHARCOAL / N0TE 1

MICROCURIES/SECOND

DATE
CN

9/13 - r?/.7

9127 - 10t12

10/12 - 10/Z6

10126 - 11/ 9

11/ 9 - 11/20

1/20 - 12/ 7

121 7 - 12i21

12/21- 1/

11. 4, . 1118

1/18 2/ 1

2/ 1- 2/15

2/15 - 3/ 1

<1,1(-7)

<3.9(-!)

<I.e(-7)

3*01_,113(-5)

2 .63_1.16(-5)

5 .15 .7 7 (-6)

1,3.1 906 (-6)

1.111.49 (-b)

3.*,66 13 (-7)

2.21. .64(-7)

8.24jl.8 (-7)

'3 24-7)

7.47_±3.1 (-7)

(5.7(-7)

<5.0(-7)

6 .44.± .26 t-5)

1,39_.86E(-4)
1,44_+, IE( -5 )

3.09_ o 77"(-6)
1o 471o 49 (-6)

(5A4( -7)

6 s 44±4 s 6 (-7)

<2*0(-7)

42#3(-7)

<5.9(-7)

<7.5(-7)

<4.6 (-7)

1.57_.05 (-4)

2,01+°10(-4)

1.e2_.18 (-5)

3. 61+.77 (-6)

6.76±3,1 (-7)

<5.4(-7)

<2,0(-6)

<8.0(-7)

<1 .5 (-6)

1.3(-6)
<301(-7)

<5.9(-7)

1 .93±. C5 (-4)
3*35±9,10(-4)

1.34.. 16(-5)

2 .03•. 57(-b)

1.16±. 44(-6)

<6.2 (-7)

<'1. (-6)

<494 (-8)

<5,4(-7)

<4.1(-7)
4,38_+3,1(-7)

<7,-'1. (-6)

<4,4(-6)

6.1813.1(-7)

<1.8 (-6)

4.38±2.3(-7)
<I.01(-6)

<2.2(-6)

<5.4(-7)

NOTE 2
7.4-_.+3. i(-7 )

4.9513.1(-7)

NCTE 2

4. 45± .06 (-4 )

7.01±.17(-4)

4,98±•.31(-5)

1.00+±.12(-5)

5 0C5±491(-6)

3.861.13(-7)

8o6 5_±4.7(-7)

8.24±11.8(-7)

4:h-

NOTE I1 TI-E TOTAL CCLUMN 15 THE SUM [F THE REAL DATA ONLY, ANY LESS-THANS ARE IGNORED.
NOTE 2: ALL EATA 7[ BE SUMVED ARE LESS-THANS OR THE DATUM IS MISSING.



TABLE B.54

SAMPLING STATION #3 IODINE SPECIES
STATION 03 IODINE SPECIES BREAKDOWN

OfATE a1 1 A "'hI n4T?,-------------- -
FILI.EP f COI-2 I IPH A AGX CHARCOAL I NOTE 1

D ATE
CN

9/13

9127

10112

11i 9

11/20

12/ 7

12/21

1/ 4

1/18

L 2/ 1
". 2/ 8

2/15

2/22

3/ 1

3/ 7

- 91h7
- 1?. 2

- 1112u

- 121 7

- 12/21

- CU 4

2 1/1
- 2/ 1

- 2/1 8

- 2h•

- 2/22

- 3/ 1

- 3/ 7

- 3/13

41,. (- I)

7 .4C .2 ".(-5 )

2.2C•4oI-(-6)

2.2C_2.9C(-6)

1.60,60 (-6 }

2. 101. 5C (-6)

<v12 (-6)

3.2C .4.u (-6)

<2.. (-t)

6.2C!_.4-C (-5)

6.UCt1,2 ( -6)
2,o8 Ct.6C; (-5 )

la1.q±_+Ci-3)

6 .24 .7C (-5 )

9.9Q_2.3 (-6)

6. 1 Q2_2 (-6)

1..4C±.20(-5)

1.3C±.2C(-5)

7,3C±1.7(1-o)

1.i0+30 (-5)

2.3C•.! 3;C (-6)

3.1C_±.3C(-5)

1 0 9Q .3t( -5)

3.601.4C (-51

1.10±• 20 (-5)

3.220.t. 60 (-5)

.I c8±. 01 (-Z)

2.30±. 10(-4)

4 .50. 30 (-5)

4.-. 8±30 (-5)

1 10± 20 (-5)

1cc0±. 20 (-5)

1.70±. 50 (-5)

2.90_1 1(-6)

3 o 10.i a 30 (-5)

3.80±. 30 (-5)

2.-C±.30 (-5)

3.901.1(o(-4)

5.0G±. 40(-5)

1.511.08 (-4)

3.381.04(-31

,.601.20C(-4)

2.75+. !0( -4 )

8.50±.20(-4)

6.70.10(-4)

2,08-.07(-4)

2.i0+.20(-5)

3.40±00(-5)
1.2C-+.20(-5 )

S.6C-±.6C( -5)

•.7C_.40 (-5)

5.701.50(-5)

<1, 3(-6 )

9*20±5,6(-7)

<2,6(-6)

5,10±1.• (-6)

<8o7(-6)

<2.9(-6)

4.80_±1.4(-6)

6. 70+± 1 4 (-6 )

3.50.t1.0(-6)

2.00±*.90(-6}

'9.6 (-6)

<2.5(-6)

15 9021 .86 (-6)

5,00±1,16(-6)
3,00_11, 1(-6)

's.868_.11(-4)

7.06!.50(-5)
2 .11.1 .12 (-4 )

1.64s.01(-2)

7.62±.t24(-4)
3#32.t:.1 (-4 )

80761.2C(-4)

7.4C(±.11(-4)

2,3861,08(-4)

4.031.34(-5 )

6.20±.91(-5)

108110*,25(-5)

1,42_*07(-4)

1.3341.06 (-4)

1,0CC..07(-4)

NC7E 11 THE TOIAL CCLbrN 15 THE SUM CF THE REAL DATA ONLY, ANY LESS-THANS ARE IGNORED.



TABLE B.55

DATE DATE
ON OFF

11 8

21 1

2115

2122

31 1

31 7

1/ia

2/ 1

2115

2/22

31 1

31 7

3/13

SAMPLING STATION #4 IODINE SPECIES
SIAJION #4 IODINE SPECIES BREAKDOWN

FILTER t CDI-2 / IPH I AGX CHARCOAL I NOTE 1

MICROCURIES/SECOND

.50Q.,u(-6) 4.1C+±,7(-6) .,11+±01 -5) 2.40±05 (-4) l,20. O(-6) 2956_C,05(-4)
) o•O•,•.Q(-) .7G_,6C (-6) 5.90O±.o70 (-6) 1 o96.!t,04(-4 ) <3*0(-7) 2,OB8.1*(-4)

3 ,€.(;,k.11.6 (-7) 5 . _+ 8.A" (-6 ) 7.60.±. 80 (-6) 2 ,20 _+,20(-5 ) <46,6 -7) 3..50 _1 .23(-5 )

t960_422.(-7) 6e3C!_1,3(-6) 7.60+±1.2(-6) 2,40_,±20(-5 ) C2,4(-6) 3,88.t. 27(-5)

1 ,,6C 4,E0 (-7) 2 ,3C _+,5U(-6) 1 ,q0 _+,50 (-6) 1 ,30 _+,10(-5 ) <6 ,0(-7) 1 ,7 ., *12(- .5)

1,o7Cj,3C(-6) 1910±.+ 10(-5) 2,20..*20(-5) 7,0C _+,30(-5) 1.30 _±.40(-6) 1,06+,C(:4 -4)
2.4C_4.2C(-6 ) 8,3Q•1,.,(-6) 2.201.+20 (-5) 3.0Q.•,20(-5) <1.6(-6) f,17.t:,30 -5)

1.9Q.40,(• -6) 1,0 3_+. 99(-5•) 1,33+. 9.0(-5) 6,60+, 30(-5) 1,20_+.50(-6 ) 9.27_•113(-5)

w NCTE 1. T7-E TO0AL C(LIIN IS THE SUM CF THE REAL DATA ONLY, ANY LESS-THANS ARE IGNORED*
I



TABLE B.56

SAMPLING STATION #5 IODINE SPECIES

SIAIION #5 IODINE SPECIES BREAKCCWN

DATE CATE
CN JFF CUt---------

FILTER / CDI-2 / IPH / AGX CHARCOAL / NOTE 1

MICROCURIES/SECCND

1118- Zi i 7.+",t-B} 6.1C-+,2(-7) 3.7011.2(-7) 1.20i,20(-6) 2*10±1,1(-7) 2.54_,i26(-6)

2/ 1 - 21 8 420C(-7) <1.9•C-6} (95(-7) 294D±1.6(-7) <5,9(-7) 2.40±1.6(-7)

21 8 - 2115 6.;'C5*,(-8) <1,2(-6) <1.3(-F-) '1,3(-6) 4191(-6) 6.90.5,o(-8)

2115 - 2/22 <34.(-b) 2.3011.1(-7) <2o9(-7) <3,4(-8) <1.2(-7) 2.30±,1.1(-7)

2/22 - B/ A 2.2C_.4C(-6) 2.401.50(-6) 4,80+±60(-6) <896(-7) 9.40,..8e(-6)

NOTE 1' THE 707AL CCLLtN I5 THE SUM CF THE REAL DATA ONLY# ANY LESS-THANS ARE IGNORED*

w



TABLE B.57

SAMPLING STATION #6 IODINE SPECIES
STATION #6 IODINE SPECIES BREAKDOWN

DATE CATE
ch OFF P !Tt''7 I -t 7 Tt'-

FILTER / CCI-2 / IPH I AGX CHARCOAL I NOTE I
MICROCURIES/SECOND

1125 - 2/ 1 9.9Co1.b(-7) 3*8(±.6((-6) ZCO_±*4o(-6) 1,10±.30(-6) <5#1(-7) 7,89±o80(-6)

2/ 1 - 21 8 2.E3 ,,0(-7) 9.5t±s_.2(-7) 792013.7(-7) 1..20±.30(-b) '3.6(-71 3,15_+56(-6)

21 8 - 2115 1,6C±.37(-7) 1,3C±+5G(-6) 1.40i+.50(-6) 2.30t,60(-6) <1*4(-6) 5.16±.193(-6)

2/15 - 2122 <8,6(-b) 2.9C±1.3(-7) <5.3(-7) 1.70±. 40(-6) <5.6(-7) 1.991.42(-6)

2/22 - 3/ 1 <...(-) a.6C±.4C(-6) l.0_•40(-7) 3,3C_+20(-5) 5.20±2.5(-7) 3.531t.21(-5)

31 1 - 3/ 7 '2.2(-7) 1.40+.3C(-6) 2.101.60(-6) 1.70±.40(-6) <907(-71 5.201+.78(-6)

31 7 " 3/13 Z.6Ol.3(-7) 8.2C±3.1(-7) 1,20(±+30(-6) 5,50_±2,0(-7) <4.6(-7) 2.85.t*49(-6)

NOTE 1S THE TOTAL CELUPN IS IHE SUM C.F THE REAL DATA ONLY, ANY LESS-THANS ARE IGNORED,

I
-a



TABLE B.58

SAMPLING STATION #7 IODINE SPECIES
STATION 07 IODINE SPECIES BREAKDOWN

DATEIP
OFF

FILTER~ CDI-2 I IPH / AGX

DATE
CN

CHARCOAL
I TOTAL
I NOTE 1

1/26 -

2/ 1 -

21 6 -

2/15 -

2/22 -

3t 1 -

31 7 -

2/ 1

2/ 8

2122

3/ 1

3/ 7

3113

<I Ot(-6)

<3,'1 (-7)

<1'2 (-7 )

<2 * (-7)

'49.2 (-7)

<'--92(-7)

1,6C_40C(-7)
1~l,1¢...3C (-b )

9,7Q±3,3 (-7)

3.9C±.5C (-6)

.50_±.5C (-b)
1,8C_.* 4¢ (-6)

MICROCURIES ISECGND

9.3012,8(-8) 3.21.+±.5C(-7)

4.1C(_.1.5(-7) 1.70+3•((-7)

7,001299(-7) 2o2C±50(-6)

<7.0(-7) 200..±.4C(-6)

7.CD+,70(-6) 1,41±*C9(-5)

5.601.60(-6) 1.5C+C09(-5)

3,20., 50(-6) 7,9C.±.?C(-6)

4.70_t1.9(-81

3.70_1.8 (-7)

<1,1(-6)

<9.4(-7)

<1.8(-71

2.60..o40(-6)

1*40,±•30(-6)

6,20 .* 72 (-7)

2,05±,38(-6)

3.8 71.67 (-6)
2,65.''.,47 (-6)

2.5C±.,12 (-5)

2 a 7 _1 *, 1.3 .- 5 1

1*3.t310 (-5)

NOTE I TE 70O7AL CCLUPN IS THE SLM OF THE REAL DATA ONLYP ANY LESS-THANS ARE IGNOREC.

