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I1. REFERENCES (Cont'd.)

11. Nuclear Energy Services Inc., "Shielding Design Review of Nine Mile
Point Nuclear Station Unit #1, Document No. 81A0636, Rev. 1, 1980.

) . Stack Sampling, NMP-1, NMPNS Chemistry and Radiation Protection
Procedure N1-SP-7, Rev. 2, October 1980.

13. Reactor Water Sampling - Suspected High Activity, NMPNS Chemistry
and Radiation Protection Procedure N1-PSP-10, Rev. 0, March 1980.

14. High Activity Drywell Atmosphere Sampling and Analysis, NMPNS Chemistry
and Radiation Protection Procedure N1-PSP-11, Rev. 0, March 1980.

15. Interim Procedure for High Range Stack Noble Gas Release Rate Monitoring,
NMPNS Chemistry and Radiation Protection Procedure N1-PSP-12, Rev. 0,
October, 1980.

I1I. METHODOLOGY

A. Part A - Post-Accident Sampling Evaluation

In order to appropriately determine NMPNS post-accident sampling
capabilities, it was necessary to determine the total doses to be received
by individual. obtaining and transporting the samples. As described in
NUREG-0578 and 0737 (See References 1 § 2), individuals during post-accident
sampling are limited to 3 Rem whole body and 18.75 Rem to the extremities.

The assumptions and/or references used during this evaluation are
listed below segregated into two areas: Source Term Calculations and
Dose/Dose Rate Calculations.

' g Source Term Assumptions

(1) For this evaluation, the General Electric Isotopic inventory
for U0, at 30 minutes after shutdown was used (See Reference 4).

(2) The release fractions assumed in this report are based on the
NUREG-0578 and 0737 (See References 1 and 2) release fractions for
a Loss of Coolant Accident. This release fraction consisted of
100% Noble Gases, 50% Halogens and 1% core solids being released
trom the core inventory to the reactor plants liquid system.

(3) The inventory released was distributed into seven energy groups
to obtzin the mev/sec release rate. These seven groups consisted
of 0.8, 1.3, 1.7, 2.5, 4.0, 5.0 and 6.4 mev. respectively.

(4) Since emergency core cooling systesn was assumed functioning,
the inventory released was equally distributed throughout the
Reactor and Torus Water Volume.

(S) Of the inventory released, it was assumed that 100% of the noble
gases and 25% of the halogens were released to the drywell atmosphere
(See references 1 and 2), This drwell air inventory was equally dis-
tributed throughout the free spaces of the drywell and torus.



to
.

(6) Source terms related to stack sampling considered three stack
release scenarios:

a) LOCA with leakage postu ated to the Reactor Building
30 minutes after the accident; Emergency Ventilation
System running and maintaining a negative pressure
in Reactor Building; Emergency Ventilation System
operating at an lIodine removal efficiency of 99.99%
(see Reference 10); No other exhaust fans available
for dilution.

b) Same as (a), but at 24 hours after the accident has
occurred.

¢) Same as (a), but with a drywell purge through the
Emergency Ventilation System at 30 minutes following
the accident; Iodine removal efficiency same as (a).

(7) The predominate sources assumed in the Stack and Marinelli
sagpling flask were mainly noble gases. Iodines were a factor of
10" less than noble gases due to the emergency ventilation system
removal efficiency.

(8) The predominate source assumed in the glass fiber and charcoal
cartridge used for stack sample are lodines. Their collection efficiency
per manufacturer is 99%.

Dose/Dose Rate Calculations Assumptions

(1) Equations used to perform dose calculations were obtained from
T. Rockwell's Shielding Design Manual (see Reference 5).

(2) All piping at sample locations except Containment Spray lines and
Emergency Condenser lines were considered as line sources.

(3) Containment Spray lines and Emergency Condenser lines were con-
sidered to be cylindrical sources due to their large diameters (10 and
12 inch) and because of their proximity to the dose point location.