(.o



TABLE B.59

SAMPLING STATION #8 IODINE SPECIES

STATION #8 IODINE SPECIES BREAKDOWN

DATE DATE I
Cli OFF HITmurt------- 7-MA--

FILTER I CDI-2 I IPH I AGX CHARCOAL I NOTE 1

MICR9CURIES/SECOND

1/26 - 2/ 1 e,6C01,2(-7) 2,_1,4C± (-) ",3±0+2,O(-7) 6941D±2.4(-7) <4,2(-7) 3,63±,52(-b)

21 1 - 21 8 •,1Cj2.2(-7) e.1C_+2.7(-7) 5.30±2.2(-7) 3,10_1,6(-7) <•46(-7) 2*06±.t4C(-6)

2/ 8 - 2/15 E,9•,4,4(-8) 3,1•_Z.C(-7 * 7,7G_391(-7) <101(-6) <8o3(-7) 1.171,.37(-6)

2/15 - 2/22 45,a(-8) 6.5C!2.7(-7) 7,20_2,2(-7) 3o9C+±3o1(-6) NOTE 2 5,2739o1(-6)

2122 - 3/ 1 'cZ,6(-7) 2.2C-.4C(-b) 1.50±,30(-6) 1.2C_±3C(-6) '3,1(-7) ,.901.58(-6)

3/ 1 - 3/1 7 ,C.e±.7C(-7) 4,30±,5C(-6) 6#,bO_,O (-6) 1,2Ct.30(-6) <2,0(-7) 1,17_1,08(-5)

3/ 7- 3113 2e8Cj..,2(-7) 2o6C,±e.(-6) 3,50_±+50(-6) 8.20j_2*7(-7) <2*6(-7) 7,±.71(-b)

NOTE lo THE ICIAL CELLPN IS THE SUM CF THE REAL DATA ONLY, ANY LESS-THANS ARE IGNORED.
NOTE 21 ALL DATA IC eE SUMEC ARE LESS-THANS OR THE DATUM IS.MISSING,

I0

0



TABLE B.60

SAMPLING STATION #9 IODINE SPECIES

STATION #9 IODINE SPECIES BREAKDOWN

DATE DATE 1-=1I6
c N OFF A TClj----A1--A -- UF ATU ------ 7 TU't-

FILLER / CCI-2 / IPH / AGX CHARCOAL I NOTE I
MICROCURIES/SECOND

21 9 - Z/15 C,2! .6_,(-7) 1 o 5±IC(-5) o.4C±.•4O(-6) 5.30±,.40(-6) <5.2(-7) 2.52_,12(-5)
2115 - 3/ 1 3 ,s {.4.5C(-6) 3 ,9C _+olC(-5) ,e60 _+,30(-6) 2 o 80! o20(-6) 41 o5(-7) rý°37 _1,12(-5)

31 1 - 3/13 3,2C.UI*(-6) 1.301±,0(-5) 4,20±1,1(-6) 2,20_±20(-6) '7,4{-8) 2,26±•,2(-5)

NOTE 12 TF-E TOTAL CCLUPN IS THE SUP CF THE REAL DATA ONLYP ANY LESS-THANS ARE IGNORED*

w
-a



DATECN

111.11- 113

11/2p - 12

12/ 7 - 12

TABLE B.61

SAMPLING STATION #10T IODINE SPECIES

STATION #10T IODINE SPECIES BREAKDOWN
CATE =

OJFF P.--- tT- t"T1------ -----------
FILTER / CDI-2 / IPH I AGX CHARCOAL I NOTE 1

MICROCURIESICUBIC CENTIMETER

12i 7 ,. c-l ) 6 _.1(-i3) 58,Oi±.30(-13) 3,30±.e30(-12) <192(-14) 7.+2O±45(-1I
1 7 IC2,6(-i4} <294,(-13) 5,80±s,90 (-13) 6o20l+,eO(-13) 46*03(-14) 1,20_+,12(-12

121 41,74-13) <l,9(-13) <697(-:131 2,00.+, 0(-1Z <4,2(-141 200G•:*20(-12•

I

)

I

NCTE 1: 7HE TOTAL CCLLFN IS THE SUM CF THE REAL DATA ONLY, ANY LESS-THANS ARE IGNOREC,

w
to

I%



TABLE B.62

SAMPLING STATION #11T IODINE SPECIES
STATION #I1T IODINE SPECIES BREAKDCWIW

LETE 1=1 DIZ IPIAGN
OFF Utt't i t ~ ~ R !~----------- 7-Mir

FILTER f COI-2 I IPH / AGX CHARCOAL INOTE 1

DATEch

11128 '121 7
12/ *7 12/21

MICROCURIES/CUBIC CENTIMETER
3,•.5C,6C(-13) q,8C•!,e(-13) 4,•,iQ±2,3(-13) <2,7(-13) <1.5(-141

<1,e•5(-131 <30-,4(-23) <2,0(-13) <2*1Z(-13) <6*6(-14)
1 .79:i.310(-12)

NOTE 2

INLTE 11 THE TO0AL CCLU1iN IS THE SUM CF THE REAL DATA ONLY, ANY LESS-THANS ARE IGNOREDN
NOTE 2t ALL DATA 7C BE SUNI'ED ARE LESS-THANS OR THE DATUM IS MISSING*

CA3



TABLE B.63

SAMPLING STATION #12T IODINE SPECIES

STATION 812T IODINE SPECIES BREAKDCWN

DATi DATE
CN iJFF ------------------

FILTER / C0I-2 I IPH I AGX CHARCOAL I NOTE I

MICROCURI ES /CUBIC CENTIMETE7R

12121 - 12131 Z.1C1*.C(-13) 2.1oC±1.Q(-l3) 3.1(.±+1.5(-13) <6.9(-13) <1.1(-12) 7.3C±2.1(-13)

NOTE 1: THE 70TAL CCLtIN IS THE SUM CF THE REAL DATA ONLY, ANY LESS-THANS ARE IGNORED.

4wb



SAMPLING STATION #13T IODINE SPECIES
SIA711o 413T IODlNI SPECIES BREAKDOWN

DATE OFE ----- r-----------7----TOM--

FILIF I CDi-2 I IPH I AGX CHARCOAL / NCTE I

MICP.OCURIES/CUBIC CENTIMETER

12121 - 11 4 " Z,)(-13) <7,7(-6.I) <6,-13) 1.20±.69(-13) <7,*?(-13) 1.C2Q,60(-13)

1/ 4 - 1118 29101.,50(-14l 1,1C.,zC-.3 3.9t±1.3(-13) 1.70±.2C(-12) <3o1(-13) 2°22±t92'(-12)

NOTE 1: T$'.E 7TAL C(turN 15 THE -tt• Cf THE REAL DATA ONLY, ANY LESS-THANS APE IGNORED*

-I

J'l



TABLE B.65

IODINE SPECIES IN COOLANT WASTE RECEIVER TANK T-607A COVER GAS

CCCLANT WASTE RECEIVER TANK(T-6C7A)
DA IE 31= L C~jAjj_
OFFTE I t tPtr, IfIP I GHA - - - - - - - - - - - 7I tTAL

FILTER I CDI-2 f IPH I AGX CHARCOAL / NTE 1

OATE
CN

2/27 -2128

2/28 -212-8

<2.1(-13)

<8 sC (-13)

'4 .2C£.12 *5(C-1 3)

< 19 1C-12)

MICROCLJRIES/CUBIC CENTIMETFR

4,.90.±.60 (-12) 1.3C2±.C1(-91 9.30.±.40(-11) 1.46,1*01(-91

NOTE 13 THE MCIAL CEL0IN IS THE SUP.. CF THE REAL DATA ONLY. ANY LESS-THANS ARE IGNCRED,

w



TABLE B.66

IODINE SPECIES IN COOLANT WASTE RECEIVER TANK T-607B COVER GAS

CLCLANT wAST. RECEIVER 1ANK(T-6C7B)

DAL CA T 't 1= -------------

FILIER / CDI-? / IPH I AGX CHARCOAL I NOTE 1

MICROCURIES/CUBIC CENTIMETER

2/23 - Z/4 <1.A2-11) B.eC_+.7C(-13} 2.10±.z9t(-12) 1.74±.01(-9) 1,54,.*2(-11) 1.76_±.C||-9)

NCET 1: T'-E TOTAL CLLLPN IS THE SUM CF THE- REAL DATA ONLY* ANY LESS-THANS ARE IGNORED.

W
I

',,



TABLE B.67

IODINE SPECIES IN COOLANT WASTE HOLDUP TANK T-610A COVER GAS

CCCLANT WASTE HOLDUP TANK(T-610A)

DATE C~ATE
chJFF T crT7!w i yI ILy------- 1 t t

FILTER I CoI-2 IPH AGX CHARCOAL / NCTE 1
MICROCU04IES /CUBIC CENTIMETER

31 8 - 31 9 1.10_1.4O(-12) <2.9(-I4Z) <2.9(-12) 6.5C±,•'3 -13) 4.4ft+1.2(-1Z) 7.05.+33(-11)

NOTE 12 THE TOTAL CCLUPtN 15 THE SLM [F THE REAL DATA ONLY, ANY LESS-IHANS ARE IGNORED.

co



TABLE B.68

IODINE SPECIES IN COOLANT WASTE HOLDUP TANK T-610B COVER GAS
CCCLANT wASTE HOLDUP TANK(T-blQB)

DATE CATE "-4 JFF iiTTtt tMIT- ------
FILTER I CDI-2 I IPH / AGX CHARCOAL / NOTE 1

MICROCURIES/CUBIC CENTIMETER

31 7 - 3/ 6 44,1(-1" -13) <601(-13) 41Z+±o7(-I0) 2,7%*_70(-12) 4.o15.,-7(-1O)

NCIE 11 TFE 1O0AL CCLLLN IS THE. SUY CF THE REAL DATA ONLY, ANY LESS-THANS ARE IGNORECe

,.aw



TABLE B.69

DATE
TIME

NLCLIDE

1C/23
123C

NOBLE GAS RELEASE RATES IN MAIN STACK
t/24 .10 /25
1130 1130 1130

1C/27
1000

P I CROCLRIES/SEC CND

KR-85M 3I2±.1'.( C)
KR-65 i0 ?8.?-2)
KR-88 <t(. 0)
XE-131P 2.•,;.±,c( C)
XE-133P 5,3L+,05 C)
XE-133 3.1 9.1(0 2)
XE-135 2."'M±.C2 1)

10801.21( 1)
2.F1I.17( C)<tol( 'I)

<2.6( 1)
3.741.0-2( 1)

2,7C!.02( 2)

A: 6.61C2( 1)It 30.1.4(;( 0)

7043±.13( 1)
<900( 1)

7:171.15( 1)

3 a96,t,04 ( 2)

4.441.24( 0)2.8211.,( C.)

<3.2( ,(1'7±50(1 0)

2:98!.C2( 1)
1.57±.14( 31a 381.19( 1)

1.28,1.1( 1)
<1*4( 0)

1.57t.04( 1)
<106( 1)

1 271.02( 3)
1079..02_ 2)

0



TABLE B.69 (cont'd)

NOBLE GAS RELEASE RATES IN MAIN STACK
CATE
TIME

NUCLIVE

KR-e5MK R- 6.ro-

XE-1311
XE-133 t
XE-133
)E-135

ILICC Lt/29 1.13/ ~
~. C ~

10/31
lOCC

11/1
1000

fICROCURIES/S ECCKD

4,.T_±,'(-.)
e.•i+.i1( C)

43;.( z)
.3 _±.C3( 1)

3.t,4.04i( u)
<471 (-4)
<2.?( c), ý1.1 lC 1)

5i• 34+9b 2)
5: Oli ,g - Q I )

.1901+.;3( 0)
.1.1(-31

1. 97±.69(-2)
1.3b4.CUe( 2)

2,33+,C7( 1) @.02.±04( 1)<Ic 60 ( -1 'c 6" 1( -2

NtlE 1 Nr.TE 1
hOlE 1 NOTE I
NOTE 1 NCIE 1
NOTE I NCTF 1

NCTE It ThESE LATA PUINTS I-AVE BEEN LEFT GFF DUE TC HALF LIFE CCRRECTICNS
CR CTHER PFCELEMS ASS6CCATEC kITH ARITHEMITIC OPERATIONS WITH ' NUMBERS

w

cli.4



TABLE B.69 (cont'd)

NOBLE GAS RELEASE RATES IN MAIN STACK

ATE
IM:

NUCLIDE

11/ 2
lico

11/ 3
11iCC

iu/ 4
1100

11/ 5
1ICc

11/ 6
11C('

MICROCLRIES/SECCND

KR-85M 4e 711.06 ( 1)
KR-e5 <1.'4( C)
KR-88 2.86+.3(;( 2)
XE-131PF N1E 1
XE-133P NC,7E 1
XE-133 NO•E 1
XE-135 hIcE 1

4o04_.38( C)
4.5S 964 (-1)

<1.8( A)
2.231.20( C)9.941,0d( 0)
4#4'i.2Z( 2)
4.971.07( 1)

8*741±.27( 0)
<5.1( o0

1064±.3b( 1)
'6;6( 0)

:70j.3-• (2)
1 231.04( 2)

3.0331.18 0)'2.t ( C)
6.87+1.7( 0)

<3.2( C)7:6, 1 .15 ( 0)

4.14±.23( 2).o83.1Z2( 1)

<404( 0)

(5*51 2)
5,24±.71( 0)
1.63_.06( 1)
5o781,53( 2)30671+.09( 1)

NOTE Is THESE CATA PCINTS -AVE BEEN LEFT CFF DUE TC HALF LIFE CORRECTICNS
CR CATHER PRCELEMS ASSOCIATEC kITH ARiTHEMITIC OPERATIONS UITH < NUMRERS

w
Ije



TABLE B.69 (cont'd)

NOBLE (GAS RELEASE RATES IN MAIN STACK

DATE
TIME

NUCLIDE

9R-85M
KR-85'
KR-abXE-131t

XE-133M
XE-133
XE-135

11/ 7
17 BC

11/ e
12 C.t

1/ 9
1200

11/ic
12CC

11/11
1200

MICROCURI ES /S EC OND

1, 7C4 ( k )<1.( eC()•
:;gS+.95 ... ( C)

, ., ( c),

1 7:.2 1)

<57,1( c)
1.q+.15( 1)

< 17( C)
1.67+1.C( 1)1.011.+o-4( 2

3@u7 i ... I ( I)

,3 (-1)

<3 .(-1)2. 61..01( 0)
,L99±,32( 1)

1. C7±+_-,'( 1)

<394( C)

9..24±.o5( 1)1.26:t.C2( 1)

1.85+.37( 0)
<1*1(-2)
<1o3( 2)

NCTE 1
NCTE 1
NOTF 1
NOTE 1

NOTE It IlESE £A1A FEINTS f-AtE BEEN LEFT CFF DUE TO HALF LIFE CORRECTICNS
OR ETHER PREELEMS ASSOCIATEC %ITH ARITHEMIIIC OPERATIONS WITH 4 NUMBERS

I
,,J

f'I,



TABLE B.69 (cont'd)

NOBLE GAS RELEASE RATES IN MAIN STACK
DATE
TIME

NUCLIDE

11/1.1
12CC

12/14
2C t

11/14
1200O

11/1512CC 11116
1200

PICROCURIES/SECEND

KR-85M 1.19:±.C9( C-)
KR-85
KR-88'6U )