{4) Reactor Water and Drywell air sample vials were considered to be
point sources.

{(5) The stack was considered a cylindrical source 30 feet high, 21.5 feet
in diameter and containing a 1.25 feet concrete wall thickness.

(6) The dose point considered for the stack was located 5 feet from
the floor and 1 foot from the stack wall.

(7) The contributions to the total dose received from the stack below
the floor was negligible due to the additional attenuation provided by
the concrete floor. In addition, the dose contribution from the stack
above the 30 foot level being considered was also negligible due to
its angular orientation to the dose point location.

(8) The Marinelli sample flask was considered to be a cylindrical source.



IV.

(9) The stack glass fiber filter and charcoal cartridge were
assumed to be point sources.

B. Part B - Post-Accident Sample Analysis Evaluation

Each applicable site procedure was scrutinized to determine whether
indicated processes could be accomplished under the limitations imposed
by the Part A sample concentrations and dose rates. In addition, a sup-
plemental laboratory report was conducted to determine the maximum activi-
ties permitting isotopic analys’ 3 (MAPIA). The laboratory report is con-
tained as Attachment 1 to Part B and provides the basis for the results
recommendation made for Part B.

RESULTS/CONCLUS IONS

A. Part A - Post-Accident Sampling Evaluation

Table 1 summarizes concentrations calculated under the three stack
release assumptions, as well as the reactor water and drywell air iritial
activities at 30 minutes. These are the maximum concentrations expected
under a LOCA condition.

Table 2 summarizes Drywell Air Sampling doses, for a sample drawn
at 30 minutes. The conclusion to be drawn from Table 2 is that the drywell
sample can be drawn, even at TMI-postulated conditons, if justified. Two
teams can be used - one to set up the equipment and one to draw the sample.
This allotment of tasks would lead to approximately 2 Rem exposure to each
individual. Alternatively, the current procedures may be considered ade-
cuate for obtaining a drywell samnle at 50% of TMI postulated activity.

Procedure revisions identified in this review include:
1) Provisions for communication should be made with this procedure.

2) Provisions for the utilization of SR and 50R dosimeters should
also be made to the procedure.

3) Cross reference to appropriate Emergency Plan Implementing
Procedure should be included.

Table 3 summarizes doses and dose rates to be encountered at the
Reactor Water Sample Sink, 30 minutes after shutdown.

Table 4 summarizes dose rates which could be encountered in the Emergency
Condenser Isolation Valve Room in the process of opening manual sample line
isolation valves.

The results of Tables 3 and 4 indicate the following:

1)  The portion of the sampling procedure performed at the Reactor
Water Sample Sink on El. 261' 0" presents no exposure problem.

2) The portion of the sampling procedure involving entry into the
Emergency Condenser Isolation Valve Room presents a large ex-
posure problem, especially since there exist also two emergency



3)

4)

3)

condenser steam lines which will contain accident sources.
Essentially, the dose rate from all the lines could be con-
sidered to be three times that of the containment spyay line.
However, if the accident releases were 5x10” to 1x10" times
less (based on the same release fraction), i.e., between 20

to 40 uCi/ml, then the overall exposures in the ECIV room would
be within the above-stated limits.

Remote operation of the ECIV room and Drywell Isolation Valves
would alleviate potential exposure problems related to these
samples. Remote operation of the ECIV room and Drywell Isola-
tion Valves is currently scheduled to be completed by 3/82,
dependent on receiving remaining electrical parts.

Provicion for the use of 5R and 50R dosimeters, communications
and asbestos gloves for operation of the valves in the ECIV
should be made within the procedure.

Procedure needs to cross-reference appropriate Emergency Plan
Implementing procedures.

Table 5 summarizes stack sampling dose rates encountered when stack
sampling scenarios 1 and 2 are postulated.

Table v summarizes stack sampling capability during drywell purge.

The results of Table 5 indicate that there snculd be no exposure
problem for stack sampling and monitoring during a LOCA if no drywell
purge is required. If a drywell purge is required at 30 minutes, Table 6
indicates that no samples will be drawn during this period. During these
circumstances, the interim high range stack monitor procedure will be util-
ized for gross estimates of release rates.






PART A

TABLE 2

N1-PSP-11
Turbine Bldg.
El. 291* O"

Procedure:
Location:

DRYWELL AIR SAMPLING AT H»-0, MONITORING PANEL

ITEM DOSE RATE DURATION INTEGRATED DOSE
R/hr MINUTES Rem
Drywell Air
Sample Lines 9.83(supply lines 4 0.655
(outside panel) only)
19.66 (supply & 8 2.621
return only)

15 mi Sample
vial, unshielded 0.57 2 .019
15 ml Sample
vial, shielded 0.037 10 .006
TOTAL DOSE ———— ——— 3.301
NOTES:

1 Dose rates are calculated at 2' from the sample lines and from

the sample vial.

ro

Eight minute sample time is not
highest dose rate area. Actual

2xpected to be spent in the
dose rate will also include

some contributions from the H,-0, sample cabinet.




Procedure: NI1-PSP-10
Location: Reactor Bldg.

El1. 261' O"
PART A
TABLE 3
REACTOR WATER SAMPLING AT THE SAMPLE SINK
ITEM DOSE RATE DURATION INTEGRATED DOSE
R/hr MINUTES Rem
Sample Lines at 5' 0.91 12 0.182
1 ml Sample Vial
at 5', unshielded 0.0385 R) 0.0026
1 ml Sample Vial
at 2', unshielded 0.0143 10 0.0024
TOTAL eeee- -- 0.19

5

NOTE: Reactor water activity at 30 minuzes totals 2x107uCi/ml.



Procedure: N1-PSP-10
Location: Reactor Bldg.
El., 281" O

REACTOR WATER SAMPLING AT THE EMERGENCY CONDENSER ISOLATION VALVE ROOM

ITEM DOSE RATE
R/hr
Containment*
Spray Line at 2' 15,874
Sample Line at 2' 70

DURATION
MINUTES

12

12

INTEGRATED DOSE
Rem

N/A

N/A

*Dose rate also representative of Emergency Condenser steam lines.



PART A

TABLE 5

STACK SAMPLING (LOCA)

ITEM DOSE RATE*

mr/hr

Stack Sample
Lines at 2' 0.41

Marinelli Beaker
4000 ml at 1.5' 1.56

Charcoal Cartridge
and Glass Filter

at 2' 0.05
Stack at 1' N, 57
TOTAL —————

*Dose rates correspond to sampling at 30 minutes.

multiply by 10.

DURATION
MINUTES

20

10

25

N1-PSP-12
N1-SP-7
Turbine Bldg.
El. 261! O
Screenhouse,
El. 256% 0%

Procedures:

Locations:

INTEGRATED DOSE
mRem

0.137

0.260

0.007

0.654

1.058

For sampling at 24 hrs.,



Procedures: NI1-PSP-12

N1-SP-7
Locations:  Turbine Bldg.
El. 261' O"
Screenhousn
El. 256" O"
PART A
TABLE 6
STACK SAMPLING (DRYWELL PURGE)
ITEM DOSE RATE DURATION INTEGRATED DOSE
R/hr MINUTES Rem
Stack Sample
Lines at 2' 24.5 20 N/A
Marinelli Beaker
4000 ml at 1.5' 93.4 10 N/A
Charcoal Cartridge
and Glass Filter
atk' 3.4 8 N/A

Stack at 1' 97.2 25 N/A






Gaseous Systems (Cont'd)

Isotopic analysis of stack noble gases at a LOCA concentration of
0.41uCi/ml is possible using a Marinelli flask called for in procedure
N1-SP-7. However, because this specific geometry has not been eval-
uated at 50 cm, there will be an error associated with this analysis
(i.e., 2" diameter geometry vs 7.5" diameter at 50 cm.). The specific
geometry is now under investigation in an attempt to evaluate and re-
duce the error associated with this analysis.