XE-133 4 -60±.22( 1)
XE-135 8.761*14t IL-)

9.10'±@44 (-l)
"ý705.5(- 1)

6:6 3..31 ( 1)
6. Ao2,± C-7 C -,

1#53.1*14( 0)

'<798( 0)
5.:161,65 (-1)
, 56±.Aý2( 0)
8 431 4C(C 1)

Sý, 8,±o2(-2) 444(-2)
2.67±.531-1) 4.23±.21( C)

1 Ze±.C1( 1) 2 a1±.05( 1)
1003±.C4( 2) 1:981902( 3)
4.5+-5 0) 3 791*11( 1)

w



TABLE B.69 (cont'd)

NOBLE CAS RELEASE RATES IN MAIN STACK
CATt
TIMlE

NLCLIDE

11/17
12CC

L. /1
A. A. 11/2C

12CC
11/2190(l

t'1CROCLPRIES/SE;CCND

KR-85M
K R- 6 5 L3.( C)
KR-60
XE-131P 6 3oil.,C( C)
XE-1331' 1:2c-1.01( 'A)

XE-1L35 M~.31.64( C )

<2*E(-3)

8:4c-,131(-I)f90•..:•,5 ( !)
8. 7C±, 13 (-2 )

<oLt(-2)1.17±.48( 4')
<Z,9(-2)

4 346,57( 3)
3 , ; .1.'.( 2)
7. 21iol15 -2 )

c3*7(-3) .<*(2

<493(-2) <04(-2)
6.9!.C4( 0) 1,23+ 17( 0)

w

U.'I



TABLE B.69 (cont'd)

NOBLE PAS RELEASE RATES IN MAIN STACK
CATE£
TIME

NUCLIDk

KR-85M
I(R-85
KR-68
XE-13 19
XE-1L33M
XE-i133
YE-135

1112C12EC 11/29]2 (?, .11 / N 121C12 C 12/ 7
1200

P ICROCUR I ES/SECCND

'1 97(-3)

'C2.1 (-2)

2 (;21.21(-2)

< is9 (-3)

5o * 51.17 (-1)

1.4i4;.40f 1)
< 7-. 6(-4 )

<2.3(-2)4 ,(-1)
'3 .6(-1)

7.70,1 .32(-')
<2.1 (-3)

7.22±.4C( 0)
1.2 11]. 74 (-3 )

<1. 7(-3|3.50+,64(-1)
<2:1 (-2)

2. O_+. 13 (-L)
<3.5(-3)

2.62_+12( -)<8-.8({-4)

'2*8(-3)
4.09j.26( 0)

6. 14±.147(-1)
<6.6(-3)

2.q8!*1,3( 0)
6 .06140(-3)

cI'



TABLE B.69 (cont'd)

NOBLE rnAS RELEASE RATES IN MAIN STACK
DATE
TIME

NUCLIDE

KR-85MXR-89
KR-b,6
XE-131P'
XE-133M.
X•-133
XE-135

;2I E
12(cc

121 C;
J2CC

i2/1 S E

~ICROCURIE~S S EC rND

1211
izcc: 1121 20f

'<o.4 (-l )
'1.1 (-1)

2.72,1.11 (-1)
(7.4(-3)
42.2.(-2)

E.O(-44)
*.D (-2)

2 1. 12 (- 1)
•i7 (-3)
C4 cl;(-4)

<1.6(-3)
49.1(- )
<? .*4 (-2)

i.41,. .1 (-1)
<2T8(--3
<7.3(-4)1

<2.2(-3)<5.2 (-2)
<3.3(-2)

<29 (-3)
7.63+. 36 (-1)

<'se (-4)

'6,4(-3)<1.7(-1)
<1.2(-1)1.261+.16(-1)
<4.3(-3)

9.63_+.59(-1)41*9(-3)

w



TABLE B.69 (cont'd)

NOBLE GAS RELEASE RATES IN MAIN STACK
DATE
TIME

NUCLIDE

KR-85,4
XR-85
KR-88
XE-131M
XE- 133M
XE-133
XE-135

i2/2I2
12 i- ý- 13CO

i2/19
1200

12/20
14CC

12/21
140C

' ICRUCURI ES/S EC CND

C'-. 1 (-3)
<2.4(-1)"',.i (.-2.)

,7715 . 1(-- )

1.fe.i.2( C)
'1, 3(-3)

S.0 E+ .44 (-3)

3 73±2,8 (-4)

<40, (-l)
1.'431.34( 0)

<79b( 0)
2.48_. 12( 0)

<3.3(-2)
7.C1±.22( 0)<208(-2)

1. 38± _1o(-i)1,0b±,25 ( 0)"

1.98.oM 0)
<2.C(-2)

5,60±_+2( 0),06± . 32 (-2 )

NCTS 1
1,26+.06( 0)

NrTE 1
1,35+,06( 0)
7.81;.14( 0)
2.05+.17( 2)

NrtTF 1

NCTE 1' THESE CAIA PCIhTS I-AVE BEEN LEFT OFF DUE TC HALF LIFE CORRECTICNc
OR CTHiR PRCBLEMS ASSMCIATED ýITH ARITHEMITIC OPERATIONS Will, < NUMBERS

,0



TABLE B.69 (cont'd)

NOBLE GAS RELEASE RATES IN MAIN STACK

DATk
TIME

NUCLIDi

KR-85M
KR-8 ,
KR-86
XE-131P.
XE-133"
XE-133
XE-135

1/ 3 1/ 4
i 2 Cc 1 J20

P ICROCURI S/SECCND

1/ 6
12CC

1/ 7
120o

i.69+002t 3)
5.69•0C3( 1)

821_+±.2 (-1.)(<;;3( 1)

4. 7(C,4( (1)
2.t.- .C6 ( 3)

NCTE 1
6.62+.21( 0)

NETE 1
<108( 2)

1:14±o03( 2)
1,09.1±.0( 4)

a. 4 ±.~(2)

4.96± 1@6 ( 0)
1.42+oC4( 1)

NDIE 1
<191( 2)8.201,07( 1)

4.6C0.C7( 3)
1.42l±k 3 ( ?)

NCTE 1
NOTE 1
NCTF 1NOTE 1
NCTE 1
NETE 1
NCTE 1

hOTE 13 T11-SE LATA FPLITS VAVE 8cEN LEFT EFF DUE TO HALF LIFE CORRECTIONS
OR CTHER PRCEL0MS ASSOCIATCC U1ITH ARITHEMITIC OPERATIONS kITH < NUMBERS

-_J
(31



TABLE B.69 (cont'd)

NOBLE GAS RELEASE RATES IN MAIN STACK
OATE

NUCLIDE

KR-85M
KR-85
KR-88
XE-131M
XE-133M
XE-133
XE-135

1/ 8
2CzC

:/ 9i2co 12P O
t'ICROCURIE S/SEC CND

I1/16
2000

1/21
1300

',52+.C8 (-1)1. 74+.C If
6:: . .72 (-1

2.011_.C2-C)
2 ,c 2 t ¢•c)

1,32+,03( C)
3,63±."42( ; )
1 .'t&± ell( 0)
1. 02-.Ce 0)
5. ± a.,4 ( 2)4,i]+o17( 2)
9032 .04(C

t 50_ *18 (-1)
7:49±.13t 0)4.34;,24(-l)

<lo4( 1)

I.0, (-1)173_.C¢((i 1)

9.28±1+.2(-I)<5*3( C-
<2.3( ')

NOTE I
NOTE 1
NOTE 1
NOTE 1

1,6 510lf( I))
<2*4( 0)
<5,3(-1)

9 25,1.49( 0)
4.07.08( I)
2.521.0 9( 31
b.28±.03( 11

NOTE 1: 1tESE LAIA FCEITS FAVE BEEN LEFT OFF DUE TC HALF LIFE CORRECTI[NS
OR LTHER PRCELEMS ASSOCIATEC ýITH ARITHEMITIC OPERATIONS kITH < NUMBERS

Co



TABLE B.69 (cont'd)

NOBLE GAS RELEASE RATES IN MAIN STACK
OATE
TIME

NUCLIDE

KR-eSMKR-dr5
rR-8 a
XE- 311,
XE-133f"
XE-133Y Z- 13 5

11~2
12Lc

1/23 1/2U

P. I CR CC LRI -SI/S EC CN;D

120 1/26
12C0

2,;1±.9(. C)

12.4 *C4( 3)

2..34_.CJ.( j.)

'2.2(-l)

3.6÷+.tt( 0)
3,6S•_.,.4 ( i.•)

! 7_1.13(-l )7y +_,.72(-1 )
<A1,( 2),j..36+.c6(O0)

d,021006( 2)
4 32t.,04( 0)

4.15+.12(-1) 3.871.41(-1)2053 . 1 - ) <€2o;5( 0)
4,.24 o58 (-1) <6*9f-l)
6.1.62.3(-1) 9,43_j1.9(-1)
2 64±.C'i( 0) 1.797.07( 0)
32.'b .,IC( 2) 123:.,18( 2)..6 66 .,C4 ( ) 3001T.04( 3)

NOTE 11 TF!-SL CAIA FCI'TS ýAVi EE~t LtFT CFF DUE TC HALF LIFE CORRECTIONS
CR CTHEF PRCELtMS tSSCCIATEC ýI1r1 ARITHEMITIC CPERATIONS hITH < NUMBERS

•ob



TABLE B.69 (cont'd)

NOBLE GAS RELEASE RATES IN MAIN STACK
CAT E
TIME

NUCLIDE

KR-85M
KR-85
KR-88
XE-131P
XE-133P
XE-133
XE-135

1127
12iC

112812L;0 I nL

'I CRCCLUFI ES/SEC END

1/31
1200

2/1
.1.7 3(ý

1 . 55±oC2t C)
<3,7(-1)

1.091± l(-I)

2 98;:6-( 3)
I.12±.ci( 1')

2*95±,(*-5 (-I)
9.,P(-'t)

5 + *36 (-)

4 ,b±._4( 0J)
3.93?.21( 2)
6,2.,06t (U)

1*741,03(-1)
<5,4(-2)

4 321.4Z( 2)
2. ±jO I( 0)

4.7+,±.C9(-I)
3 57±.231(-1)4. 2!ý.35 (-1)

<4.(9( C)
7.55±.C2( 0)
5.09±.C6( 2)
1 !)C +..C.3 11)

<3,C( I)
(3,7(-2)
<101, ( 3)

NOTE 1
NCIE 1
NOTE 1
NGTC 1

NOTE 12 THESE CATA FCINTS FAVE BEFN LEFT OFF DUE T[ HALF LIFE CORRECTI[NS
CR CIHER PRCELEMS ASSCCIATED 1ITH ARITHEMITIC OPERATIONS WITH < NUMBERS

I~



TABLE B.69 (cont'd)

NOBLE GAS RELEASE RATES IN MAIN STACK
Z/ 7 2/ 322CC0

t'ICROCiRIES/SEC EhD

DATETIME

NLCLI)E

KR-5M
KR-85
KR-bb
XE-1?1?
XE-133P
XE-133
XE-135

Z/ 6
12C C

21 9
12CO

21101•000

NC1E 1
<!2.t(-3)

•.29_;.O2 ( ~)

3 4Q.+,39(-.L;)
7.5's+.1 (-2)

NtT E I
6.il 41±5(-1)

A,+±.iA3( 2)

2. 721.06 (-1)<1;1 (-1)

!iib+.12(0)
2.74;.3b( 0)1.82:;.04( 2)
4, 31_.._,06()

<302( C)
< 7 7( f.,)

NOTE 1
<6be (-1)

2.921.13( 0)
1.94±,11( 2)
5.42±..3( 0)

'I,1(-199,.<9±,87(-1)
~1';(-3)

4bC+,.03( 0)
2.9(l#.C7( 2)
9 .69.05( 0)

NOTE 1i TI-ESE GATA POINTS FAVE BEtN LEFT .FF DUE TO HALF LIFE CORRECTIONS
O• CTHER PFCELCMS ASSOCIATED ýITH ARITHEMITIC OPERATIONS WITH < NUMBERS

-"a
IA



TABLE B.69 (cont'd)

NOBLE GAS RELEASE RATES IN MAIN STACK
2112 2/13

PICROCLRI ES/SEC END

CATE71ME

NUCLIDE

KR-185

KR-88
XE- 1EIP
XE-133M
XE-133
Xit-135

2/Li210C 2/14
ICCc

2121
12ct

3.6(±.35 (-I)'9.t (-3)
2.9.3(-I.)

52,eb34E( 2)

.~.4( C<2,1( C)

2.:b!.i1( 2)
2.66±(5( 1)

1032±.03(-I
2.31+.1(:( 0
1.27 i1 (-)

1.157.04( 0)
2#6410+-• ( 0)

9.52±11 1(-1)
<1 4( 0)
<lC( 'o)

7,7F.+±38( 0)
". 39±.c5( 1)
146±.C3( 1)
..76±C•.2( 1)

4.69,.78 (-l.)
'1o2( 4O)

NOTF 1
NOE 1
NOTE 1
NCTE 1

NOTE 14 TýESE LATA FCINTS FAVE 8EN LEFT CFF DUE TO HALF LIFE CCRRECTIENS
CR CIHER PRCELEMS ASSCCIATEZC ITH ARITHEMITIC OPERATIONS WITH 4 NUMBERS

4ýb



TABLE B.69 (cont'd)

NOBLE GAS RELEASE RATES IN MAIN STACK

I/2E

t I CR.OC LR I ES/Sf-CCN-D

DATE
TIME

NUCLIDE

KR-85M

KR-88
X~E-131M
XE-ll13 3
XE-133

S/ 27
14CC

9.9 C±2 .E (-3)
3.2;* 23 (-1)
3044t±. 5, (-2)

<"*P5t C)
7*3(±c2tc( C)
1427±o!3( 3)

,*A'( C)
<1.1( 2)

4.5,-CI.51C 3)

col



TABLE B.69 (cont'd

NOBLE GAS RELEASE RATES IN MAIN STACK
2123 2124

Cb30 R- E

M I CROC UR I tS/EC END

OAT E
TIME

NUCLIDE

KR-65M
KR-8'
I(R-88
XE-131F
XE-133P
XE-133
XE-135

2122
12CC

Z12c12CC 2/26
14CO

1.1iA±.05( lb.)