As evident in Part A of this report, dose rates near the stack during
a LOCA drywell purge are prokibitive. For this reason, isotopic

analysis of stack gases under these conditions is not possible. However,

the installation of the SAIl Stack Gas Analyzer, currently scheduled for
completior by January 1983, will gllow for dilution and analysis of
noble gas concentrations up to 107 LUCi/ml.

In an effort to further enhance isotopic analysis of gaseous systems
during a LOCA, the following measures are now under consideration or
planned for implementation:

1)  The installation of the GE Post-Accident Sampling System to enable
us to sample and dilute the drywell atmosphere.

2) Current sanpling techniques are adequate for short term sampling
(i.e., 30 minutes after accident). However, use of a smaller
volume flask will be investigated for long term samples at later
periods of an accident (i.e., 24 hours or greater).

3) The development of gasecus dilution techniques.

4) Calibration of the CeLi detector at greater source distances
and with different geometri¢s.







SLR-TABLE 2

Isotope Activity pCi/ml Energy* (Kev) % Relative Error
Xe-133 .007 81.08 9.1
Kr-88 .012 196.40 4.6
Xe-135 .022 250,26 1.4
Xe-138 229 258.76 0.6
Kr-87 .019 403.14 P |
Xe-135m 1152 526.84 1.3

$ = .441 uCi/ml x 15 ml = 6.6 uCi

Off-Gas Sample
Distance From

The Detector % Dead Time
0 em 45%
3 cm 18%
10 cm 5%

* For isotopes with multiple peaks, only the peak giving the lowest % relative error

was considered.



SLR-TABLE 3

Peak Energy Detector Efficiency* Detector Efficiency* (B)/ (A)
(kev) at 50 cm (A) (cts/v) at 3 cm (B) (cts/y)
88 4.78 E-5 2.00 E-2 628
122 4.60 E-5 2.4 E-2 520
662 1.81 E-5 5.1 B-3 ’83
1173 1.28 E-5 3.0 E-3 231
1836 2.80 E-5 1.9 E-3 679

*GelLi #2 calibration data compiled 2/10/81 and 2/17/81 using Standard Radio-
nuclide source 121A3-09, 2" glass fiber filter.
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ATTACHMENT 11

Detection and Measurement of Airborne lodine
Under Field Conditions During Emergency Situations

INTRODUCTION

A rapid means of detecting airborne iodine activity during an
emergency is necessary to expedite the identification of the plume
centerline and the recommendation of protective actions to State
and Local authorities. Valuable time would be consumed if samples
taken out in the field had to be transported to a counting facility
to determine airborne iodine activity.

During June of 1981, the NMPNS performed an evaluation of
charcoal cartridges (SAI CP-100) face loaded with I-131 by Analytics,
Inc. of Atlanta, Georgia. This evaluation proved to be incon-
clusive because it used [-131 as the only nuclide being counted.

As a result of the NRC Emergency Preparedness Appraisal
(Inspection Number 81-18), NMPNS re-evaluated this earlier work
using a mixed source of iodines in determining the iodine detection
efficiency for environmental field samples.

The iodine detection efficiency determined as a result of this
evaluation will be used in the field to provide ar expeditious
means of evaluating an airborne release of iodines during an
emergency.

METHODOLOGY

To determine an iodine detection efficiency, iodines were
chemically separated for NMPNS Reactor Water and then surface
loaded on SAl CP-100 Radio-iodine Charcoal Cartridges. Prior to
loading, the Reactor Water was analyzed on the Station Geli
to verify that only nuclides of iodine were present.

The cartridges were loaded with 1, 2, 3, and 4 ml of organic
solution containing the mixed iodine activity. The cartridges
were allowed to dry overnight and then counted on the station
GeLi the next day to determine the deposited activity on each
cartridge.