2,3g.22( .r.

2..9.2_.0( C)

1.3(±. 36 (-1)

2.2z+.57( .
't.73±oI!( 2)

<1.0() <6902),120. -2

<3.* C -!I <103( 1) 1 • -
! 97+,!I( 0) j05'+,C6( 0) 3 74!:39( 0)
5:201.04( 0) 2o3c-±.¢C( 0) 8o521,1O( 05)
3 37±#4t( 2) 6.b0±.02( 2) 6.65±.11( 2)
t.2•±,C"' 0• ) E.Oe01.12( 0) 8.331,05( 0)

l
-,a



TABLE B.70

GASEOUS 3H

FOR SAMPLING STATIONS

SPECIES AND RELEASES

SYSTEM1 #0-#3 AND THE MAIN STACK

--4

Off Date

9/27

10/12

10/26

11/9

11/20
12/7

12/21

1/4

1/18
2/1

2/15

3/1

3/13

Sta #1
vCi/sec

2.0(-3)

4.6(-3)

1.1(-3)

2.4(-3)

2.2(-3)

1.3(-3)

Station #2

I=c Oxidizable

Station #3

zMC i/sec Oxidi zabl e

4.3(-l)

4.7(-1)
5.9(-l)
5.7(-l)
1 .30

1.60

1 .40
1.10

4.3(-l)**

9.6(-2)**
l .o(-i)**

0.0

0.0
0.1

0.3

0.0
0.0

0.0
0.0
0.0
0.2
0.0

9.2(-1)

4.2(-1)

4.1(-l)
4.3(-l)

2.4(-1)

3.3(-1)

5.9(-1)

7.4(-2)

7.5(-2)

2.0(-l)
9.2(-l)

1.8

1.1

0.0

0.0

0.4
0.7

1.0

35.1
36.0

0.1
0.5

Feeder
Total
ivCi/sec

1.35

0.89

1.00

1.00

1 .54

1.93

1 .99

1.17

0.51

0.30

1 .02

pCi/sec

1.65

1 .54

1.76

1.87

1 .5(-2)**
2.0

2.5

2.5

2.7

2.3

2.3

0.16*

3.0

Oxidizable

3.2
1.5

1.1

0.1

0.0

0.0
0.0

0.1

0.0
0.0

0.0

Main Stack

* Oxidized 3H sampler only.

** Sampler malfunction.



TABLE B.71

3H RELEASE RATES AT SAMPLING STATIONS #4-#8

(uCi/sec)

Off Date Sta #4 Sta #6 Sta #5 Sta #7 Sta #8

2/15 6.4(-1) 4.0(-1) 6.3(-2) 4.5(-2) 1.4(-3)

3/1 8.3(-1) s.4(-1) 6.8(-2) 6.0(-2) 7.0(-4)

3/13 8.2(-1) 9.9(-2) * 4.8(-2) 1.4(-3)

Avg. 7.6(-1) 3.5(-1) 6.5(-2) 5.1(-2) 1.2(-3)

* Sampler not operating

B-168



TABLE B.72

GASEOUS 14C SPECIES AND RELEASES

uCi/sec uCi/sec
uCi/sec uCi/sec % uCi/sec % Feeder Main %

Off Date Sta #1 Sta #2 Oxidizable Sta #3 Oxidizable Total- Stack Oxidizable

10/26 5.3(-2) 65.0 1.18(-P) 0.0 1.71(-l) 1.41(-l) 99.0

11/9 7.8(-3) 81.0 6.0(-2) 0.0 6.78(-2) 6.2(-2) 19.0

11/20 8.4(-3) 67.0 2.7(-l) 0.0 2.8(-1) 1.0(-3)*

12/7 5.3(-2) 70.0 1.13(-2) 0.0 6.53(-2) 1.76(-l) 15.0

12/21 3.72(-2) 0.0 2.2(-2) 34.0 5.92(-2) 1.08(-l) 25.0

1/4 l.16(-2) 0.0 2.2(-2) 79.0 3.36(-2) 4.8(-2) 41.0

1/18 9.1(-3) 0.0 1.64(-1)* 66.0 1.73(-1) 3.6(-2) 61.0
2/1 1.1(-2) 0.0 5.0(-3) 0.0 1.6(-2) 5.7(-2) 0.0

2/15 8.6(-3)* 0.0 4.2(-3)* 0.0 1.3(-2) **

3/1 2.1(-2)* 0.0 5.5(-2)* 0.0 7.6(-2) 1.2(-2)*

3/13 2.2(-3)* 0.0 2.3(-2)* 79.1 2.5(-2) 5.6(-2) 0.0

Avg. 2.4(-2) 35.4 7.3(-2) 16.1 1.30(-1) 8.6(-2) 32.5

* Sampler not operating correctly.

** Lost Sample

*** No 14C sampler installed at System #1



TABLE B.73

ANALYSES FOR ALPHA AND BETA NUCLIDES IN VENTILATION SAMPLES

Sample Date

10/12-10/26/78
10/26-11/9/78
11/20-12/7/78
12/7-12/21/78
1/18-2/1/79
2/15-3/1/79

55Fe

1.8 ± 0.6(-12)

2.2 ± 0.7(-13)

7.0 ± 2.3(-14)

6 3Ni

1.7 ± 0.1(-12)

2.6 ± 0.2(-13)

7.4 _ 0.4(-13)

Main Stack Sample
VjCi/cm

3

91y

5.6 ± 2.4(-13)

<8(-14)

1.2 ± 0.5(-13)

89 Sr

<1 .2(-12)
<6.7(-13)

5.8 ± 3.4(-13)

90 Sr

<4.3(-15)
5.3 ± 3.9(-15)

<4.8(-15)

I

0
Nuc i de
55Fe
6 3Ni
91y
89Sr
9OSr2 38pu

2 3 9 pu
24 1Am
242Cm
244Cm

Analysis of Main Stack HEPA Filter

pCi/filter[n]

10._ 2
1.8 + 0.1
8 ± 1(-2)
2.3 ± 0.8(-l)
6.2 0 04(-3)
1.2 ±0.2-4
3.1 ± 0.2(-4)
8.4 + 0.4(-4)
6.0 ± 0.6(-4)
3 ± 2(-5)

* Not analyzed for this nuclide.

[1] This filter is one of 36 in the filter bank.



TABLE B.74

RADIONUCLIDE CONCENTRATIONS IN CONTAINMENT AIR SAMPLES
qi~A e , 2 1:• Zl> 2 f.

MCOF 1119 i/I0 q1CE
M/COCLFI•$1C.bBIC CENTI METER

CATE
TIME

11118
1030

NLCLIDE

1-132
1-133
1-135
RB-66
CS-1B4
CS-136
C5-137
NA-24
CR-51
MN-54
MN-56
FE-59

CE-6,0
ZN-65
SR-91
Y-93
ZR-95h B- 9 o
MU-99
RL-103
RUD-106
AG-lICe
58-124
58-125
TE-129P
TE-129
TE-1316
TE-.32
8A-139
BA- 140
LA-14O
CE- 141
CE-143
CE-If4

EU-154

NP-i39

-a
"-4

<7.5(- 4 r )

<41,(-10)

<1 4(-IC

<2,b (-1C)

<'..21-iC)

<', .- (-1IC)
'<.,21-11)
<let (-1! 3

'2. 7(-I( )

'(., (-11)
'2. 5(-11|

'1.9(-11)
<1., (-iC}

'1.B(-IC)

'62S(-1C 3

13 4.+C(-9)<2.7(- U)

<1.2(-IC)
<t,7(-'2)

'2.:(- 3)

<',4(-'t.7(-' 3

<6.6(-li)
<t..L(-12 3< 65(- 11

<i63(-12)
* o3(-11)

<S . (- -i|
'a.,1(-1: )
'S. it(-12)

<'ýCTtE-l
'2.,2(-Ii)
< 2. (- I

f ,7(- 11<1,2(-i!)

< t:.4({- Li)
<4.*b (- ` 13
<.I.4(-U
'i.8 (-1i)

7 <o - +,2 9( - 11•.

7<.C+2.v ( -1)

<9 (-1i)
'4 .3C-iC))
<-37 (-11)
<3 (-12)

31.5(-10)
<I,34-10)
'< 1 (-l )
<i.1(-10)

<2,6 -12)
<7.3(-I1)
<6,9(-11)'b.b (-11)
'1,.3(-1U)
'5, 3(-Li)
<s. 11-il)
'3.3 (-11)
'3.4 (-11)
'7,8~(-12)
'2.* ;( - L)

'6,C(-ii)
'1. 3(-2.1)
<Lt,3 (-11)
% ., (-12)
'9.91-12)
<l* .4 (-I'!)

'3.7 (-11)

1. 13±.C2 (-9)
<1 9 7 (-IC)too,±;+20 -0O
'3: (-12)
<1.8 (-12)
<'4 1 (-13)

5. 9(-13)
'3.t (-12)
'3.3 (-12)
'<3., (-13)
2.6 (-12)

<'65(-11)
<I. a (-13)
<8.7 -14)
<97 (-14)

60C± 1 .0(-12)
<I"t (-13)
<'26 (-12)
<4.4 (-12)
<9.9 (-13)
<3*9(-13)
<*.6(-13)

1,2(+. 30( -12)
<13 (-12)
' 1.2 (-14)
<6,4(-13)
<3.8 (-13)
<6.1 (-13)
' .1 1 (-10)
<1.7(-12)
<6.6 (-13)
<' 9,(-13)
<'.9 (-14)
<9.2 (-13)
<4,1 (-13)
<'15 (-12)
'1,4(-13)
<1.2 (-13)
<1. (-13)NCTE 1
<2.1 (-12)

1.As (-13)

NtTF 1
NOTF I
NC7E 1
NOTE I

<3*1(-12)
<3.1(-12)
<2.*6(-12)
N]TF 1

<1.6(-11)
5, 804 ,20(-11)NTE 1

<3.61-12)
1 , 8(.30,B(-I1 )

1, 4"0 .03 (-10)
<6:4(-12 )
NOTE INCTF 1

NOTE I
'4 ..o5(-12)
<3.2(-12)
'3.4 (-11)
<2.,51(-12)
<3,2(-11 )1.3¢_+.7 (-12 )

'3,2(-12)
<4 *9(-I)
NCOI 1
NCTF I
NOTE 1
NOTE 1
NOTF I

<8 .2(-17)
N]IE 1

'1,5(-12)
<6.6(-12)

NCIF 1<5.65(-12)
<3,. 1-123

NOIF 1
INME 1
NOTI I

NOTL 11 TI'Sf LATA fCLNT3 iAV- EFNI LEHT CFF DUE TC IALF LIFE CORR`CTICNS
CR [THEQ PFLELc.'1S ASOCIAý.b wITH ARITHEMITIC OPEPATIONS WITH < NUMBERS



TABLE B.74 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN CONTAINMENT AIR SAMPLES

DATE
71ME

NUCLIDE

1-131
1-132
1-133
1-135
RB-88
CS-134
CS-136
CS-137
NA-24
CR-51
MNI-54MN-t6
FE-59
CO-57

ZN-65
SR-9 1
Y-93
ZR-95
NB-95
MC-99
RU-103
RUD-106
AG-110M
SB-124
SB-125
TE-1291g
IE- 129
7E-131M
TE-132
BA-139
DA-140
LA-140
CE-141
CE-143
CE-144
EU-152
EL-154
EU-155
W-187
NiP-239

113213Z.1 1/17
i~cra

1/23
1409

1/24
1545

1/25
1000

P.ICROCLRIES/CUBIC CENTIMETER

!
,ld
"-4
ro

B, <2.Ltc.1 ( -k
<1*.2 (-12)

1.44•.09(-7)
4,2C.*BC(-11)

.7c2(- 111. 15j.C6 (-1)

<2;2(-11)
',CC11-(1)
'2,2(-12)

1. 2t±_.3C• (-11)

<1,t6(-11)
<1,7(-11)
<3,k(-12)<9.b(-le)

'I. EC± *20(d-ii
<3,2(-12)

<3H2-12)3. 8(-11)'1,4(-I1)
<2.. (-ii)

<2.0

<2.2( )
<3,4(-11)<1°2(-11)
'B. 2 (-12.)
<4.C(-32)
'8.6(:(-1; )

'1.2 (-11)
<1o,3(-l.;)
'2, e(-11)
'1, 2(-1(1
'B.,C(-11 )

<8.C(-I1)

2.C04.IC(-9)
hNtTF 1

2s 3C2t 1-0

<7,C(-12)
<i..2(-i0 )
'1.3(-1".
<2.6(-12)

S12 (-9i)

'<3.8(-11)39.5 (-1;)

8 .( +4 (--L2)
<'ý. - 12)

2. 0•2•02 (-1id.)
<11,0(-12)
<4e2(-11)<2,C( -11)
<72.(-12)

'32 ,,6(-11)

<i5 5(-1)<7,4(-g*)

<7.4(-12)
c,22(-11)
'2.28(-11)< 2 i.• ( -11)
<1.3(-.Il)
<2e8(-11)
'1.5(-1 )

.241 (-6)
21.12±+,01(-8)

2 44- 10(-9)
I1. 2.09 (-10)

.5g.1*07 (-I0)

<2;.(-12)'1 .3(,(-12 )

;'3.2(-12)

'it- (-12)'3#2 (-12)<1 08( -_1
<7,4(-11)
<2.6(-12)

.19 30! & C (-11)
<296(-12)
<2,2(-11)
<6.6(-12)
<5,4(-12)
<7,4(-12)
<5,4(-11)
<6,6(-9)
<i .6 (-11)< 290(-12)
<1 .8(-10)

<30 (-12)
<•4.(-12)
<5.4 (-12)
<1.5(A-11)
<9.2 (-12)
<5 .t(-12)
<(.6 (-12)
<1.b(-12)
<6.Z (-12 )

2.0 59; .-Cl1 (-8)
4* 21(-11)