Subsequent to the Geli analysis, each cartridge was counted
using an Eberline RM-.i4 countrate meter and a HP-210 GM probe.
Each cartridge was held approximately 1/2 inch from the GM probe
and . ounted for a total time of 1 minute. Background for the
detcrminations was performed using a clean CP-100 charcoal car-
tridge and counted in the same manner as the loaded cartridges.
Fach cartridge was counted three (3) times to ensure reproduci-
bility and the data averaged for the detection efficiency deter-
mination.



Page 2
Attachment 11

I1. METHODOLGY (continued)

The data retrieved from the GeLi and RM-14/HP-210 analyses was
used to determine total activity and count rate respectively and
inserted in the following equation to determine iodine detection
efficiency: -

% efficiency = Total Count Rate (cpm) - Backgrouri Count Rate (cpm) x 100
Activity in dp.

111. RESULTS

The data collected is summarized in Table 1 and indicates that
an efficiency of 5% would be more than conservative in estimating
airborne iodine activity in the field immediately following a release.
Based on this efficiency, Table 2 summarizes the Minimum Detectable
Activities we would bz able to detect in the field given a different
set of variables. In all cases MDA is well above the 1 x 10-7 uc/ce
detection capability specified in NUREG-0654.

IV, CONCLUSION

During the initial days of an emergency, the shorter lived
iodines (I-132, 133, 134, and 135) will predominate over I-131.
Given this set of circumstances, the caiculated 5% iodine detection
efficiency should be more than advqguate in evaluating the mixed
iodine activity of a released niume. Subsequently, as the I1-131
becomes the predominate nuclide the detection efficiency will
decrease. From previous evaluations, it could appear that this
efficiency would be a factor of 10 less than the mixed iodine
efficiency. In order to compensate for this difference in efficiency,
current emergency implementing procedures assume that all iodine
activity measured in the field is due to I-131. This over-compen-
sation during the initial moments of an emergency would ensure that
appropriate protective actions are recommended for the general
public, Subsequently, as the emergency condition continues,
environmental samples would be expeditiously counted using the
station GeLi to verify the isotopic mix in the sample.

With respect to noble gas interference, it is not believed that
noble gases will interfere with our field determination because:

s If noble gas interference is suspected (eg. high gamma
exposure rate measurements) current emergency implementing
procedures require the use of Silver Zeolite cartridge
for the collection of iodine samples. Silver Zeolite
has a rgported Xenon retention efficiency of less than
5 x 1079 &,
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Iv.

CONCLUSION (continued)

2

If noble gases are suspected in the counting area, current
emergency implementing procedures require survey teams to
retreat to a low background area (Count rate <100 cpm) for

counting of the air samples.

All field samples are expeditiously returned to station for
quantitative analysis on GeLi to verify field results.
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TABLE 2

Counting Statistics for use of RM-14/HP-210 to Detect lodines
on a charcoal/Silver Zeolite Cartridge in the field.

Given:

—
-

Air Sample Volume - 15ft3 and 20ft3

2. Cartridge retention efficiency for lodines -

Silver Zeolite - 95%

Charcoal (CP-100) - 99%
3.  Background - 100 cpm or less
4, Detection Efficiency for Mixed lodines - 5%
D MDA = MDC

(6.28 x 101U dpm-cc) (ftY) (eff. of Det)(eff. of cartridge retention)

uCi-ft?

Data:
Count Air Vol Bkgd MDC MDA uCi/cc MDA uCi/cc
Time (ft3) (cpm) (4.664§B)  Silver Zeolite CP-100
1 min. 15 60 36 8.05 x 10-10 7.72 x 10-10
1 min. 20 60 36 6.03 x 10‘51)0 5.79 x 10710
1 min. 15 100 47 1.05 x 10° 1.01 x 10'9
I min. 20 100 a7 7.88 x 10-10 7.56 x 10-10