3 93±. 04(:9)
1. 18~+ C 7( (9)

N'0TE 11,68±, C6t(-i)
2.54!.¢7(-1C)

2o90±O80 (-11)
'1.2 (-13)
<141(-13)
<1,4(-10)
<2.2(-12)
<9.0 (-13)
<6,4(-12)
<1.4(-12)
<2.5(-12)<1,*1 (- 11)
<4,C (-11)
4102(-12)<1.1 (-22)

A 3o+': (-12)'1.4 (-11)
'3.5 (-12)
<3,2(-12)
<4,8 (-12)'3.2 (-11)
'9.0 (-10)
<6,1(-12)
<103 (-12)
'7, 3(-11)
<6.C (-12)
<2.C (-12)
'1.8 (-121
'3, :(-12)
'k3.0 (-13)
'5.9(-12)
'3.11 (-12)
(2.4 (-12)
<1.1 (-11)
'3.5 (-12)

3.38+,01 (-8)
<3.4(-11)

7 731 ,04 (-9)2: 0: .,.10c(-Q::)
NIlT- 1

2:230 .*7 (-10)

8. "0T1.0 (-12)3,16i 918 (-10 )
6,00T1,0(-11)

<1.6(-11 )2,0001 O(m12)

<7"4(-11)
<4.0(-12)
<1,0(-11)

1.60±g20 (-11)
<2.6(-12)
<4.2(-12)
<1.5(-12)
<1.4(-11 )

6.3002.0(-12)
<1"*7(-12)

<2#4.I(-12)

<212(-12)
<108(-11)
<3*6(-12)
<3,4(-12)'6,4(-12)
'5,0(-11 )
<1.2(-9)
<1.2(-11 )
<2.2(-12 )(1.6(-10)
<8.2(-12.)
'2.'e(-12)
'2,.2 (-12 )
<9.0 (-12)
<1.1(-11)
'3.6(-1?)}
<3.6(-12 !
<1.2)(-11 1
'4,2(-12)

NOTE 114 THESE LATA PCINTS I-AVE EEEN LEFT OFF DUE TO HALF LIFE CCRRECTICNS
CA OTHER PkCbLiMS ASSOCIATEC WITH ARITHEMITIC OPERATIONS WITH ' NUMBERS



TABLE B.74 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN CONTAINMENT AIR SAMPLES

CATE
TIME

4•LCLIDE

1-131
1-132
1-133
1-13;
RB-e8
CS-134
CS-136
CS-137
NA-24
CR-51
PN-54

FE-59
CC-57
CC-58¢0-60J
ZN-65
SR-91
Y-93
ZR-95
NB-95
RU-103
RLD-1'C6
AG- 11M
SB-12•4
SB-125
TE-129P
IE-129
1E-131M
TE-1ý32
BA-139
BA-140
LA-140(
CE-141
CE-143
CE-144
cU-152
EL-154
EL-155
W-187
NP-239

13 43314 2/ 5
1506

2/ 6
ll2

2/ 6
151C

2/ 6
2205

MICROCURIES/CUBIC CENTIMETER

.. ,I

1,23±,Oi(-8)<1.7(-I1)

2. 17+,7(-9)
Krt IE 1

2i.97±#C2(-1C)3*.,tO.5 (-12)

63. 7(j3L 1-i12

<5.6(-12)

<1.,(-12)
<, +4b(- 12)
'2.1(-12)<I.7(-12 )
'9.7 (-13)
'6,•(-a•

6.7C±.+5C -12)
'1.1 (-ie)
<l.C (-12)
<1.14-12)
'2.74-12)
'i.'l-il
'<.4(-a )
<t,3(-13)
<8o7(-11)
<9,C(-12)
'e. (-is)
'3. 7(-12)
'1.44-12)
<2.94-12)
'•3.3-•22
<1.54-12)
'74, (-12)
'2.1 (-12)

3,* 56±+..1i (-9 )'4.24-•l)

2. C',02 (-9)
9,5 c4,3C (-IC)

1. .± 3" 7 (-12

týtOrF I

1, *..CC. + • 6, C -ii~)

<'.2(-13)
< .12(-10<1,1(-12)
<3,84-!3)

1!. 3:: * *70 (-12)
<Ž: (1 -12 )
<i .8(-i2)

'1.C(-12)

<],.¢(-1l )
'2. •(-i2)

' 3;C(-.22)

<1.t(-12)
<2,C (-22)
'1.74-li)

<?.3(-i3)
<(:.9 (-1:))

<•, 4 (-13)
<i.4,(-12)
'3.,•(-12 )
'2 .C (-12)
'1. 6(-22 )
<4 .44-1?)

2.G9±.02 (-9)
<,> (-10)

! 34+.03{-q )

NrTE 1b,±G .L4ý(-10 )
<3o (-12)

2o 6• ± .02 (-11)

<2,3 -11)
<3;u1(-i2)
<',49 (-10)
<5 t,(-I1)

6.70±2.9(-12)

<6a (-12)
<6.2 (-12)
<2.5 (-11)'b .8 -11)
<4.21-12)
<3,3(-12)

6.40±1,2(-12)
<3.2(-12)
<4.0(-il)
<7.3(-12)
<7.2 (-1Z)
<7.4(-12)
<6 .4 ( -Ii)

NOTE 1<i.7(-11)
'2.1 (-12)
<,: 1(-9)
'4.1 (-12)
<3.4(-12)
<5.4 (-1)'2.5 (-11)
<6.6(-12)
'66 (b -12 )
<5,1(-iZ)
<3,Q(-Ii)
'1 .24-II)

1.61+.(21-9)
<le. (-A0)

1* 30+.('89)
't.QC.40q(-1C)

NITTE 1
1,96±*C7(-I-C)

<3.5 (-12)
2. 74, C9 (-10)b, 3•; 1 ,: _ OI- 11)

<1:6 (-11)
< ,4t (-12)
,c16 (-Ic)

<12C (-12)

<41.2(-12)',ia(-ii)
'4.2 (-12)
<",* 7 -Il)
'5.4 (-12)'1,8 (-11)

<3.4 (-12)
'.4 1.5 (-12)

419 (-12)
<2.C (-11)'5.3 (-12)
'4.,. (-12)

96,. (-12)
<409 (-ii)
Ci., (-9)
C98.(-12)
<'1o (-12)
<2o. (-9)
<8.2(-12)
<2,5 (-12)
<2.2(-12)'4.2 (-12)
<',.6 (-12)
<4'2(-12)

<4.C-(-12)
'1•.4(-11)
r5 C(-2

1 .56±. 1 (-9)
<908(-11)

1,35 .02(-9)

NrtTF 1
1,96+ 04(-10)3.60: 80(-12)
2,977.05(-10)

1.970-11)1934(-11)
'*2.(-12)49,*3 (-ll 1
<202(-12)
46.6(-1?)

6*40±1,0(-12)
<200(-12)
'2 5(-12)
<1.3(-11)
<3 .(-11)
42:C(-12<1;4(-121

7.10.,50(-12)'1".4(-12 !
<1.54-11)
<3.3(-12)
<1.6(-12)
<3.9(-12)
<3,3(-11)
<5,7(-8)
<6,5(-12)
<9g1(-13)
C8,4(-10)
<6 *. (-12)
<1.1(-12)
'1.3(-12)
<2,5(-12)
<5,6 -12)

3*.7(-12)'3,64-1?)<1.9(-17)

<2 o9(-12)

NiCE I 1JFI•E LATA FCIfT- FAVE BELN LEFT CFF DUE TC HALF LIFE CORRECTIONS
6 OIHEI FRLBLIMýS ASSOC1AT.' WITH ARITHEMITIC CPERATIONS WITH < NUMBERS



TABLE B.74 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN CONTAINMENT AIR SAMPLES
21 7 2/ 7 2/ 8 21 9
qcC 1ACR7 91 I3 857

MICRCCURI ES /CUBIC CEN71M4ETEP

DATE
TIME

NUUC LID E

1-131
1-132
1-133
1-135RB-88
CS-134C$-136
C5-137
NA-24
CR-51
Ph-54
iQN-56
FE-59
CC-57
CO-58
Ca-60
ZN-65
SR-91
V-93
ZR-95
NB-95

. 10-99
RU-;13
RUD-_Oa
AG-1100?
SB-124
S8-125
TE-129?
TE-129
TE-131P'
TE-132
BA-139
BA-14O
LA-140
CE-141
CE-143
CE-144
EIU-152
EU-154
E.U-155
W-187NP-23g

2/ 9
105!

1,94(,02(-S)

3.20+5C(-IC)
NhTE 1

2:2C!.AC (-21)'1.6(-12)1, 34*.C6(-j.C)
2. 2C.7C(-11)'1.3{1-)

'1.9(-12)
<3,CI(-19)
'106(-12)
12o2(-12)
<32.(-12)
44. (-12)

44*1(-ll)

'2.61-11)

'1.2(-13)3. LC± 3.7 -12)
41.6(-12)
'c7t(-11)

'3.4(-12)
3E*.(-12)

<4,1(-12)
NOlE 1<9.b (-12)

'1,4(-12)
?•OTE I

'27.6 -12)
<2.71-12)
'2.11-12)
<3.81-12)
'4.61-12)

'2.,t(-12)
'1.4(-11)

1. 2 cisoU (-9)

<'4*(-11)
<A,2( , -9)

5. 3.401(-IC)

1.5 04±,.06 (-10)

2 1.4 (-10)

<2:C(-11)

< t2-12)

<E12(-IZ)
<.,.6(-12)

<1.0(-12)

<2.6(-12)

<•.7(-12)
''.21-12)
'1.61-11)

'.61,•-11)
'4.21-12)
<1.51-12)

<2.~1-12)
<4.6(-12)
'4.2(-12)
<6.61-12)
'3.3(-11)

'4.01-10)
'6 ,C(-12)
<3.11-12)

le 25+*011-9 )
<'100 (-10)1.21-+.C1(-9 )

6.: 50_.,50 1-10)

NVTE 1189+.±j4(-1U)

.2.30±1.( (-12)
2. :1•.05(-1G)S20÷ý. 80 (-li)

1. (-11)
<'19(-12)
'1. 2 (-10)
<5.0(-12)
'7.2(-13)
<Z.00(-Iz)',22(-12)
<'.o(-12)
'2 .f 1-I)

<•,.(-12)
<'4 *(-12)

2 1.71(-12)
<'176(-12)

<7,6(-11)
<6.*C(-12)
<2.1(-12)
<6,4(-12)
<4.4(-11)'7.4(-9)
<'.2(-12)
<i.4(-10)

'694(-12)
'1.9(-12)
<3.1(-12)

'4,.41-12)
'2,7(-12)

'3.41-12)

1, 2 .5.+ k2 ( -9)
'4.0 (-11)

1. 27±*C3(-9)
8,00_ ,9)0.(-iC)

NOTE 1
2. 20±. 10-10)
6.6C!2 .0(-12)3. ZC3. * C 1-IC)
1. 2±+.201(-10)

'3.81 -11)
'5.54-12)'20 . (-10)
'1.1(-12)
<3.2(-12)

1.42 •*C7 (-11)
1 0o+T 60 (-I1)

<"ii(-12)
<3.C (-11)
<qo(-11)
'8.2(-12)
<'53(-12)1.10_+.20(-11)
'<5o3(-12)
'5.2 (-11)'1.31-11)
'1.21-11)
'1.41-11)
'1,31-10)
<9o7(-9)
<3.2 (-11)
<3.44-12)
<O (-9)
<2.2(-11)
'6.4(-12)
<6.Z(-12)
<3.8(-11)
'1.5 1-11)
'1.21-11)
<1,81-11)
'2.4 (-12)
'1.64-11)

1.34±.02(-9)
<7.9 (-11)

1,36to03(-9)
6,204_1,1(-I')

NI!TE 1
1.741.05 (-10)
3.40•s,5(-12)

276.06(-10)7,6f+,1.9(-11 )
'2.9(-12)
'1.31-1A9)'5.1(-12)

<1.6(-12)
5. 90+10 (-12)
5<21G2.2 (-12)

',6.(-12)

25.01-11)
<'.1(-12)

1.2+.1(-11)

<'-.6(-12)
<2.9(-11)
'9*.(-12)
<4.6(-12)
47.6(-12)
6.44(-11)

'9o3(-9)
41.3(-11)
'1.6(-12)
<7.C(-10)
<1.16-11)
<3.7(-12)'4,21-12)
'4.61-12)
'1. 11-11)
'6.°91-12 )
'6.61-12)
'8.0f1-12)
'1.61-11)
'6.61-12)

.NOTE. l JlFSE CAIA FEINTS I-AVE BEEN LEFT CFF DUE TC HALF LIFE CORRECTItNS
O- CITHER PFCELEMS ASSCCIATEC kITH ARITHEMITIC OPERATIONS hI H < NUMBERS



TABLE B.74 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN CONTAINMENT AIR SAMPLES
DAT ETIP•E

NUCLIDE
I.,-l' 3i.I-I31
1-132

RB-68
CS-134

CS-137
NA-24

MN-54P N- -,6
FE-59
CO-'7C C-.• e

SR-91
Y-93
ZR-;5

wNB-95L.MO-9ci
*,,RU-1.03
cAlRUO.106

AG-110P
SB-124
SB-125
TE-129I"
TE-129

TE-132
BA-139
BA-140
LA- 14C
CE-i41
CE-143
CE-144
EU-152
EL-154
EU-155
%-187
hP-239

21 q 2110
614 5

211.
8 : 4

2112
841

3/ 6
1200

MICROCLRI 1c/CUBIC CENTIMETER

<3(.C-12)

NC TE 1

46s41(-lk )
<3.4(-12)
46C01(-12)

i.3{(-11)

'3.C (-12)

'c .4 6 (-e 11
'1. +• C (-12)I

'1,3(-11)
''i.C(-3,1
<5.12(-12)

'6.,11-12)

'c.4(-12)
'b., (-11)
'5.C(-1C I

<E4 .:( -1 2)
(e2.2-12)
'1. t -li)

'e2e(-12l)
'i.I'(-ii)

2 . 4 4 . (2 2
3.0:+,.'•1--1)

<l .a (-12]

4. -.L 815- (12)
C1 .4(-12)

<-'. (-131

<L*4(-12)

<2. 'i-i?)

< ': V`2( -12 )

<i.4(--13)

<1.4(-12)

'1.1( .1-12 )
'?.• (-121)
'4.41(-12)
<2.,41-12)
<1 .3(-12)

<'2.(-12)

7.39±.c6(-9)

7:44+t.04(-9)3 <9: +' 1 "(-9 )
NOT: I

1. ;74±.C4(-10)
1.O• OBC(-12)
2.071 s4(-'iZ)
7.1,;.6C(-11)<1 *(-12)

<2 *0(-12)<r 7(-12)
'3.0(-12)
<6,7(-13)

(3 .21-11)
'43. (-12)
<7.2 (-12)

41 .6 (-12 )
<3,2(-11)
<3.4(-12)

<3 .81-11)

,2 (-12)

<,.2(-1!A)

<7.4 ý1-1 2)

<41,(-12)
<4,4(-12)
<396(-i1)

<996(-12)
<3.4 (-12)
<1,2 1-10)
<7,4(-12)

<2,6(-12)<7,3 (-12)

<3s 4(-12 )
<2,4(-12)
<902'(-12)
<4o2(-12)

8. 281.05 (-9)
4103(-11)8.08±.C6(-9)

3.Or'+ s10(-9 )
NOTE 12:.11+.ot6 (-10)

3. 00±1.7 (-12)
3,06-±.,(7(-IC)
c6.90±1.1(-11)

42et (-lI)
4306(-12)

<80 (-13)
<2,6 -12)5. 5c±1.8 (-l 2
<3.C (-12)
<2.8 (-11)
<'62 (-11)
<4,C (-12)
<1,*(-12)

d.3Co8'0(-12)
<,6.(-12)<1,*71-11)
<634(-12)43,6(-12)
<5.4(-12)<3.61-11)
'1.0(-8)
<2.2(-11)
<1.2 (-12)'1.11-9)
<4,2(-12)
<2.4 (-12)
4242(-12)
'c45(-12)<9.5 (-12)
'4.6 (-12)
'3.6 (-12)
'2.1(-12)
<1.3(-11)
<3.3(-12)

5011+€011-11)
Nt-TE 1
NCTF 1
NOTF 1
NOTE 1

8 •26,108t-10)
5.3C*1.1(-12)
1 22_.02(-9)

NOTE 1
<8,5(-11)

2.90+1.0(-12)NTET 1
<5*8(--l?)

<4,C(-12)4,e2C+1o3(-1Z)
t398(-12)
<792(-12)

NOTE 1
NCT 1I

1.(Co,!00(-I1)
<590(-12)
<4*7(-11)<1,C(-,11)
<4,1(-11)
<5.6(-12)
<2 3(-145)<4,1(-ll)

NOIF 1
NOTF 1
NOTE 1
NOTE 1
N, CTE IIC.2.f,0(- 1 1

46.8(-12)
<1.2(-11)
NCTF 1

<.3,3(-)11
43.7(-11)
<4,1(-12)

NCTF 1
NCTE 1
NOTE 1

NOTE 1: THESE DATA FCINTS I-AVE 8,EN LEFT OFF DUE TC HALF LIFE CORRECTICNS
p ETHILF FRLBLEMS ASSOCIATEC WITH ARITHEMITIC OPERATIONS IITH < NUMBERS



TABLE B.75

RELEASE RATES IN CONTAINMENT STACK EXHAUST
DATE
TIME

NUCLIDE

1-131
CS-134
CS-136
CS-137
C-14
H-3
CR-51
MIN-54
FE-sq
CC-57

N-65
ZR-95
NS-95
RU-103
RUD-1,06
AG-11OP
SB-124
SB-125

w BA-140
I LA-140
.ICE-141

oh EU- 152
EL-iS'

10/27
122 5

1i/ 9
91e

11/20
1645

12/ 7
1225

t'ICpocupiEs/sECCND

5,2C+,7C(-t)
KrilE 1

1 * * &e(-5)

1.C8.C44 ()
N CTE i

<107("11
<eg(-7)<2.1 C-?)

'5.2 (-7)

NOTE 1
43,4(-61
'<.7 (-7)

'<3.(-6)
<2., (-6)

<3. 1(:- )

Z:4±., (-.5 )

7. 6,, .40 (-5)

<~ 2( 4

(. .C7(O)

I*bC±<63 (-6)
<*3 (-6)
<5.2(-6)
<e.2(-5)

<2.2(-5)

<1.3(-5-)
<I.02(-C)

< 3• -•

<.. - )

i,11,5(-b)

<*9 (-7)e6013.7(-7)

3.90±.Z0 (-1)
1 721,07( 0)

<63• (-b)
<1,1(-6)
<7,e.(-7)
<8 2 (-8)

<3".0 (-7)
'7.1 (-7)
<6*7(-7)< 7,96( -7)
<3.3(-5)
<4*1(-7)06.3013.7t-7 )
<697(-7)
<2 *6( -6)
<Z.3 C-)

<4,8(-7)< I,"V(-6+)

2.,+1.0 (-6)
<'1 (-6)'I.81-6)
<1.41-6)

1.112 .#4(-1 )
1, 80,10 (-1)'1.8 (-5)

<'26 (-6)
3.9: 3 01.3 (-7)

<4 1 (-7)
<2.5 (-6)<3, 5 (-6)
<9.3(-7)'<1.2(-t)
<1.7 (-6)
,.1 7(-6)
4.1 (-6)

<49 1{6

<1.8(-5)
8.6ý,±2.6 (-7)

<4 . 5(-6)

NOJE 1: THESE CIA ~FEINTS FA-E 6LEN LEFT OFF DUE TC HALF LIFE CCRRECTICNSCN ETHER PRCBL.LM ASSCCIATEC WITN AR/THEMITIC UPEPATIONS WITH < NUMBERS



TABLE B.76

ACTIVITY RATES IN CONTAINMENT PURGE EXHAUST FILTER INLET
IC/3C 1/9

15'4 94J

lCQ0CLRkIES/SFCCND

DATE
TlMc

NUCLIDE

1-131
1-132I-1•3

A-135
CS-134
CS-136
CS-137

CR-51
MN-54

FE-59
CC-57
CO-6C

SR-91
Y-93
ZR-95oN B-9•,

IA. C'-99
RL-1C03
RUD-lOb
AG-IOP
S B- A' ?_
S 8-125
1E-12';t
TE-131P
7E-132
8 A- 1 It
LA-140
CE-141
CE-143
CE-144
EU-152
EU-154
EL-155
6-187
hp-Z39

S. Ic.C (-

'3.2(-{ )

,.Ii (-6)

(5,e(-' )
4 .3(-6)

<',.(-6 )
2<C,+&.3(-6 ]

<3C-6 )
'5:.5 (-6 )

<t,7(-5 )

< E (-4)

'<7.. (-6)

61 C 2 Cc)

'2.,5 (-6.)

'4,E(-6 )
3 c (-6)

44.2 (-6)
387- 2
'1 3C-

<7.. 4-
<7.4(6
<65- 2

7994q**(4(-3)

'<1T4(-3)
I.-, 2±.C-5 (-2)

3+. (-4"
<3.1(-')

1.3: .d1. (-4)
<•i2 (-4)

'2,'[ -5)
'2,* .(- ci
<t ,&(-3)

* o (-6)
< *,C (-6)

'3 .2(-•)

'c(.I(--)''., (-t4)

4 C CC (-b)'37.2(-6)

< 2, ( ..

'7.1., (-c)

''.1 (-5:)
'2,C(-•)
< I,2(-5)
'3., (-6)
'i1, (-s•)

7s 74_+,ob7 (-3)
NrTE 1

NtT! 1
NCTE i

7%' *. ± (-4)
',:ý0_3 C (-6)

C• ,(-3)

< E I

<7.2(-6)
<'22(-7)

" 1 ,5: (-5 )
<8e3 (-6)
<6,5(-3)
<1 *4(-2)<b , 5 (-6)<6.,!C-b)
'4 * 2. (-6)

V%.( -5)<5*- ,(.-6 )
<45 5 -5-)
<9'b(-6)
<5.4 (-5)
< I oi -4)
< (-4)

<1 ,L (-5)<2 A,i(

7.5 (-6)

< 3 (-5)

<Zo.2 -b)

NCTE I: lHMSc CAIA EiL!T' HAV; B• LEFT CFF DUE TC HALF LIFE CORRECTICNS
tý ETHER FFLE.L-S ASSC-CIATEL .ITH ARITHEMITIC oPERATIOINS WITH < NUMqERS



TABLE. B.77

ACTIVITY RATES IN CONTAINMENT PURGE EXHAUST FILTER OUTLET
DAT%
TIME

NUCLIDE

1-131
1-132
1-133
1-134
1-135
CS-134
CS-I136
CS-137
NA-24
CR-51
PN-54
M4N-56FE-59
CC-57
CC-58
CO:6ZN-69
SP-91
Y-93
ZR-95

w NB-95
' MC-99
-4 RU-103
CO RUD-11t

AG- 110
SB-124
SB-125
TE-129M
TE-131P
TE-132
BA-140
LA- 14
CE-141
CE-143
CE-144
EU-152
EL-1i54
EU-155

2-187NP-239•

1C/3C
1534

1II o
958 9 4

<'.11-3)7." 2 1, -5)
NUE1<7,e(-1i

'3.7(-6)<2o•,( f!

<'.2 (-5)
<',.{-5)

<2*9(-5)

'2.{6-6)
46.:P(-3)

'4.7 1 -6)

<1.3(-5)
'2,51-5)
<3.41-5)
'6.C(-6)

<203(-r,)

<,e('-6)

'2., (-6)
'2.31(-5)
'A..2(-6)
'5.6(-6)
'9,7(-5)
<3,1(-'5)
<1or1-6)
'b.c ('6 )
'2 . 2 (-6)

<i.C (-.5)

<4,51-6)
'2,31-5)

tl.lCROMbRIES IS EC ONOL

NtTE 1
<1" .1-4;) 2,30_+lo0-5)
<3,7 ) NI•TE 1
<119(-4) <190(-3)
<1• 6(-61 NIXIE 1

<•.5(-e2.'.0±+- 8(- (-5)
<P.,7(-•)<4,3(-5)

3.,C±1.0(-5) 2<3,454(-5)
<'1|-3) t.TE 1
< 1. 1 (-4 <1,3(-5)

1 5 4•0 (- 6 1 <3.8(-6)
<2*(-5) 1.601.20(-4)

1. 4)Z+.2O0(-4)<3"•2 <1"6 (-5)

<7.8(-4)
<2,5(-4) <7,'(-3)
'2.6(-6:) <9.4(-9)

< -8.6(-6)
<405(-6) <5.51-6)
<..5(-6) <1.6(-A)
<*C.2 (-50) <6.2(-5)
<5o2(-5) <'o3(-5)

<i.^(-6) <1.6(-6)
< (-5)< -5)
<2.C(-5) <7.u(-6<2.0(-6) <.71-6)

2,(-'.) <3.0(-5)
'C.7(-t) <1.9 (-5)
<2.7(-t) <7,*(-!)

<61,V-6) <2,3(-5)
<-a,4(-9) <2 63(-5)<-.o. (-5) <b.b (-6)

NCTE i1 THESE CAT FCINTS I-AVE BEEN LEFT OFF DUE TC HALF LIFE CORRECTICNS
OH CTH.ER FRCBLEMS tSSCCIATED WITH ARITHEMITIC OPERATIONS WITH < NUMBERS



TABLE B.78

RADIONUCLIDE CONCENTRATIONS IN CONTAINMENT INTERNAL CLEANUP SYSTEM INLET

11/ 2 111 /

M1CROCLRI•1.S ICUBIC CEITIMETEFP

DATE
I1ME

N'LCLIDE

1-131
1-132
1-133
1-134
1$-135
CS-134
CS-136
CS-137INA-24,
CR-51
MN-56

FE-59
CC-S 7
CC- 58
CC-60
ZIH-.65
SR-91
Y-93
ZN- 95

14.C-99

SB-124
58-125
IE-12 9
TE-13i1"
TE-13Z
BA-140
L A- 140
CE-I1d
CE-i'.3
CE-i',•
EL-152
EU-154
1-187
NFP-239

L C
.2)

2)

.)

.2

6 2Z!± 3(-1C)
ql 1 c,5• (-i0
.•5 3(-7)

9,3,. Z,2( (-123)

4,7C_*, 0 (-.&)

f7 A.(-13)

'5,2(-i})I•,03(-14)
2 ý(Q . 8(-13 1

o 2.(- 13)

.I3 (-13)

e f (-12)

< 2 t (11)
E 9 (-134

<4,7(-I31

<2.6(-13)

' i.1(-13 3

< .2 (-i3)

<2of. f-12)
I oc (-13!

<11, q(- 13
< 1,*(-13|
< 7 oZ( -13)
<4o2(-13)

< -,01 (-12)
< -,.1( -13)



TABLE B.79

RADIONUCLIDE CONCENTRATInNS IN CONTAINMENT INTERNAL CLEANUP SYSTEM OUTLET
DATE
TIME

NUCLICE

1-131
1-132
1-133I-124
1-135
CS-134
CS-136
CS-137
thA-24
CR-51
MN- 54

FE-59
CC-57

Zl-65
SR-91
Y-93
ZN-95

w NB-95
'a PC-99

co RU-103
o RUD-lQ6
AG-1Gt?
SB-124SB-IZ5
IE-129F
1E-1311'
IE-132
BA-140
LA-140
CE-141
CE-143
CE-144
EU-i5z
EU-154
W-187
NP-239

111 2164'

2: .,Cb (-11)
<*o l(-12)

2,1C±,3C(-1i)

'3t 2(-1I.)
3*.c+.1.r (-13)

_e .(-1 2)
<3.7(-14)

74.3-1(-14)3,¢CC_.5C (-13)
<1. 3-13)
'1. 11-13)' 1.5 (-12))
'1.'w-1 )
'3.4(-14)
'1.,3(-13)
<iC(-1.3)
'1.• (-13)

'l.C (.-13.).
'i -13)

'2.', (-1.3)

'2.4(-13)

'3(-15).
'1.11-14)
'3.7 (-1'.)
<7.11-14)
4i.U,-14 )

lII 9154

MICROCLRIES/CUBIC CENTIMETER

3a9 a.C, (-11)
<14(-!ý.)

4*2C+.20(-11)tFtlE 1
<t.*(-12)

4:V±a 5C (-13)126'Q .02 (-lI)
1- 4 * * ( - 12)
'3.3(-14)I,5, +.40 (-13)
< '661-10)

< 04ý(- 7)
<',3.(-14)
<A,21-15)
< e" (-13)

<E9(e-13)

<10C(-14)<•.9(-14)

'2.61-14)

<E.8(-13)
<1o4(-12)
'1.41-';)
<1.8(1-2)
<'..6(-13)
< l,.,•(-13)
<i.11-12).

<2.01-13)
<3.4(-13)

'2.01(-13)

lNCTE 19 IK$i5E k LATA PCIINTS I-AVE BEEN LEFT oFF DUE TE HALF LIFE CORRECTICNS
CR 07HER Pf[2LPMS ASSOCIATEC WITH ARITHEMITIC OPERATIONS WITH < NUMBERS



TABLE B.80

NOBLE GAS CONCENTRATIONS IN CONTAINMENT AIR SAMPLES
DATETIP{:

NUCLIDk

AR-41
KR-85M
KR-65
KR-67KR-86
XE-131P
XE-133P
NE-132
XE-135t
XE-135
XE-1?7
XE-138

E/ 7
14C f'

.11 8113C. 1127 10112
I 6C E

1C126
2010

MICROCLRIESICUBIC CEITIMETER

2.tC,.7C (-ti
t. 6C9.3t. (-6)

<2.• ("6)

a1(I._C,1(4)

<e, - )

5 .1 f.eO (-6)
9 'A. 7( (-6)

5,CC!2,0(-6)
<7"*4(-5)7o•l#C.° (-5)

6,9Ct.0 (-3)
5,(.(2,C (-6)
1<4C1,.1C(-4)

00!1(-6)6 4,; . 6k.- f-6
2 ;3 ( -6 )

<8 4 (-7)

7.40+.6C•(-5 )

"1 .16(-6)
•,634,2C(-5 1N< T1 1

<4e1(-7)

9830, -.5 (-70 4 ,OC30(-6)
<31,(-6) ":30.± 90(-7)
< 1 0 (-6 < z(7
.,#8(-6) 'C3,o0 (-8)<7,* {-6) <(3,C(-"7)

7.±:.2C (-4) 2.6C,±.1O(-5)
7.3CQ.50(-2) 1,92.1(%4(-3)<5.1(f-6) <b.2(-7)

NNE 1 <3,9(-7)
43se(-C)NCTE 1

hCTE 11 TtESE CAIA PCIITS t-AVE BEhN LEFT CFF DUE TC HALF LIFE CCRRECTICNS
C. LIHER PRCELEMS AS•UCIAIEE iUTH ARiTHEMIIIC OPERATIONS WITH < NUMBERS

w
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TABLE B.80 (cont'd)

NOBLE GAS CONCENTRATIONS IN CONTAINMENT AIR SAMPLES
1/ 9 2/ 9 2/ 9 2/12

MICRCCURIESICUBIC CETIMETEP

DATE
TIME

NUCLIDE

AR-4u
KR-8-SM
KR-b5
KR-87
KR-88
XE-131P
XE-133P
XE-133
X E-135 P
XE-135
XE-137
XE-138

2/13
845

<t462(-7)1.7(±+.1E ('-t
<c3ec-5 )<3.2 (--H)

. 1C±.÷7C (-5)

.C .'C (-3)<2*0i't )

. 7Ct.2C (5)
K TE 1

3.6C±.70 (-b)

<-301-5)<1.C(-7)
'3.2 (-t)

4. 1(1O(5
2 ,?4. ± . ,30 (-5)

26 .•÷06 (-3)
<26*7-6)1.984+ *Lb (-5)

PLUTE 1

NOTE I
<6*4(-6)
<1.5 (-4)

NSTE I
<4o6(-4)

2.1•5°.v0(-5)

NtTE 1
NCTE ".

6. 00±1 .7 -6 )<:6.6e (-7)
<1.5 (-5)

<6.9(-6)

2. 80.± 30 (-5 1
2 41+±C7(-3)

<6.*4 (-61
20 10+ 410(-5ý)

NflTE 1'2.61-5)

'3.7(-6)
<8.6(-7)
<6.6(-5)

<1 .2 (-6)
<. 0 2 (-5)

1*1140.5 (-3)
NflTF 1

8. 1C+.70(-6)
NrTF I
NCTF I

NCTE I Th.ESk £EA7 FCP1TS I-AV- BEEN LEFT CFF CUE TC HALF LIFE CCRRECTICNS
OR CTHER PFRBLEM-S ASSOCIATEC WITH ARITHEMITIC OPERATIOtS WITH ' NUMBERS
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TABLE B.81

NOBLE GAS RELEASE RATES IN CONTAINMENT PURGE EXHAUST
CATL

tUCLlDE

KR- M 5

XE-131P
XE-133P
XE-133
XE-135

iC/24
iro 41

IC /2.
143C

1.1/361130 .10CC it/28
1000

I"ICKOCCR P ES/SECOND

<'7,2 C-i)

1 .7e81 03( 1
I 2.tE..1( 2)

11 C2 ( 1.)

-912+2.5 (-1)

.2t_,72( )

.25±.c7i( 3)
1.11..C.1C 1)

lo4 +*.L8f 0)
<?It( C)
<3.4( C)

'to I; _ .3CC 0)
2 Z50.19( 2)
2 717 ';.0C9 ( 14.)

<3;; ( 1)
00o,17( 2)

127 K._8( 2)
2 76;',C2( 2)
1:42';.C!( 4)
11 8 'TI.4 C 3)

2.4p+,t2( 1)
<5.15(-2)

5:7C,+27( 0)8 2912.6( 0)

2 3b,±03( 1)
1:34±,019( 3)
1177;. 3( ?)

coca,



TABLE B.81 (cont'd)
NOBLE GAS RELEASE RATES IN CONTAINMENT PURGE EXHAUST

DATE
TIME

10/29
140.tt iciac~ 13100'lIeO 11 1

11 C.4
11/ 2

1500

NUCLIDE

•KR-85M 1.77_OC2 ( )
KR-85 43,6( 1)• KR-d8 4. 321 .IC ( Z)
XE-131M <SO( 1)
XE-13314  7:42.±.21C 1)
XE-133 2 5'4e1.ltut 3)

MICR 0C URI ES/SEC CND

1. 341011( C)
<1.6(-3)3. 3C+.11(-1)
C1"1 (-2)

. 4'_+.13 (-1)
3. E0±.15( 1)
5.3A7,O6( 3)

04.07 ••( 11
<1 .9(-2)

3070±o0.r5'( 2)

5..64±.C5( 1)<1"04(-l)

2.32.±.10( 1)
<9•5 (-1)

3o92,C6C( 1)
1,63±.09( 3)
3.86±OC5( 2)

44,3( 0)
1.1861.02( 2)

<2.4( 1)
4.76±.02( 1)
1* 551:01f( 3)
4.o4(0 03( 2)

w
..d



TABLE B.81 (cont'd)

NOBLE GAS RELEASE RATES IN CONTAINMENT PURGE EXHAUST

CATE
TIME

NUCLIDi

KR-85M
KR-65
KR-88
XE-231P
XE-133P
XE-133
XE-135

111 3
'icc

111 4
2 i00

ii, S
~

111 6.
li0

ll/ 7
18 3t

PICROCURI1S/SECCND

(3 ,4( 1)
1841,23( C.)
CC410Ct~t C)

3.I1±.03( 0)
<4*7(-l)

4.13+.30( 0)
<26( C)

7,61.±923( C)
3. t."16 ( 2)
3*49_+,*04( 1)

,.37+.03( 1)
<3 aAo( (9)

6,20 18( 1)
'c2 ei( C)

6.33±._7( 0)
2. i4;.t,9( 2)7.63±.,13( 1)

'1.7( C) 8.89+.26(-l)<146( ul) '(2 C{ (-II )
<2.5( 2) 1o21 .08( 1)

451.19 0) 1,961.03( C)
1.9i±.IC Z) 8.371.57( 1)
2 , 4!..C4( 1) 1 .C8±.100( 1)

w
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TABLE B.81 (cont'd)

DATE
TIME

NUICLIDE

NOBLE GAS RELEASE RATES IN CONTAINMENT PURGE EXHAUST
11/ 8 11/ 9 A.i/Il)
12CC 220C" 121;

SI CR.OC LRI ES/SECCND

1/1212O('

KR-85M 1,88± 1i ( A)•KR-85 <4,z( C)
KR-B8 42*6C C)
XE-131M(
XE-133M . 1iC1,9(-1)
XE-1•3 1.2l1.C9( 1)XE-135 i9211 ,cg( C)

1.CE±.C4( 1)
<6.5( C)1.5Eo26( 0
7:1ý116(0)

1i.4Q.05 ( 1)
6.011.44( Z)9 .Z _; .Q5 ( ( I)

3.16C 0)<" 0. ( 0)
2.9411.5( 0)

3,09.,2kA 0)
1.461,1( 2)
Z.441.1i( I)

4.04±+,20 ( 0) 4,05±192 -1)4,. 3 3j. so0 (-i < 1 0e ( - I)
<6,f( 0) '1.4( 1)

3:iCc. 25( 0) 1.45 .08( 0)
1.03±.C1( 1) ',27;.07( 1)
4 521s26( 2) 2.17_;,15( 2)
5.31±.*C31 1) 1.32+,.C1( 1)

w
Co
on



TABLE B.81 (cont'd)

NOBLE GAS RELEASE RATES IN CONTAINMENT PURGE EXHAUST

CATE
LME

NUCLIDEJ

11/ 1
12..-C

11fl4
1 4~( :2 jji

11/16
12 OC

11/17
12O0

r I CRFUCL 1I ES/SEC CND

IKR-8M go8.C' M'
KR-85
KR-88 3.t4+!1'( j)

XE-131P 7. 35.7' C-!)XE-1533 2,501,4ý3( C)
XE-133 i•, -I_,¢e( Z)
X E- 13 5. I,12_ ,Cl ( 1)

'1.3C 19()

v.' ETI.6 2-I341.3( 7 1<1.73.C(1)
I .7I_±,Li 3I)
4.6, ±.C_ ( 1L'( )

1.981.16( 0)

<2"15 ( 1)

1!38t.02( 3)
. 39±_ 1:0( 1)

<1,9(-2)
6.79±.94 (-1)

'9*.4-2)
2.75_±.t1( )o
6:91±.C5( 01)
4,37±.17( 2)
6, 10±.C2( 0)

<3*4(-1)
<102(-1)
44.3( ')

5,e',27(-1)
8.57, - (-1)7.53Z1.031351 1)



TABLE B.81 (cont'd)

NOBLE GAS RELEASE RATES IN CONTAINMENT PURGE EXHAUST

LATE
TIME

NUCLIDE

KO-e5M
KR-85KR-ee
XE-1311,
XE-133P
XE-133
XE-135

11/ 8
12CC

11119

t'ICRoCUP .1I SfS EC ClD

11121
9CC

11 12A
12ic#

(A. 3(-2)
1 711.22(-1)
2:32±.C6 (-!)
2.9C*.,2( i)i:511.13 (-2)

'1.9(-2)

9.2_+138( 0)

b671± 22( 2)1.79_±.05 -1)

1.1 ,(-2)
<5.3(-2)

9 Oe+1.4( 0)

e.6b±.27 2)

<1.5 (-2)5,30+.76(-l)
'6.4 (-2)

78 1±,2C(-1 )
2e22±.•b( 2)

<'19 (-1)

4.17±2.1 (-3)
<1 7 (-1)'t,5(-7)

1 51L.19( 1)2 17.±,87(-1)

00!0



TABLE B.81 (cont'd)

NOBLE GAS RELEASE RATES IN CONTAINMENT PURAE EXHAUST
DATETIMe

NLCLIDE
KR-85MKR-65

KR-88
XE- 131M
XE-133?
XE-133XE-135

11/2912CC• 2 /3; 12/ 5
12 2ý

12/ t
12C C

12/ 7
12 o.n

P' I CFGC LkRI LS/SECCND

4.02(-4)'I.C (-2)

± 1 ci.52 (-• J
2 .111.13t C)

< E.4(-2)
7.922.Z. 6-')
7.3't*.20 C-.)
6 ý. ± ;.6(-3)
5 .2S.';8( 0)

<.1 . C( 2)

<•.(-5)
<10.1(-i)
44 7(-5)

4.42±÷... 7-3)

<.59±.:( 0)
<i . 51-4t)

(4,3(-3)
1.u2±+.C9( C)

<5.9 (-1)
1 83÷€(J)1:431•.43 -2)
491 *15, ( 1)
<108(-B)

<207(-3)
1*62±.0( n)<1SE(-2)

Z06,i*20f-2)

79C6±.43( 1)
<6,4f(-4)

co

to-JO



TABLE B.81 (cont'd)

NOBLE GAS RELEASE RATES IN CONTAINMENT PURGE EXHAUST

DATE
TIMr

NbCLIDE

12/ e
1 2. ",C:

121 9
1 i r

.Ll242 001 12113
1aCc

12 /14
1300

P, A CK.OC LR I ES/S ýC CNO

KR-85M <coc( 1)KR-85 ýi, )
KR-88 4).jA i
XE-131P <2°4(-l)
XE-133.'
XE-133 E.79+.4s 11xE- 135<1 (--1)

<3.7(-3)
.<I5(-1)<Ao7(-21

<70.2(-3)

7.911 .24 (-1)
<198(-3)

<i 06( 0)
<1 .i( 0)
<79b( ,)<5 .2(-1)
<'.'(-2)

4.911.49(-1)
<6.e (-2)

<9.4(-2)
<3.7( 0)<3.9(-")

7.66_±2.6(-1)
<4.7 (-2)

7,5Z+,C8( 0)
<9 s5 (-3)

<3*.6(-')
<t.c( 0)<2,9(-?)

1.17+t.32( 1)
<2.O(-I)

3.o +.17(
S'3C(-2)

toI



TABLE B.81 (cont'd)

NOBLE GAS RELEASE RATES IN CONTAINMENT PURAE EXHAUST
CATE

NUCLIDE

KR-85M
K R-8 8
KR-86
XE-111mXE-J33t'XE-133

XE-135

121?C
3 e4( L

11/147
1 z 00

P~ICR.OCUPI ES/S EC CKD

1/16
12CO

1/lq
12Ce

'.4 (-l)
1i,4

<1.21 Q
(E.7(-I )

t.tj .76 (-1~)

'1.24 1)

< -<Zi,3(-!)

,.33+.31( 3)
C4:64 0)
I(5*( 0)NOTE 1NCTE I

NETE 1
NCT E 1

3.11±.15( Q) <5e6( 1)
<4.0c( C) <2.;( 1)

47o± .2( 0) NCTE 1<1061 O) 5:18+29.1(-1)
3.19±.C6( 0) 5.04'714( 0)
1.61± .C5( 2) 2,3f•_•,O( 2)
1.28±_c2( 1) 1.861.01( 1)

NETE 1 1If-ESE CATA PCINTS -AVE BEEN LEFT GFF DUE TC HALF LIFE CORRECTICNS
0; CIHiP PFEELMS ASSrCIAIEC klTH ARITHEMITIC OPEPATIOGS WITH < NUMRERS
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TABLE 8.81 (cont'd)

NOBLE GAS RELEASE RATES IN CONTAINMENT PURGE EXHAUST

l(C•CA fE
TIME

btX I OL

KR-es5M
KR-85S
KR-86
XE-131M
XE- i33l?
XCE-133
XE- 135

P I CROCLP I LS/SFC CND

'-t( (-2)
2,6"±.q.24, (-1

<3* 7(-l)
2 .'8±.C2( (

)
)

)
)
)

'a



TABLE B.82

REACTOR BUILDING ATMOSPHERE 14 C AND TRITIUM SPECIES

(During Non-Refueling Period)

Date

9/7/78

1/8/79

1/23/79

2/5/792

2/8/793

Oxidizablel1H_ (%)-

0.1

0.0

0.0

2.3

33.3

Total3H (pCi/cm3 )

3.1 ± 0.1(-6)

1.28 ± 0.06(-6)

2.5 ± 0.1(-6)

1.2 ± 0.4(-8)

1.5 ± 0.3(-8)

Oxidizable14c (%)

89.5
83.0
28.0
0.0

0.0

Total
14 C (pCi/cm3 )

2.2 ± 0.1(-6)

1.06 ± 0.05(-6)

6.1_ ± 0.3(-8)

9.6 ± 0.5(-9)

4.4 ± 1.2(-10)

1. Represents the fraction of total tritium or 14 C detected which is
oxidizable to HOT or C02 .

2. Sample taken just prior to operation of the reactor building

A-500A emergency cooling system.

3. Sample taken just after A-500A emergency cooling system stopped.

TABLE B.83

REACTOR BUILDING EXHAUST 14C AND TRITIUM SPECIES

(During Refueling Outage)

Oxidizable

Date

10/27-11/9/78

11/9-

11/20-12/7/78

12/7-12/21/78

Oxidizable
3 H (%)

[1]

0.1

0.3

39.0

Total3H (yCi/sec f2 ]

1.08 ± 0.04(0)

1.30 ± 0.07(0)

1.72 ± 0.07(0)

1.8 ± 0.1(-l)

Oxidizable

[1]
60.0

[l]
89.0

Total
14C (vCi/secf 2 ]

7.8 + 0.4(-2)

1.15 ± 0.07(-l)

3.9 0 0.2(-l)

1.11 _ 0.04(-l)

[1] Not available due to sampler malfunction.

2. Duct flow used to calculate release rate is 78,900 cfm.

B-193





APPENDIX C

This appendix contains certain equipment specifications., plant
information pertinent to the in-plant measurements, and the piping
and instrumentation drawings (P&UD's).
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TABLE C.l

EQUIPMENT SPECIFICATIONS

BORIC ACID/MISCELLANEOUS WASTE EVAPORATOR SYSTEM

Boric Acid/Miscellaneous Waste Concentr

Maxim P/N 91504-01/91505-01

Type

Processing Rate

Feed Composition

Materials & Construction

Design Life

Bottoms Concentration

Distillate Composition

Decontamination Factor

BA/MW Concentrator Feed Tank

Capacity, U. S. Gallons

Design Pressure

Design Temperature

Operating Pressure

Operating Temperature

Materials - Wetted Parts

rator System

Vacuum - Single Stage

30 GPM

100-13,000 ppm boric acid/
miscellaneous waste

304/316 stainless steel

40 years

Normal 4% boric acid,
maximum 15%

Maximum 10 ppm boron
Maximum 0.05 ppm oxygen
Maximum 2.0 micromhos/cm.
pH 6-8

1 O6

Maxim P/N 79014-01/79015-01

Maximum 1200
Normal 1000

15 psig, ASME Section III

250°F

20" Hg. - Vacuum

160 0 F.

304/316 stainless steel

C-2



TABLE C.1 (cont'd)

EQUIPMENT SPECI FICATIONS
BORIC ACID/MISCELLANEOUS WASTE EVAPORATOR SYSTEM

BA/MW Concentrator Feed Tank Maxim P/N
Electrical Heater

Power Rating 9 KW

Material 304 stainles

Design Pressure 150 psig

Electric Power 480/60/3

BA/MW Concentrator Feed Tank Maxim P/N
Heater

Type U-tube

78078-32

s steel

75030-01/75031-01

Fluid

Design Pressure, ASME
Section III (1968)

Design Temperature

Design Pressure Drop

Design Flow Rate

Materials

BA/MW Concentrator - Gas
Stripper Condenser

Type

Heat Transfer Design

Fluid

Design Pressure

Shell Side

Boric Acid/
Miscellaneous
Waste

15 psig

Tube Side

Steam

110 psig

160 0 F. 240 0 F.

0.1 psi 0.1 psi

15,000 lbs/hr. 157 lbs/hr.

304/316 304/316

Maxim P/N 79019-01/79020-01

U-tube

15,000 btu/hr.

Shell Side Tube Side

Water vapor Cooling water

125 psig 110 psig

C-3 1-18



TABLE C.1 (cont'd)

EQUIPMEN4T SPECIFICATIONS
BORIC ACID/MISCELLANEOUS WASTE EVAPORATOR SYSTEM

Shell Side Tube Side

Design Temperature 250 0 F. 250 0 F.

Pressure Loss, Design 0.1 psi 8 psi

Design Flow 15,000 lb/hr. 630,000 lb/hr.

Operating Inlet Temperature 160 0 F. 95 0 F.

Operating Outlet Temperature 160 0 F. 122 0 F.

Materials of Construction 304/316 304/316

BA/MW Concentrator - Evaporator Maxim P/N 91010-01/91011-01

Type HRC-850-A
Single stage submerged tube with
double vapor scrubber

Distillate Rate 30 GPM

Feed Composition 100-150,000 ppm boric acid

Distillate Avg. 10 ppm boron, maximum

Materials.- Wetted Parts 304/316

BA/MW Evaporator Heater Maxim P/N 79021-01/79022-01

Type U-tube, 635 sq. ft.

Heat Transfer Rate 15 x 106 btu/hr.

Shell Side Tube Side

Fluid Boric acid Steam

Operating Pressure 20" Vac 10 psig

Design Pressure 15 psig 30 psig

BA/MW Concentrator - Maxim P/N 79019-01/79020-01
Evaporator Condenser

Type U-tube

1-19
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TABLE C.1 (cont'd

EQUIPMENT SPECIFICATIONS
BORIC ACID/MISCELLANEOUS WASTE EVAPOI

lidFI

Operating Pressure

Design Pressure

Operating Inlet Temperature

Operating Outlet Temperature

Design Flow

BA/MW Concentrator - Distillate
Reservoir

Design Pressure

Design Temperature

Capacity, U. S. Gallons

Operating Pressure

Operating Temperature

Materials of Construction

BA/MW Concentrator - Gas
Stripper Vacuum Pumps

Make

Type

Speed

Connection

Electrical Supply

Design Capacity

)

RATOR SYSTEM

Shell Side Tube Side

Water vapor System coolant
water

20" Vac 30 psig

15 psig 110 psig

160017. 95Or

160 0 F. 1220 F.

15,000 lb/hr. 630,000 lb/hr.

Maxim P/N 79010-01/79011-01

15 psig, ASME SECTION I11 (1968)

2500F. Maximum

100

20" Vac

1600F.

304/316 stainless steel

Maxim P/N 78127-31

SIHI Model CLO 2402KK

Rotary, liquid ring, direct drive
water sealed

1750 rpm

1 1/4" flange

460/60/3

9 cfm @ 20" -.g.-Vac./2600 F.

1-20
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TABLE C.1 (cont'd)

EQUIPMENT SPEC I FI CATIONS
BORIC ACID/MISCELLANEOUS WASTE EVAPORATOR SYSTEM

Operating Discharge Pressure 12 psig

Operating Temperature 160 0 F.

Time Required to Reduce From 30 minutes
Atm. to Des. Pressure

Motor Size 1 hp

Materials of Construction 316 stainless steel

Furnished in duplicate on each system with sealing water

reservoir - air separator and seal water cooler (15 GPM).

BA/MW Concentrator - Evaporator Maxim P/N 78127-31
Vacuum Pumps

Same as Gas Stripper Vacuum System

BA/MW Concentrator Feed Maxim P/N 79023-01
Pre-Heater

Type U-tube, 2-pass

Heat Transfer Rate, Design 1,500,000 btu/hr.

/79024-0.1

Design Pressure
*ASME Section VIII (1968)

**ASME Section lIT (1968)

Design Temperature

Design Pressure Drop

Nozzle Size

Design Flow

Fluid

Design Temperature In

Shell Side Tube Side

110 psig* I10psig**

240 0 F. 70-195 0 F.

0.2 psig 2 psig

3" in 1" out I 1/2"

1500 lb/hr. 15,000 lb/hr.

Steam BA/MW system
feed

240 0 F. 70 0 F.

C-6
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TABLE C.1 (cont'd)

EQUIPMENT SPECIFICATIONS
BORIC ACID/MISCELLANEOUS WASTE EVAPORATOR SYSTEM

Shell Side Tube Side

Design Temperature Out 240 0 F. 195 0 F.

Materials of Construction 304/316 304/'316

BA/MW Concentrator Distillate Maxim P/N 79025-01/79026-01
Cooler

Type

Heat Transfer Rate, Design

Design Pressure
*ASME Section VIII (1968)

**ASME Section III (1968)

Design Temperature

Design P-essure Drop

Fluid

Nozzle Size

BA/MW Concentrator Feed Pump

Type

Impeller Dia. Inches

Operating Temperature

Operating GPM

Operating T. D. H.

Required NPSH

Inlet Connections

Outlet Connections

U-tube, 4-pass

562,000 btu/hr.

Shell Side

110 psig*

450 0 F.

2 psi

Cooling water

2"

Tube Side

110 psig**

225 0 F.

2 psi

Distillate

1 1/2" in
2" out

Maxim P/N 78128-32

Crane GM-7 1/2 L-34H-IS

6 1/2

160 0 F.

200

36 feet

2-3 feet

4" - 150 lb. F.F. ASA

3" - 150 lb. F.F. ASA
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TABLE C1l (cont'd)

EQUIPMENT SPECIFICATIONS
BORIC ACID/MISCELLANEOUS WASTE EVAPORATOR SYSTEM

Motor RPM 1750

Materials of Construction 316 stainless steel

BA/MW Concentrator Distillate Maxim P/N 78128-31

Type Crane GVBS-SK-153H

Impeller Dia. Inches 6

Operating Temperature 160MF.

Operating GPM 30

Operating T.D.H. 115 feet

Required NPSH 2 feet

Inlet Connection .3" 150 lb. F.F. ASA

Outlet Connection 1 1/2" 150 lb. F. F.

Motor- RPM 3450

Materials of Construction 316 stainless steel

BALMW Concentrator Maxim P/N 78128-33

Concentrates Removal Pump

Type Crane GB-I 1/2K-751

Impeller Dia. Inches 5 1/4

Operating Temperature 160 0 F.

Operating GPM 30

Operating T. D. H. 100

Required NPSH 6

Inlet Connection 1"

Outlet Connection 3/4"

- is

A\SA

-H-IS
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TABLE C.1 (cont'd)

EQUIPMENT SPECIFICATIONS
BORIC ACID/MISCELLANEOUS WASTE EVAPORATOR SYSTEM

Motor RPM 3450

Materials of Construction 316 stainless steel

1-24
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FIGURE C.1

LEVELS FOR COOLANT RADWASTE SYSTEM RECEIVER TANKS (T607A AND B)
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FIGURE C.2

LEVELS FOR COOLANT RADWASTE SYSTEM HOLDUP TANKS (T610A AND B)
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FIGURE C.3

LEVELS FOR MISCELLANEOUS WASTE CONDENSATE STORAGE TANKS (T674A AND B)

T674-A TANK LEVEL

-aI

a,

0

9,

o

ro.

N.

0.

a.

1978/1979

11/14 12/1 12/18 1/4
1978/1979



FIGURE C.4

LEVELS FOR MISCELLANEOUS WASTES CONCENTRATE HOLD TANKS (T679A AND B)
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FIGURE C.5

LEVELS FOR SPENT REGENERANT TANKS (T689A AND B)
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FIGURE C.6

LEVELS FOR MISCELLANEOUS WASTE TANK (T667) AND CONCENTRATED BORIC ACID STORAGE TANK (T704)
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FIGURE C.7

LEVELS FOR DEMINERALIZED REACTOR COOLANT STORAGE TANK (T621) AND MISCELLANEOUS WASTE HOLDUP TANK (T993)
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FIGURE C.8

LEVELS FOR REACTOR COOLANT DRAIN TANK (V600) AND BORATED WASTE STORAGE TANK (T250)
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